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ABSTRACT 

Scheduling is a critical component of manufacturing operations, especially in 

factories producing a wide range of products. It involves assigning tasks or products to 

machines, workers, and resources over time to ensure an efficient workflow. Effective 

scheduling is essential for minimizing downtime, maximizing machine utilization, and 

meeting production goals. However, in factories where different products are made on 

the same machines, scheduling becomes more complex. Balancing production demands, 

machine capacities, and operational constraints can be challenging, especially when 

dealing with frequent changeovers and bottlenecks. 

This project focuses on a factory that manufactures powdered mix products such 

as jelly, cake mix, juice mix, and ice cream. The factory faces significant challenges 

related to bottlenecks and changeovers, which are further complicated by the recent 

addition of a new machine to the production line. Bottlenecks occur when certain 

machines or processes become overloaded, limiting the flow of production. Changeovers, 

involving the adjustment of machines for different products, often lead to extended 

downtime. The new machine, while intended to increase capacity, has introduced 

additional disruptions, highlighting inefficiencies in the existing workflow and 

scheduling. 

The primary goal of this project is to improve production efficiency by addressing 

key operational challenges. The focus lies in optimizing product allocation to machines 

and refining scheduling practices to reduce idle times and enhance workflow. Special 

attention is given to effectively integrating the new machine into the production line. To 

assess potential improvements, a simulation model was developed to test different 

production sequences for the six product types. The scenarios were evaluated using key 

performance metrics, including average cycle time and total units produced. The analysis 

revealed that some production sequences led to noticeably shorter cycle times and higher 

output. These results demonstrate that by adjusting the scheduling order, it is possible to 

enhance system performance, increase throughput, and better meet customer demand. 
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C h a p t e r  O n e  

1 INTRODUCTION 

1.1  HISTORY OF POWDERED FOOD MIX 

The powdered food mix industry is an important part of the food and beverage 

industry, offering products that make meal preparation easier and more convenient. 

These products usually come in powdered form and only need water, milk, or a few 

other ingredients to be ready to consume. Some common examples include cake mixes, 

baking enhancers, juice mixes, and jelly powders. They’re popular because they save 

time in the kitchen, are affordable, and have a long shelf life.  

In Egypt, the powdered food mix market is valued at around $1.5 billion USD, 

which is about 3.75% of the total food and beverage industry, valued at $40 billion 

USD. Although it’s a smaller part of the industry, it still plays a key role in Egypt’s 

food market. Around 20-30% of Egypt’s powdered food mix products are exported to 

various regions, with strong demand in the Middle East, North Africa, Europe, and the 

United States. These export markets are crucial to Egypt’s trade strategy, benefiting 

from long-term agreements that make the process smoother. The increasing demand for 

Egyptian food products in these markets helps drive the success of the powdered food 

mix industry. 

Scheduling is classified as an NP-hard problem, as the number of possible 

schedule solutions becomes enormous as tasks, machines, or resources increase. This 

complexity is further compounded by the limited availability of workers, machines, and 

tools, which adds significant challenges to creating feasible schedules. Additionally, 

many tasks required to complete a product must follow a specific order, with some 

depending on the completion of others, introducing dependencies that increase 

complexity. Scheduling can also be multi-objective in nature, where goals such as 

minimizing total production time, delays, or costs are difficult to achieve optimally and 

simultaneously. 
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In the powdered food mix industry, scheduling plays a vital role by planning 

and allocating resources such as machines, labor, and materials to ensure products are 

produced within a set timeframe. This is especially critical in the food sector, where 

smooth production operations are essential to optimizing output and ensuring product 

quality.  

Products in this field are often made in batches, with production lines shared 

across different product types, leading to challenges such as frequent product 

changeovers. Effective scheduling addresses these complexities by ensuring each 

product is allocated to the most suitable machine, reducing the need for frequent 

adjustments and minimizing idle time. This approach supports multi-objective goals by 

maximizing machine utilization, minimizing downtime, and ensuring that production 

meets demand within constraints like limited resources and task dependencies. By 

doing so, efficient scheduling enables timely production, enhances operational 

efficiency, and ensures high-quality output, contributing significantly to the overall 

success of the powdered food mix industry. 

1.2  PROBLEM STATEMENT  

Factory X aims to determine the optimal schedule and product mix assignment 

for the new packaging machine, Machine X, in coordination with the existing machines 

to maximize efficiency and throughput. 

1.3  STUDY AIM 

  The aim of this study is to enhance production efficiency in a powdered 

food mix manufacturing system by evaluating the impact of different product 

sequencing strategies. By taking into account sequence-dependent changeover 

times and real operational constraints, the project seeks to identify optimal 

scheduling approaches that reduce cycle time, increase throughput, and improve the 

overall performance of the production line.  
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1.4 STUDY OBJECTIVES 

• To reduce average cycle time and increase total production output by 

evaluating different product sequencing strategies. 

• To assess the impact of sequence-dependent changeover times on production 

performance. 

• To identify operational constraints and company policies that affect 

scheduling decisions. 

• To compare and analyze various scheduling scenarios to determine the most 

efficient production sequences for the powdered food mix line. 

1.4.1 The Project’s Objectives are SMART 

• Specific: Implement on specific product weight groups in the packaging area 

and on Machine X. 

• Measurable: Key performance indicators such as average cycle time, total 

production output, and machine utilization are used to track improvements. 

• Attainable: Positive impact of scheduling on the performance of manufacturing 

systems (at no initial investment cost) is well documented in literature and 

meetings with company representatives confirmed that. 

• Relevant: Evaluating and optimizing the sequence of different product types 

directly supports the goal of improving production flow. By reducing 

changeover times and addressing operational constraints, the project aims to 

increase output and streamline the performance of the powdered food mix 

packaging line. 

• Timely: Achieve realistic results by the end of July 2025. 
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C h a p t e r  T w o  

2 LITERATURE REVIEW 

 Scheduling tasks in the food industry can be challenging, especially when the 

order of tasks affects how long it takes to switch between them. For example, moving 

from producing one type of product to another often requires cleaning equipment or 

setting up machines differently. These tasks, known as sequence-dependent setups, can 

slow down production and increase costs if not handled efficiently. The goal is to find 

the best way to schedule these tasks to save time, reduce WIP inventory, and avoid 

bottlenecks that can slow the entire process. 

One effective way to study and improve scheduling systems is through discrete event 

simulation (DES). It is a powerful tool for analyzing and improving scheduling systems 

in the food industry. It allows researchers to create virtual models of production 

processes, making it easier to pinpoint inefficiencies and explore potential 

improvements. By simulating different strategies, DES provides insights into how 

adjustments in resource allocation or setup processes can enhance productivity without 

disrupting actual operations. This approach offers a practical way to identify and 

implement changes that reduce wasted time and improve overall system performance.  

Changeovers, which occur when switching between tasks, are a major source of 

inefficiency in food production as they take time and can slow down the entire process. 

Reducing changeover times is essential to maintaining a smooth production flow. 

Similarly, bottlenecks, where certain tasks take longer than others, can limit overall 

output. Reducing bottlenecks and ensuring tasks flow evenly across the system 

significantly improves efficiency. Lowering WIP inventory is also crucial as it helps 

reduce clutter and ensures products move quickly through the system. Research has 

introduced various methods to address these challenges, focusing on optimizing the 

sequence of operations to minimize changeover times and balancing workloads to 

prevent parts of the production line from becoming overwhelmed. When paired with 

discrete event simulation, these strategies clarify how different schedules impact overall 

productivity. 



12 

This literature review provides an overview of the research on scheduling in the food 

industry, focusing on sequence-dependent tasks. It highlights the progress made so far 

and the challenges that still need to be addressed to make production systems more 

efficient. The review offers practical insights and serves as a helpful resource for both 

researchers and industry professionals looking to reduce changeovers, bottlenecks, and 

WIP inventory while improving overall performance. 

2.1  OVERVIEW AND BACKGROUND 

Improving production efficiency in sequence-dependent tasks is a major 

challenge for modern manufacturers, especially with growing customer demands. 

Research shows that smoother production can be achieved by optimizing scheduling. 

This means decreasing bottlenecks, reducing WIP levels, and cutting down on 

changeover times. In sequence-dependent tasks, bottlenecks often happen at machines 

or stations with the longest cycle times or the slowest changeovers (Li et al., 2023) [1]. 

On top of that, poorly managed WIP levels can slow things down even more, affecting 

throughput and machine utilization, and sometimes even creating new 

bottlenecks(Lödding et al., 2024) [2]. These problem areas can drag down the entire 

production line. By identifying and fixing these bottlenecks, manufacturers can create 

a smoother workflow for sequence-dependent tasks and run production lines that are 

faster, more efficient, and ready to meet demand. 

2.1.1  Review Methodology 

The research for related published articles on scheduling with sequence-

dependent tasks, with a focus on reducing bottlenecks, minimizing WIP levels, and 

optimizing changeovers, was conducted using multiple academic sources. These 

included Google Scholar and The Egyptian Knowledge Bank, along with databases 

such as Taylor & Francis, Scopus, ProQuest, Emerald, and Web of Science. A total of 

60 articles published between 2014 and 2024 were identified and reviewed from these 

sources. The analysis revealed numerous approaches and solutions to address the 

complex scheduling problem, with the majority employing simulation models as a 

primary method for problem-solving. Figure 2-1, titled "Flow Diagram for Article 
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Selection," provides a schematic representation of the methodology followed to identify 

and select relevant articles. 

 

Out of the 60 papers reviewed, 33 were chosen as key references because they were the 

most relevant to the research problem. These papers were more closely related to the 

topic and used more extensively than the other 27 that were excluded. Real -world case 

studies, hypotheses, and different approaches from the selected papers were thoroughly 

analyzed and included in the literature review. This helped build a clearer understanding 

of the problem and contributed to defining, modeling, and addressing it within the field 

of study. 

Figure 2-1 Flow Diagram for Article Selection 
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Criteria Justification 

 

Language: English 

English was selected as it is the dominant 

language for academic publications, 

ensuring access to the most relevant and 

widely cited research. 

Keywords: Scheduling, Bottlenecks, 

Changeover Times, Simulation, WIP 

Management, Sequence-Dependent 

These keywords were chosen to pinpoint 

the most relevant studies that address the 

main challenges and methods related to 

the research topic. 

 

Article Types: Journals and Conference 

Papers 

Journals and conference papers were 

included because they are trusted sources 

of reliable information and offer both 

well-established research and the latest 

developments. 

 

Date of Publication: 2014 to 2024 

The selected date range ensures the 

research focuses on recent studies that 

reflect modern advancements and current 

practices in the field. 

Table 2-1 Inclusions Criteria  
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Table 2-2 Exclusions Criteria  

After conducting a thorough search of the articles using the databases mentioned earlier 

and analyzing the results based on keywords, as illustrated in Figure 2-2, it was 

determined that the primary focus of the keywords was on scheduling, bottlenecks , 

changeover times, and simulation, which align closely with the objectives of this 

project. Additionally, the analysis of articles by publication date, as shown in Figure 2 -

Criteria Justification 

Theoretical studies with no practical or 

industry application. 

They were excluded because they do not 

contribute directly to solving real-world 

scheduling challenges. 

 

Solely focused on labour or workforce 

scheduling. 

Because they fall outside the scope of 

sequence-dependent scheduling and the 

specific issues being addressed, like 

bottlenecks and changeovers. 

Papers that propose solution methods 

unsuitable for sequence-dependent 

scheduling. 

They were excluded because they 

wouldn’t provide relevant or applicable 

solutions to the problem. 

 

Provides infeasible solutions (changing 

layout, or add workers). 

They were excluded because these 

approaches are not feasible within the 

constraints of this research. 

 

Article Types: Dissertations, books, 

and reports. 

They were excluded as they are often 

less accessible or lack the scholarly 

validation required for reliable academic 

research. 

 

Date of Publication: Before 2014 

To ensure the research incorporates only 

recent advancements and remains 

relevant to current trends and 

methodologies. 
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3, revealed a focus on recent publications to ensure the inclusion of valid and advanced 

solutions. This approach helps us incorporate the most valid and advanced methods into 

our work. 

 

2.2  IMPORTANCE OF SCHEDULING  

Scheduling is a well-known NP-hard problem, as the effort required to find an optimal 

solution grows exponentially with the size of the problem. This challenge becomes even 

more pronounced in sequence-dependent setup scheduling, where setup times vary 

based on the order of tasks. While most existing methods address situations where a 

single operator manages setup tasks on a single machine, the complexity increases 

significantly in multi-machine systems. In such cases, changeover tasks must be 

coordinated across multiple machines or an entire production line, often requiring the 

collaboration of individuals with varying skill sets. Although optimizing setup times in 

sequence-dependent scenarios is highly relevant in practice, there is limited research 

dedicated to this issue. Developing advanced optimization techniques could help close 

this gap and enhance scheduling efficiency (Saeed Osman, 2021)[3]. 

 

 

Figure 2-2 Keywords Used   Figure 2-3 Published Date  
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2.3 SOLUTION METHODS IN LITERATURE REVIEW 

  From the reviewed literature, as shown in Figure 2-4, various solution methods 

have been identified. About 11 articles used optimization techniques like Mixed-Integer 

Linear Programming (MILP), Mixed-Integer Programming (MIP), and heuristic 

methods. Another 4 articles focused on data-driven and analytical approaches, such as 

Data-Enabled Mathematical Models and ABC Classification. The major ity of the 

studies, 15 articles, relied on simulation models to handle the complexity of these 

problems. Different types of simulations were used, including Agent-Based Simulation, 

Digital Twin, and Monte Carlo Simulation, but the most commonly used approach was 

Discrete Event Simulation (Lohmer & Lasch, 2021)[4]. 

2.4 CHANGEOVERS IN SEQUENCE DEPENDENT SYSTEMS 

In industrial manufacturing, converting raw materials into finished products is 

a key responsibility of the production department, achieved through various processes 

using individual machines or complex multi-machine systems. Machine efficiency can 

be hindered by several factors, including startups, minor stoppages, idling, reduced 

speed, tool changes, defective outputs, rework, and shutdowns. Among these, 

Figure 2-4 Solution Methods found in Literature Review   
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changeover losses stand out as the most significant obstacle. Reducing changeover 

times has become a priority for many factories, as it is a manageable aspect of 

production that can be optimized to boost efficiency. Shorter changeover times not only 

lower production costs but also provide greater flexibility, allowing production lines to 

adapt quickly to changing demands and customer needs. In many factories, machines 

often handle diverse products or variations within the same product family, requiring 

two primary types of changeovers: transitioning between different product types and 

adjusting for size variations within a single product type (Saeed Osman, 2021)[3]. 

2.4.1 Solution Methods to Reduce Changeovers 

The problem has been addressed using various optimization techniques that 

have been screened, reviewed, and studied during literature research. Lean 

manufacturing tools such as Single Minute Exchange of Die (SMED), 5S, and Kanban 

were highlighted, along with heuristic methods like priority rule-based scheduling. 

Time-motion studies and deterministic tools, including CPM, were also explored. 

Priority rules have been extensively studied through simulation experiments  over the 

past three decades (Haupt, 1989)[5]. The rule-based scheduling method, for instance, 

utilizes the simulation tool SchedulePro™, which employs predefined rules to organize 

production sequences. To minimize changeovers, products are grouped into families 

with similar characteristics, and production sequences are carefully planned to reduce 

transitions between families. Users can interactively modify schedules based on their 

knowledge of the facility, refining them further to reduce changeover times. While this 

approach does not guarantee optimal solutions, it is flexible and provides quick results, 

making it ideal for dynamic environments requiring frequent adjustments. Its 

effectiveness largely depends on the user’s familiarity with the production 

process(Samouilidou et al., 2023) [6]. SMED is another lean manufacturing technique 

focused on reducing changeover times to enhance efficiency and minimize waste. It 

involves analyzing and reorganizing setup tasks to shift downtime activities to external 

ones, standardizing procedures, and employing parallel operations to speed up 

execution. This method reduces downtime, enables smaller production batches, 

improves defect detection, and increases flexibility, making it an essential tool for 

optimizing production processes. These are just a few of the solution methods for 
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managing changeovers identified in the reviewed literature(Maalouf & Zaduminska, 

2019) [7]. 

2.4.2 Time Motion Studies to Reduce Changeover Times 

Time-motion studies are highly effective in reducing changeover times in food 

production industries by analyzing and optimizing the movements of workers and 

materials during processing and packaging tasks. Techniques such as Spaghetti 

Diagrams and Gemba Walks help map and evaluate the flow of activities on the 

production floor, where tasks often involve handling perishable goods and strict 

hygiene protocols. Spaghetti Diagrams visually trace the paths taken by workers and 

materials, identifying inefficient or redundant movements that can be streamlined to 

save time and reduce delays. Gemba Walks involve real-time observation of operations, 

enabling supervisors to spot inefficiencies and reorganize workflows to ensure 

smoother task transitions. Time-motion studies can significantly reduce changeover 

times by minimizing unnecessary steps, improving workstation layouts, and 

standardizing procedures, ensuring faster and more efficient production processes in 

the highly time-sensitive food industry(Oliveira & Lima, 2023) [8]. 

2.5 ADDRESSING BOTTLENECKS IN A SYSTEM 

Bottlenecks are critical problem areas in manufacturing systems that disrupt 

efficiency by restricting the production flow. They occur when a specific station or 

component cannot keep pace with the rest of the process, causing delays and 

disruptions. This often results in upstream stations becoming congested and 

downstream stations running out of work, which significantly impacts productivity. The 

challenge of bottlenecks increases in complex and unpredictable environments, where 

factors such as fluctuating cycle times and unplanned stoppages intensify inefficiencies. 

Addressing bottlenecks is essential to maintaining smooth operations, as they directly 

influence production rates, lead times, and overall efficiency. If left unresolved, 

bottlenecks can lead to higher costs, wasted resources, and missed deadlines, making 

their effective identification and resolution crucial for operational success(Li et al., 

2023) [1]. 
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2.5.1  Bottleneck Identification and Reduction 

Bottleneck identification methods in sequence-dependent food production 

systems can be grouped into three main approaches. Queue-state methods focus on 

analyzing queue lengths and waiting times at various stages of production to locate 

bottlenecks. Process state methods examine metrics such as equipment utilization, 

active processing times, and the shifting nature of bottlenecks as production demands 

and durations vary. System state methods integrate data from both queue and process 

states, employing tools such as the Gemba Walk, bottleneck index, and sensitivity 

analysis to identify inefficiencies. Using these methods helps detect bottlenecks within 

sequence-dependent workflows in food production, ultimately enhancing throughput 

and improving production efficiency(Skoogh et al., 2023) [9]. 

Among these, techniques such as the Gemba Walk, DES, simulation modeling, and 

data-driven analytics have proven particularly effective. The Gemba Walk involves 

real-time observation of production floors to identify disruptions, such as equipment 

breakdowns or material delays, enabling quick decisions to reallocate resources and 

streamline workflows. DES complements this by creating virtual models of production 

systems, allowing processes and scenarios, such as equipment changes or schedule 

adjustments, to be simulated without disrupting operations. Data-driven analytics and 

simulation modeling further enhance these efforts by analyzing system behavior and 

predicting potential bottlenecks, supporting dynamic resource optimization. Together, 

these methods help manage bottlenecks effectively in complex manufacturing 

environments, including the food industry, where challenges like perishable inventory 

and strict schedules are common(Skoogh et al., 2023) (Mediouni et al., 2022) [9, 10]. 

2.5.2  Lean Techniques for Identifying and Reducing 

Bottlenecks 

Lean manufacturing techniques also provide a robust framework for identifying 

and reducing bottlenecks in food production systems. Value Stream Mapping (VSM) 

offers a comprehensive overview of material and information flow, highlighting 

inefficiencies such as waiting times, unnecessary processes, and excess inventory. By 

categorizing activities into value-added and non-value-added tasks and pinpointing 
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bottlenecks through differences between Takt time and process cycle times, VSM 

enables targeted improvements to streamline production flow (Woldemicael et al., 

2024) [11]. Kanban systems further aid by synchronizing production with actual 

demand, regulating inventory, and preventing overproduction and delays. The 5S 

methodology enhances workplace organization by eliminating unnecessary movements 

and ensuring easy access to tools and materials, improving overall efficiency. Kaizen 

promotes continuous improvement through incremental process changes driven by 

employee input, while SMED minimizes changeover times, boosting flexibility and 

reducing downtime. Collectively, these methods provide an integrated approach to 

addressing bottlenecks and optimizing workflows, significantly enhancing productivity 

in food production systems (Oday & A. Mohamed, 2024) [12]. 

2.5.3  Streamlining Production with Drum Buffer Rope 

The Drum Buffer Rope methodology is another proven strategy for reducing 

bottlenecks by synchronizing material flow. In this system, the "drum" represents the 

bottleneck, setting the production pace and dictating the rhythm of the entire process. 

Buffers are strategically placed before the bottleneck to maintain a steady supply of 

materials, reducing the risk of production stoppages caused by upstream delays or 

disruptions. The "rope" serves as a control mechanism, regulating the release of 

materials to match the bottleneck’s throughput capacity. By aligning production orders 

with buffer usage and demand, DBR streamlines operations, minimizes delays, and 

enhances overall efficiency. This approach is particularly effective in dynamic 

environments with shifting bottlenecks, as it optimizes resource utilization while 

maintaining consistent production flow(Yue et al., 2022) [13]. 

2.6 WIP LEVELS 

In the powder food mix industry, WIP refers to ingredients and partially blended 

mixes that are in different stages of the production process, such as weighing, mixing, 

or packaging, but haven’t been completed yet. Managing WIP ensures the production 

line runs efficiently, prevents delays, and maintains the quality and safety of the final 

product(Tufano et al., 2018) [14]. 
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WIP levels are essential for ensuring production systems operate efficiently. Properly 

managed WIP keeps materials moving steadily through the process, improving 

throughput times, maximizing resource utilization, and ensuring products are delivered 

to customers on schedule. However, if WIP levels are too high, they can lead to longer 

delivery times, higher inventory costs, and dissatisfied customers. On the other hand, if 

WIP levels are too low, production flow can be disrupted, resulting in idle resources 

and lower productivity. Maintaining the right WIP levels is not just about managing 

inventory but about optimizing the entire production system. By finding this balance, 

companies can reduce costs, improve delivery performance, and better meet customer 

demands (Lödding et al., 2024) [2]. 

2.6.1 Effective Strategies for Managing WIP 

 WIP management is crucial for improving manufacturing systems, particularly 

in the food industry, where efficiency and quality are essential. Various methods 

effectively identify and reduce WIP levels while enhancing overall performance. 

Simulation modelling analyzes production processes, identifies bottlenecks, and tests 

scenarios to optimize resource allocation. Machine learning-based prediction models 

forecast job completion times and potential risks, minimizing delays and maintaining 

optimal WIP levels. Heuristic and mathematical programming approaches, such as 

mixed-integer programming, support scheduling and lot-sizing, ensuring balanced 

production and efficient resource use(Shin et al., 2019) [15]. 

 Lean production practices complement these strategies by focusing on waste 

elimination and process optimization. Just-in-time production aligns output with 

demand, preventing overproduction and reducing inventory, while value stream 

mapping and the 5S methodology streamline workflows and organize workspaces to 

eliminate inefficiencies. Continuous improvement initiatives, such as Kaizen, and 

automation techniques like error-proofing systems, minimize defects, rework, and 

unnecessary inventory build-up, contributing to a leaner, more efficient production 

process (Shah & Ganji, 2017) [16]. 

 The CONWIP (Constant Work-In-Process) system introduces a pull-based 

production control method by limiting WIP through the use of CONWIP cards. A pull 

system is a production control method that regulates workflow by limiting the amount 
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of work in progress (WIP) to ensure efficient resource utilization and reduce inventory 

build-up (Jaegler et al., 2018)[17]. These cards accompany jobs throughout production 

stages and authorize new job entries only upon completion. This system prevents 

inventory overflow, enhances lead time control, and improves key metrics such as 

delivery reliability, workstation utilization, and throughput. Together, these methods 

provide a comprehensive framework for effective WIP management in dynamic and 

complex industries like food production. (Muhammad et al., 2015)[18]. 

 Bottleneck scheduling is another vital strategy for reducing WIP inventory. 

Bottlenecks occur at production stages where capacity constraints slow processes, 

causing delays and inventory build-up. Identifying bottlenecks, using tools such as 

Pareto analysis or process mapping, enables targeted resource allocation to constrained 

stages. Addressing bottlenecks often involves upgrading equipment, redistributing 

workloads, or optimizing scheduling to synchronize the bottleneck’s throughput with 

upstream and downstream processes. For instance, a manufacturing plant implementing 

these measures successfully reduced WIP, improved efficiency, and lowered costs  

(Rane, n.d.)[19]. 

 Effective coordination is crucial for bottleneck scheduling. Measures such as 

upgrading machinery, automating workflows, and aligning production rates across 

departments ensure balanced production stages and minimized inventory. These 

adjustments help achieve lean manufacturing goals by reducing operational 

inefficiencies and maintaining continuous flow (Rane, n.d.)[19]. 

 Priority rule-based scheduling offers a flexible approach to managing WIP 

inventory under dynamic shop floor conditions. Common rules, such as First In, First 

Out (FIFO), Earliest Due Date (EDD), Shortest Processing Time (SPRT), and Slack 

Time Remaining (STR), influence production performance by addressing lateness and 

machine utilization. For example, EDD and STR prioritize jobs with the earliest due 

dates or least slack time, reducing delays and idle time while lowering WIP levels  

(Červeňanská et al., 2021)[20]. 

 Incorporating these priority rules into multi-criteria optimization frameworks 

enhances resource allocation and balances throughput and efficiency. By tailoring 

scheduling rules to specific production goals, businesses can achieve lean 
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manufacturing principles, minimizing excess inventory and maximizing operational 

performance(Červeňanská et al., 2021) [20]. 



25 

C h a p t e r  T h r e e  

3 CASE STUDY 

 The increasing demand for packaged powdered mixes is creating challenges for 

manufacturing facilities. As consumers continue looking for convenient baking and 

cooking ingredients, factories need to keep up with higher production volumes while 

staying efficient. To meet this demand, manufacturers must focus on reducing 

bottlenecks, minimizing WIP, improving throughput, and reducing the number of 

changeovers. 

 In powdered mix production, many processes are sequence-dependent; meaning 

the order in which products are made can affect the efficiency of the whole production 

line. This can often lead to bottlenecks and changeovers, which disrupt the flow of 

production and cause unnecessary downtime. To address these issues, factories need a 

well-organized production schedule. A key strategy is optimizing product-to-machine 

allocations to balance workloads, minimize downtime, and reduce the number of 

changeovers between runs. By improving the allocation process, manufacturers can 

enhance efficiency and better respond to market demands. 

 This case study examines the importance of proper product-to-machine 

allocations and their impact on these key production factors. It will explore how 

effective product-to-machine assignments can enhance production efficiency and help 

manufacturing facilities meet demand. 

3.1 FACTORY X 

 During the initial phase of our project, we explored several industries, including 

petrochemicals and garment manufacturing, but each presented challenges that made 

them less suitable for our research. In the petrochemical sector, we found that the 

specialized nature of the products created significant difficulties in applying our 

production scheduling techniques. The processes involved were highly complex and 

rigid, making them incompatible with the goals of our study. On the other hand, in the 

garment manufacturing industry, the majority of operations were manual, with only a 
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few machines involved, mainly for sewing. This limited automation made it difficult to 

implement the advanced production optimization methods we aimed to explore, as the 

processes were relatively straightforward and lacked the complexity we needed for our 

study. After careful consideration, we chose Factory X as the focus of our case study. 

The company operates shared production lines that manufacture a wide range of 

products, making it a perfect match for our objective of optimizing scheduling in a 

multi-product manufacturing environment. Furthermore, Factory X was not only open 

to collaborating with us but also provided valuable access to their production data and 

processes, which was crucial for the development of our study. With its diverse product 

mixes, automated systems, and willingness to support our research, Factory X emerged 

as the ideal candidate for this case study, allowing us to explore real-world challenges 

in production scheduling and optimization. 

3.2 FACTORY OVERVIEW AND BACKGROUND 

 Factory X is an Egyptian German Food company founded in the late 1970s. 

This company specializes in the production of powder dessert mixes, instant powder 

drinks, ice cream mixes, jelly desserts, and more for both Food Service markets and 

Consumers. Over the years, Factory X has emerged as the market leader in Egypt, 

offering high-quality ingredients, bakery enhancers, and flavorings for the bakery and 

pastry industries as well as for everyday household use. Factory X's Consumer Sector 

is passionate about exquisite taste and the process of making recipes and ingredients 

that help mothers and chefs prepare well-made food and make refreshing and warm 

beverages for everyone to enjoy.  

3.2.1 Factory X’s Ethics 

 Factory X is dedicated to maintaining strong ethical standards to create a 

positive and professional workplace. The company places great importance on 

confidentiality, ensuring that sensitive business information, trade secrets, and 

intellectual property are protected at all times. This helps to keep important data secure 

and accessible only to authorized personnel. To ensure the health and safety of 

employees, Factory X has a strict drug-free workplace policy, which bans any use or 

abuse of drugs on the premises. As part of this policy, the company conducts drug tests 

every six months to maintain a drug-free environment and ensure a safe, focused 
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workplace. The company also practices neutrality, encouraging employees to avoid 

participating in political activities while at work, ensuring that work priorities remain 

the main focus. Lastly, safety compliance is a top priority, with Factory X following  all 

health and safety regulations to ensure a secure work environment. Regular training and 

safety protocols are in place to prevent accidents and protect the well -being of all 

employees. 

3.2.2 Factory X's Product Families 

 Factory X produces a wide range of over 400 products, which are organized into 

five main product families to streamline production and meet various customer needs. 

The first family is the Powder Ice Cream Base, which includes popular products like 

Ice Cream Softy Vanilla, Ice Cream Softy Chocolate, and other ice cream bases that 

allow for easy preparation of different ice cream flavors. The second family, Powder 

Cake Mix, includes products designed for easy cake preparation, such as mixes for 

brownies, molten cakes, muffins, and other baked goods. The third family, Powder 

Baking Enhancers, features products like Cake Chef, baking powder, and vanilla, which 

enhance the texture, taste, and overall quality of baked items. The Powder Juice Mix 

family offers a variety of flavored powdered mixes, including apple, mango, and 

orange, that can be quickly prepared by adding water to create refreshing beverages. 

Lastly, the Powder Jelly Mix family includes products for making jelly in various 

flavors, such as strawberry and berry mixes, providing a convenient solution for dessert 

preparation. By organizing their products into these families, Factory X is able to 

efficiently manage its large product portfolio while ensuring they offer a broad selection 

of high-quality and convenient options to meet customer demands. 

3.3. VISITS AND INTERVIEWS 

 The information-gathering process for this project began with thorough 

planning and preparation. A detailed list of questions was created to ensure that each 

visit would cover all important aspects of production scheduling and factory operations. 

Several visits were made to Factory X to observe the production processes and gain an 

in-depth understanding of the factory’s operations. During these visits, interactions 

were conducted with staff across various levels, including both managerial personnel 

and machine operators, to gather diverse perspectives on the challenges and 
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inefficiencies present in the production process. Interviews were carried out with both 

managers and operators to investigate the underlying causes of issues such as 

bottlenecks, idle times, and changeovers. This hands-on approach, which combined 

direct observation with interviews, provided crucial insights that were instrumental in 

developing effective solutions to improve the production scheduling system. 

3.4. FACTORY X PRODUCTION PROCESS 

 The production line at Factory X is structured across three floors, as seen in 

Figure 3-1, each playing a crucial role in the manufacturing process. The third floor is 

dedicated to sieving, a process where particles are separated based on size using mesh 

surfaces. This ensures uniformity in the powdered ingredients while removing any 

impurities, which is essential for maintaining the high quality of the final products.   

On the second floor, mixers are employed to blend all the ingredients uniformly. 

The mixing process is critical for achieving a consistent and high-quality product. 

During this stage, a premix is added midway through the operation to further enhance 

the product's characteristics. The sieved powder is transported via tubes to the mixers, 

creating a seamless flow between these two stages of production. Once the powder 

mixture is prepared, it undergoes a thorough inspection to ensure it meets the factory’s 

quality standards. After passing the inspection, the mixture is transferred into storage 

tanks before being sent through tubes to the packaging machines located on the ground 

floor. The packaging process involves enclosing and protecting the final products using 

materials such as boxes, bags, or wraps. This step ensures the safety, quality, and ease 

of transport and storage of the products. 

Figure 3-1 Three Floor Production Line  
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 After packaging, an additional inspection is performed to verify the quality and 

accuracy of the finished product. Once the packaging is approved, the products are 

moved to the finished products inventory, ready for distribution or shipment.  This flow 

of production is shown more clearly in Figure 3-2 as shown below. 

Additionally, the ground floor houses the Research and Development (R&D) 

laboratory, which plays a vital role in product innovation and quality control. The floor 

is also equipped with scanning machines that print necessary information, such as 

production dates and batch details, on the packaging to ensure traceability and 

compliance with industry standards.  

3.5. PROBLEMS FACED AT FACTORY X 

Through visits and interviews, we identified that the demand for certain 

products was not being met due to inefficiencies in some packaging machines and 

Figure 3-2 Flow Chart of the Production Line 
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lengthy changeover times. Many of these machines, responsible for the unmet 

demand, had low OEE, primarily due to their age. The low OEE was caused by 

reduced availability, resulting from prolonged changeovers, and insufficient 

performance, as the machines were unable to operate at full efficiency. 

To address the issue of unmet demand, Factory X decided to invest in a new 

packaging machine as a strategic decision to enhance revenue, reduce cycle times, and 

increase overall production capacity. While the new machine was intended to help 

meet the demand for high-priority products, its introduction also brought challenges, 

including the potential for increased bottlenecks, and extended changeover times. 

Addressing bottlenecks, which constrain the overall throughput of the production line, 

became a critical focus. 

After acquiring the new machine, the challenge shifted to determining the 

optimal allocation of products between the new and existing machines to maximize 

overall efficiency. The 72 products with unmet demand were grouped by weight to 

minimize changeover times and streamline the product-to-machine assignment 

process. 

3.6.  DATA COLLECTION 

Data collection is a key part of this project because it provides the information 

needed to study the system and support better decisions. In this case study, three main 

types of data were collected: structural, operational, and numerical.  

Structural data describes how the system is organized and how its parts interact, 

which helps identify potential delays or issues. Operational data captures day -to-day 

activities, such as process times, waiting times, and resource usage, showing how the 

system functions in practice. Numerical data consists of measurements and figures that 

show patterns and help evaluate system performance using statistics like averages and 

standard deviation. By collecting these types of data carefully, we can check if our ideas 

about the system are correct and make our conclusions more reliable.  

The project also used two types of inputs: deterministic and random. 

Deterministic inputs are fixed and do not change, such as standard processing times or 



31 

schedules, and help illustrate the system’s basic behavior. Random inputs vary each 

time and reflect real-life uncertainty, such as fluctuating arrival times or unexpected 

delays. Combining both types of inputs offer a more realistic representation of how the 

system actually operates. 

3.6.1. Demand 

The daily demand for these six products is different from one another, as shown 

in Table 3-1. For example, around 37,800 sachets of Juice Mix at 670 grams are needed 

each day, while the demand for Cake Mix at 450 grams is about 10,080 sachets. In 

terms of weight, daily production ranges from just over 1,100 Kg for Cooking Cocoa 

at 80 grams to more than 50,000 Kg for the large 2.5 Kg Juice Mix. The number of 

batches made each day also varies a lot, from roughly two batches for Cooking Cocoa 

to more than 100 batches for the biggest Juice Mix. 

Having this demand data is really helpful for planning how much to produce, 

organizing storage space, and making sure workers and machines are used efficiently. 

By looking at the demand both in the number of sachets and the total production weight, 

it becomes easier to see how products flow through the system and find ways to make 

the process run more smoothly. 

3.6.2.  Structural Data 

 Structural data describes the overall layout and design of the system, 

highlighting how different parts are organized and interact with each other. In this 

project, structural data was collected through a combination of direct observations and 

Product
Daily Demand 

Sachets
Kg Kg/Day Batch/Day

Ice Cream and Jelly (1Kg) 30240 1 30240 64

Cake Mix (450gm) 10080 0.45 4536 10

Juice Mix (670gm) 37800 0.67 25326 54

Juice Mix (750gm) 32600 0.75 24450 52

Juice Mix (2.5Kg) 20160 2.5 50400 107

Cooking Cocoa (80gm) 14400 0.08 1152 3

Table 3-1 Daily Demand for Each Product Type  
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interviews with production engineers. Observations provided a clear view of how the 

production process operates in real conditions, while interviews offered deeper 

explanations and clarified details that are not always visible during observation. 

Interview questions were prepared to gather detailed information efficiently, and the  

responses were later analyzed. This approach helped develop a clear understanding of 

the system’s structure and the relationships between its key components. 

3.6.2.1.  Factory Layout 

In the case study, a detailed facility layout analysis was conducted to 

understand how the production process is organized across the factory. The facility is 

distributed over three floors, each playing a specific role in the overall material flow 

and production cycle. The process starts on the first floor, where raw materials are 

stored in the raw materials inventory area until they are needed for production. From 

there, the raw materials are moved upward by elevator to the third floor, marking the 

starting point of the production line. 

 

On the third floor, as shown in Figure 3-3, the sieving stage takes place using 

sieving machines designed to separate and refine the raw materials. Although the 

factory is equipped with a total of ten sieving machines, this study focuses on the five 

machines that are actively used to produce the six product types analyzed. During 

sieving, the raw powder passes through fine mesh screens that remove impurities, 

break up clumps, and ensure that only particles of the correct size proceed further in 

the process. This step is crucial for achieving a uniform texture in the final product, 

maintaining product consistency, and meeting quality standards. The sieving 

operation helps reduce the risk of defects in later stages and supports smoother 

downstream processing. 
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Once sieving is complete, the processed powder is transferred through a 

system of connecting tubes to the second floor, where the mixing operations are 

carried out as shown in Figure 3-4. Here too, the factory has ten mixers installed, but 

only five are currently in use for the product types covered by the case study. The 

mixing stage plays a vital role in combining different ingredients in the right 

proportions to create the final product blends. The mixers work by rotating or 

agitating the powders, ensuring that additives, flavors, and other components are 

evenly distributed throughout the batch. Consistent mixing is essential for delivering a 

uniform taste, appearance, and quality in every sachet produced. Close monitoring 

during mixing helps prevent issues such as uneven distribution, clumping, or loss of 

product quality. 

 

 

Figure 3-3 Top Floor Layout 

Figure 3-4 Second Floor Layout  
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After the mixing stage, the product continues down to the first floor, where the 

packaging area is located as shown in Figure 3-5. Packaging operations include a mix 

of automated packaging machines that handle large volumes efficiently and manual 

processes for products or pack sizes requiring more flexible handling. In addition to 

the packaging section, the first floor contains a research and development (R&D) 

room, where new product ideas and process improvements are explored, and an 

inspection room dedicated to quality control. This room is responsible for checking 

product samples and ensuring they meet the company’s standards before final release. 

 

 Studying the layout in detail and focusing specifically on the equipment 

currently in operation provides a realistic view of how the factory manages daily 

production. This approach helps explain how each stage of the process, from raw 

material preparation and sieving to mixing and packaging, contributes to keeping 

production efficient, maintaining consistent product quality, and meeting customer 

demand. 

 

 

Figure 3-5 Ground Floor Layout  
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3.6.2.2.  Labor Analysis 

Human resources capacity, often called labor capacity, refers to the total amount of 

work that a team can complete within a certain timeframe, based on the number of 

workers, their skill levels, working hours, and overall efficiency. Analyzing labor 

capacity is essential because it shows whether the existing workforce can meet the 

project’s production targets and timelines. This understanding helps in making 

informed decisions about staffing, training, and workflow planning. 

When it comes to production processes, labor capacity directly influences how many 

units can be prepared, packaged, and quality-checked each day. In this case study, 

evaluating labor capacity is especially valuable for identifying whether there are enough 

qualified workers to keep each step of the process (including sieving, mixing, 

packaging, and final inspection) running smoothly without delays or disruptions. 

Effectively managing human resources helps maintain steady production, ensures 

consistent product quality, and supports the overall efficiency of operations. 

The table below, Table 3-2, shows how many workers are assigned to each part of the 

process, from sieving and mixing to packaging and final packing. This gives a clearer 

picture of how the team is organized to keep production running smoothly.  
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  Work Stations Description Capacity 

1 Sieving Setup 

The worker sets up and adjusts the sieving 

machine to make sure materials are properly sorted 

and ready for the next step. 

5 

2 Mixer 

The worker prepares the mixing machine, adds the 

premix ingredients, and ensures the materials are 

blended evenly for the next stage. 

3 

3 Packaging Setup 

The worker sets up the packaging machine, adjusts 

it for the correct pack size, and makes sure it runs 

smoothly to fill and seal the product properly. 

3 

4 
MK1 Packaging 

Machine 

The worker places the filled powder bags from the 

packaging machine into cartons, then packs these 

cartons into larger boxes for storage or shipping. 

6 

5 
MK2 Packaging 

Machine 

The worker places the filled powder bags from the 

packaging machine into cartons, then packs these 

cartons into larger boxes for storage or shipping. 

6 

6 
MK3 Packaging 

Machine 

The worker places the filled powder bags from the 

packaging machine into cartons, then packs these 

cartons into larger boxes for storage or shipping. 

6 

7 
200Filler Packaging 

Machine 

The worker places the filled powder bags from the 

packaging machine into cartons, then packs these 

cartons into larger boxes for storage or shipping. 

6 

8 
Machine X 

Packaging Machine 

The worker places the filled powder bags from the 

packaging machine into cartons, then packs these 

cartons into larger boxes for storage or shipping. 

8 

 

Table 3-2 Labor Analysis  Commented [LE4]: This table is a screenshot please adjust it to 

a normal table! 
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3.6.2.3.  Machine Capacities 

 

 In a multi-product powdered mix factory, machine capacity refers to the 

number of machines available and operating in the facility, as shown in table 3-3, for 

all the operations such as sieving, mixing, and packaging. This number directly 

affects how much the factory can produce during each shift, so their quantity directly 

impacts overall production output. When there are more machines, more work can be 

done at the same time. Knowing the machine capacity is important for organizing 

production schedules, managing resources, and making sure the factory meets its 

daily or weekly demand and targets efficiently.  

 

As mentioned in Table 3-3, the current project focuses on optimizing the 

production of six specific product families using a set of 15 machines designated for 

this purpose. While the facility has more equipment overall, these 15 machines are the 

ones involved in the production of these products. The sieving stage is carried out on 

the third floor with 5 machines. On the second floor, 5 mixing machines prepare the 

powders, which are then transferred through tanks to the ground floor. There, 5 

packaging machines complete the final stage. All 15 machines operate simultaneously 

across the three floors to support a smooth and efficient production flow for these six 

product families. 

 

Step # Name Description  Capacity  

1 Sieving  
Mechanical machine that helps clean the powder by 

removing any clumps or unwanted materials, 
ensuring smooth texture. 

5 

2 Mixing  
Mechanical machine that combines all ingredients 
thoroughly, so the powder mix is uniform in every 

pack. 
5 

3 Packaging  
Mechanical machine that packs the final product into 

bags seals them properly, and adds labels for 
identification and shipping. 

5 

Table 3-3 Machine Capacities  
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3.6.3. Operational Data 

 Operational data is the foundation of any accurate model, particularly in 

simulation modeling. It plays a critical role when simulating manufacturing systems, 

where real-world dynamics must be accurately represented. In this case, data from 

Factory X was used to build a detailed model that reflects their actual production 

process. This information includes machine cycle times, setup durations, interarrival 

rates, product demand, and resource availability, ensuring that the simulation mirrors 

how the factory truly operates. 

 Factory X produces a wide variety of powdered mix products, which results in 

frequent changeovers and complex scheduling challenges. To gather accurate 

operational details, several interviews were conducted with both operators and 

managers to understand the flow of materials and the timing between each activity. This 

operational data was then integrated into the simulation model, defining when products 

arrive, how long each process takes, and how resources are allocated throughout the 

system. With this structure in place, the model enabled the monitoring of machine 

utilization, the testing of realistic scheduling scenarios, and the evaluation of Machine 

X’s performance. 

3.6.3.1.  Changeover Matrix 

 The sieving setups changeover matrix, as shown in Table 3-4, shows how much 

time is needed to clean and prepare the sieving machine when switching from one 

product to another. These times are based on what actually happens in the factory. A 

changeover time of 90 minutes means a wet cleaning is required. This involves fully 

washing the machine to avoid any contamination, usually when switching between 

completely different products. When the time is 30 minutes, that’s considered a dry 

changeover. No water is used, and the team simply wipes or airs out the machine. This 

is common when moving between similar products, like different types of Juice Mix. 

If the time is 0 minutes, it means there’s no changeover at all. The same product is being 

processed, so the machine keeps running without stopping. This matrix was built into 

the simulation so that the model can automatically apply the right setup time depending 

on the product sequence. Including these real-world setup rules helps the simulation 
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stay true to how the factory actually works and makes the scheduling results much more 

useful and reliable.   

 

Different changeover matrices were developed for the Packing Machine MK1 

and Packaging Machine 200Filler setup, the Packaging Machine MK2 and Packaging 

Machine MK3 setup, and Packaging Machine X, each reflecting the specific cleaning 

requirements between product transitions. In the Packing Machine MK1 and Packaging 

Machine 200Filler setup, as shown in Table 3-5, changeover times were set at 120 

minutes for full cleaning, 90 minutes for partial cleaning, and 0 minutes when no 

changeover is needed. For the Packaging Machine MK2 and Packaging Machine MK3 

setup, as shown in Figure 3-6, the corresponding times were 90, 60, and 0 minutes, 

respectively. Packaging Machine X, as shown in Figure 3-7, required longer 

changeovers, with values of 180 minutes for full cleaning, 120 minutes for partial 

cleaning, and 0 minutes when continuing with the same product. All three matrices 

were implemented in the simulation model through lookup tables to ensure that accurate 

setup times were applied based on the specific product sequences. This helped maintain 

realistic machine behaviour and supported a more precise evaluation of scheduling 

strategies. 

Table 3-4 Sieving Changeover Matrix  

Commented [LE5]: Whats MK stands for?? 

Commented [LE6]: This should start with chapter number!! 
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Table 3-5 MK1 and 200 Filler Changeover Matrix  

Table 3-6 Mk2 and MK3 Changeover Matrix  
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Table 3-7 Machine X Changeover Matrix  
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3.6.3.2. Overall Equipment Effectiveness Analysis 

Overall Equipment Effectiveness (OEE) is a common way to measure how well 

machines are performing in a factory. It brings together three key factors: availability, 

which shows how often the machine is actually running when it should be; 

performance, which looks at how fast the machine works compared to its maximum 

speed; and quality, which measures how many products come out without defects. By 

combining these three parts, OEE gives a single percentage score that helps show the 

true efficiency of a machine. A perfect score of 100% would mean the machine is 

running non-stop, at full speed, and producing only good products. In most industries, 

an OEE of 80% or above is seen as a sign of very good performance. 

In the case study, some packaging machines have lower OEE scores because of 

long changeover times and years of use, which lead to more downtime and lower 

output. For example, MK1 has an OEE of 54.79% and MK3 has 61.16%, both below 

the target of 80%. On the other hand, MK2 and M200 are performing better, with OEEs 

of 81.08% and 82.95%, showing they are more reliable and efficient.  Because of these 

differences, the factory decided to buy a new packaging machine. However, there is 

still a challenge in deciding which products should go to this new machine (Machine 

X) to get the best overall efficiency across all the machines. This shows why monitoring 

OEE is so important for keeping production smooth and meeting demand. 

3.6.3.3. Batching/Unbatching 

 In this project, batching and unbatching techniques are used to make production, 

inventory, and distribution run more smoothly. The unbatching quantity refers to the 

net weight or size of a single item, which helps calculate costs accurately, predict 

demand, and keep quality consistent for each product. The batching quantity, which is 

the number of items packed together in a carton, makes it easier to handle, store, and 

transport products. By keeping track of both these numbers, the organization can 

manage inventory more accurately, speed up packing, and keep better track of products 

throughout the supply chain. 
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 The unbatching values in Table 3-8 below  represent the weight of a single unit 

after bulk material is separated for individual processing. Ice Cream and Jelly is 

unbatched into 1 kilogram units, Cake Mix into 450-gram units, and the three Juice Mix 

products into 670-gram, 750-gram, and 2.5 kilogram units, respectively. Cooking 

Cocoa is unbatched into 80-gram units. This unbatching process ensures accurate 

material handling, proper flow within the simulation, and consistency in downstream 

operations such as sieving, mixing, and packaging. 

 

 Products by Weight 
Unbatch 

(bulk) 

Batch 

(Carton) 

1 Ice Cream and jelly (1Kg) 1kg 10 

2 Cake Mix (450gm)  450gm 12 

3 Juice Mix (670gm) 670gm 15 

4 Juice Mix (750gm) 750gm 10 

5 Juice Mix (2.5Kg) 2.5Kg 4 

6 Cooking Cocoa (80gm) 80gm 48 

 

Table 3-8 Batch and Unbatch 

3.6.4.  Numerical Data 

 In this project, numerical data refers to all the measurable information used in 

the simulation, such as product weights, setup times, batch sizes, and arrival rates. 

Using these numbers allows the model to show how the factory actually runs. It also 

helps track performance more accurately, test different scenarios, and make decisions 

based on real numbers instead of guesses. 

3.6.4.1. Processing Times 

 

Processing time refers to the total duration required to complete a specific task 

from start to finish. In the context of this project, it represents the time each machine 

takes to package a particular product. Accurately tracking these times is important for 

Commented [LE7]: The tables look ugly unless they are 

screenshot from the simulation model which is not the case here! 
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identifying inefficiencies, evaluating machine performance, and improving the overall 

flow and productivity of the production system. 

 

   MK1   MK2  MK3  M200 Machine X 

Ice Cream and jelly (1Kg) 39.58 39.58 39.58 31.67 9.5 

Cake Mix (450gm) x 87.92 x 70.33 26.38 

Juice Mix (670gm) 51.67 51.67 51.67 51.67 19.38 

Juice Mix (750gm) 46.2 46.2 46.2 46.2 17.33 

Juice Mix (2.5Kg) 17.25 x 17.25 x 5.18 

Cooking Cocoa (80gm) x x x 433.07 162.4 

 

 

The table below, Table 3-10, outlines the processing times for each product 

across different activities, including sieving, mixing, inspection, and packaging. Each 

product follows a fixed processing time within each operation, but the times vary 

from one product to another. For example, Ice Cream and Jelly requires 30 minutes 

for sieving and 45 minutes for inspection, while Juice Mix (670g) has shorter times, 

requiring only 15 minutes for sieving and 5 minutes for inspection. Packaging times 

also vary depending on the product’s weight and carton size. These differences make 

it important to schedule and assign resources based on each product's specific needs.  

 

  
Sieving 

Operation 
Mixing 

Operation 
Inspection 

Packaging per Box 
(Batch) 

Packaging per 
Carton 

Ice Cream and jelly (1Kg) 30 20 45 61.75 0.95 

Cake Mix (450gm) 40 20 60 73.85 0.8 

Juice Mix (670gm) 15 10 5 62 1.12 

Juice Mix (750gm) 40 10 5 62.37 0.76 

Juice Mix (2.5Kg) 60 10 5 35.19 0.8 

Cooking Cocoa (80gm) 30 5 0 584.64 4.25 

Table 3-9 Packaging Machines Processing Times  

Table 3-10 Activities Processing Times  
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3.6.4.2. Mean Time Between Failure & Mean Time to Repair 

Mean Time Between Failure (MTBF) is the average amount of time a machine 

or system runs before it breaks down. It is calculated by dividing the total operating 

time by the number of times the system has failed. MTBF helps measure how reliable 

a system is because a higher MTBF means the system usually runs longer without 

problems. 

Mean Time to Repair (MTTR) is the average time it takes to fix a broken 

machine or system and get it working again. This includes the time spent finding what 

went wrong, getting tools or spare parts ready, and completing the repair itself. MTTR 

shows how easy it is to maintain a system. A lower MTTR means repairs are done 

quickly, which reduces downtime and keeps everything running more smoothly  

 As shown in Table 3-11, MK2 proves to be the best-performing machine. It 

can run for around 260 hours before it needs repairs, and fixing it takes only about 30 

minutes, which makes it both reliable and quick to maintain. M200 has the same 

running time as MK2 but takes longer time to repair, around 40 minutes. MK1 also 

performs well, running for about 150 hours before breaking down and needing 

roughly 35 minutes to fix. Machine X and MK3 have shorter running times of around 

50 to 52 hours and take about 44 to 45 minutes to repair. St ill, even though the 

Machine X has a higher repair time and lower MTBF, it is still doing its job and 

helping keep daily production on track. 

Table 3-11 Shutdown   

 MTBF MTTR 

MK1 65 hr 33.7 min 

MK2 260 hr 30 min 

MK3 52 hr 44.5 min 

M200 260 hr 40 min 

Machine X 50 hr 45 min 
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C h a p t e r  F o u r  

4. MODEL DEVELOPMENT 

This chapter focuses on developing and testing a simulation model to optimize 

how products are allocated to machines in a factory with sequence-dependent tasks. 

The goal is to address key challenges such as reducing changeover times, minimizing 

cycle times, resolving bottlenecks, and lowering WIP levels.  

The factory’s production process is complex, with certain tasks requiring specific 

sequences that impact changeover durations and machine utilization. The simulation 

model replicates these operations, providing a practical way to analyze and improve 

how products flow through the system. It highlights where bottlenecks occur, evaluates 

machine workloads, and explores strategies for balancing production to improve 

efficiency. 

By using the developed model, we tested different scenarios to find the best 

sequence-dependent schedule in order to streamline operations, and reduce 

unnecessary delays. Ultimately, the model serves as a powerful tool for making better 

decisions, helping the factory meet demand more effectively while improving overall 

performance.  

4.1.  DISCRETE EVENT SIMULATION 

 Discrete Event Simulation (DES) is a powerful decision-support tool widely 

recognized for its ability to model and analyze complex manufacturing environments. 

It provides a detailed representation of real-world processes, capturing system 

dynamics, variability, and uncertainty to help optimize production systems. By 

simulating dynamic behaviors such as breakdowns, setup times, and rework, DES 

enables decision-makers to evaluate alternatives and improve key performance 

measures, including cycle times, resource utilization, and production schedules 

(Loacker et al., 2024) (Nejati et al., 2024) [21,22]. 

Commented [LE8]: The chapter includes the model not a 

preliminary ! 
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In manufacturing, DES is particularly valuable for optimizing sequence-

dependent tasks, addressing inefficiencies, and identifying bottlenecks. By visualizing 

system behaviors, it streamlines resource allocation, enhances operational efficiency, 

and supports the development of effective strategies to meet production goals. Its data -

driven approach empowers decision-making and helps improve overall system 

performance, making it a critical tool for tackling the challenges of modern 

manufacturing environments (Loacker et al., 2024) (Nejati et al., 2024)[21, 22]. 

4.2. EXTENDSIM SOFTWARE 

4.2.1. Definition and Features 

ExtendSim is a powerful simulation software designed to model and analyze 

real-world production processes. It enables users to create virtual representations of 

factory operations or system workflows, facilitating detailed study and optimization of 

these processes. The software utilizes "blocks" to represent individual steps or 

activities, such as initiating tasks, transporting materials, or executing operations. These 

blocks are interconnected to build comprehensive workflows, providing a clear 

visualization of system interactions. Key features of ExtendSim include the "Executive 

block," which oversees overall system management, the "Create block," responsible for 

generating inputs, and the "Activity block," where task durations and specific 

operations are defined. A notable advantage of ExtendSim is its ability to present results 

through intuitive visualizations, making complex data easier to interpret and supporting 

informed decision-making for process improvements (Saderova & Ambrisko, 2023) 

(Rosova et al., 2022)[23, 24]. 

4.2.2. Importance of ExtendSim 

ExtendSim is a useful tool for businesses that want to improve their processes 

without disrupting their actual operations. It lets companies test and fine -tune ideas in 

a virtual model, avoiding the risks of making changes directly in the real world. This 

helps save resources, reduce potential losses, and prevent expensive mistakes. With 

ExtendSim, businesses can find ways to boost productivity, cut down on waste, and 

make better use of their equipment and staff. The software is especially helpful in 

competitive industries where accuracy, efficiency, and good time management are key 
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to reaching goals and staying ahead.(Saderova & Ambrisko, 2023) (Rosova et al., 

2022)[23, 24].   

 

4.2.3. How ExtendSim Works 

ExtendSim operates by enabling the creation of a digital model of a production 

system, which can then be used for testing and analysis. Details such as task 

durations, equipment constraints, and system rules are input to construct the model. 

Once completed, experiments can be run to evaluate the impact of changes, such as 

adding machines or adjusting schedules. The software provides visual results, making 

it easier to identify bottlenecks, delays, or other inefficiencies. This allows for issues 

to be resolved and solutions tested virtually before implementing any real-world 

changes (Saderova & Ambrisko, 2023) (Rosova et al., 2022) [23, 24]. 

4.3. PERFORMANCE MEASURES FOR THE SIMULATION 

MODEL 

The simulation model developed for this project focuses on two key 

performance measures that are important for improving the efficiency of the 

manufacturing process. The first is average cycle time, which represents the amount 

of time it typically takes to complete the full production process for a single product. 

This measure helps identify delays, bottlenecks, or inefficiencies in the workflow. The 

second is throughput rate, which reflects the total number of cartons produced during 

a shift. This provides a clear indication of the system’s ability to meet production 

goals and handle demand. Together, these two performance measures offer valuable 

insight into how the system is functioning and support better decision -making when 

testing and comparing different scheduling scenarios.  
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4.4. SIMULATION MODEL  

4.5. BLOCKS DESCRIPTION  

 

Block 

Number 

 

Block Name 

 

Block Description 

 

1 

 

Create 

It introduces new items into the simulation model, serving as the 

entry point for the process flow. 

 

2 

 

Queue 

It holds items waiting to be processed and represents waiting lines 

or storage areas in the system. 

 

 

3 

 

 

Set 

It is used to assign, update, or change the attributes of items as they 

pass through the simulation. It can set values like batch size, 

priority level, processing time, or any other custom property that 

affects how items move through the system. 

 

4 

Select Item 

In 

It is used to choose which incoming item should enter the process 

next. It looks at the items waiting to enter and selects one based on 

rules or conditions set in the model, such as priority or arrival time. 

Figure 4-1 Factory Flow Simulation Model  
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5 

Select Item 

Out 

It helps decide which path each item should take based on its 

properties or certain conditions. It checks the details of each item 

and then sends it in the right direction. 

 

6 

Lookup 

Table 

It stores data that the simulation can check during a run. It helps the 

model quickly find an output value based on an input, making it 

easier to handle complex rules or decisions without writing out 

detailed equations. 

 

7 

Display 

Value 

It shows the current value of a variable or attribute on the screen 

while the simulation is running. This makes it easy to track key 

numbers and see how they change in real time.  

 

8 

 

Line Chart 

It is used to display data as a graph over time. It helps visualize 

trends, patterns, or changes in values during the simulation, making 

it easier to understand how the system behaves. 

 

9 

 

Get 

It is used to read or access the values of attributes that have been 

assigned to items earlier in the simulation. This information can 

then be used to guide decisions, control the flow of items, or apply 

specific rules within the model. 

 

10 

 

Activity 

It represents a process where an item stays for a certain amount of 

time. It’s often used to model operations like processing, 

assembling, or inspecting, where each item spends time before 

moving to the next step. 

 

11 

 

Resource 

Pool 

It keeps track of shared resources, such as workers, machines, or 

tools, that items may need during the simulation. It helps manage 

when resources are available or in use, making the model more 

realistic by reflecting real-world constraints. 

 

 

12 

Resource 

Pool 

Release 

It is used to return resources, like workers or machines, back to the 

resource pool after they’ve finished being used. This makes those 

resources available for other items in the simulation, helping keep 

the process flow efficient. 

 

13 

 

Shutdown 

It is used to temporarily stop or disable part of the system when 

certain conditions are met. This helps model planned maintenance, 

unexpected breakdowns, or other events that interrupt normal 

operation. 
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14 

 

Unbatch 

It is used to split a group of items back into individual items. It 

helps model processes where items that were packaged or grouped 

earlier need to continue separately through the system. 

 

15 

 

Throw Item 

It is used to send items from one part of the simulation to another 

without needing a direct link between them. It helps move items to 

the next stage by passing them to a corresponding “Catch” block. 

 

 

16 

 

 

Catch Item 

It is used to receive items sent by a “Throw Item” block from 

another part of the simulation. It brings these items back into the 

process flow at the correct location, helping to manage item 

movement across different parts of the model without direct 

connections. 

 

17 

 

Gate 

It controls whether items are allowed to pass through or must wait, 

based on conditions or signals set in the model. It helps manage 

flow by holding items back until certain criteria are met, keeping 

the process organized and synchronized. 

 

18 

 

Information 

It is used to display key details about the simulation, such as values, 

statistics, or messages. It also shows important metrics like the 

cycle time of the model, helping users track performance and 

understand how the system is working in real time. 

 

19 

 

Bar Chart 

It is used to visually display data as bars, making it easy to compare 

values quickly. It helps track and illustrate key metrics or counts 

during the simulation, so users can clearly see how different parts 

of the system are performing. 

 

20 

 

Exit 

It is used to remove items from the simulation once they have 

completed all necessary steps. It marks the end of the process flow 

for those items, helping keep the model organized and reflecting 

when products leave the system. 

 

 

21 

 

 

Statistics 

It is used to collect and report data about the simulation’s 

performance. It helps track important measures like averages, 

counts, utilizations, and totals, so users can analyze how the system 

behaves and identify areas for improvement. 

 

22 

 It is used to run and compare different what-if scenarios within the 

same simulation model. It helps test how changes in inputs or 
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Scenario 

Manager 

settings affect system performance, making it easier to evaluate 

options and support better decision-making. 

 

23 

 

Simulation 

Variable 

It is used to store a value that can change during the simulation, like 

keeping track of a number or condition that other blocks can use or 

update. 

 

24 

 

Clear 

Statistics 

It is used to reset the statistical data collected by other blocks, such 

as queues or activities. It is typically used after a warm-up period to 

ensure that only relevant data is included in the final simulation 

results. 

Table 4-1 Blocks Descriptions  

 

4.6. MODEL DESCRIPTION 

This part of the simulation, as shown in Figure 4-2, shows where each product 

enters the system and starts its process through the production line. It plays an 

important role in assigning product-specific information and improving how cycle 

time is measured. Each of the six products, including Ice Cream and Jelly, Cake Mix, 

three Juice Mixes, and Cooking Cocoa, is created using a Create block. This block 

introduces items based on how often they should arrive, according to their daily 

demand. These items then move into a Queue block that holds them until the system 

is ready, helping to manage flow and avoid overloading later steps.  

 

After the queue, each product goes through a Set Attribute block. This block 

assigns two attributes. One is the Product Type, which tells the system what kind of 

product it is. The other is Time In, which marks the start time for measuring cycle 

time. Adding the Time In attribute after the queue is intentional. It ensures the cycle 

time only includes the actual processing steps such as sieving, mixing, transporting, 

and packaging, and does not include time spent waiting in line.  

 

All six product streams are then combined into one using a Select Item In 

block. This allows the simulation to treat all product types in a consistent way and 

makes it easier to track how they move through the rest of the system.  
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By starting the cycle time measurement after the queue, the model gives a 

more realistic picture of how long it takes to process each product. This leads to 

cleaner and more reliable data that helps you compare different production scenarios 

and make better decisions about sequencing and setup changes. It is a small 

adjustment, but it makes a big difference in the quality of your results.   

 

 

 

The three blocks shown in Figure 4-3 below are used to visualize the 

production schedule, highlighting how the product flow changes over time within the 

production line. This setup helps manage how each product type is assigned to 

specific production lines and supports the testing of various scheduling strategies 

within the simulation model. 

 

The Lookup Table Block is used to define a time-based schedule for the 

simulation. It outputs a specific product type based on the simulation time, allowing 

the model to follow a pre-defined production sequence. This block plays an important 

role in reducing changeovers and balancing the production load, all while maintaining 

the output required to meet demand. 

 

Figure 4-2 Product Arrivals  
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The Display Value Block displays the current product type coming from the 

Time Block. This enables the user to see which product type is active at any given 

moment during the simulation. It is also used to track and verify schedule transitions, 

such as confirming when the product changes from Cake Mix to Juice Mix.  

 

The Graph Block generates a time-based graph that visualizes the changes in 

the production schedule. This graphical representation is helpful when analyzing or 

presenting the simulation results, as it clearly shows how product types are sequenced 

over time in response to the scheduling logic. 

 

 

 This part of the model, as shown in figure 4-4, focuses on the sieving stage in 

the production line. The sieving section of the model includes a logic structure that 

checks whether a product transition requires setup. A Get block first identifies the 

Product_Type attribute of each item. Then, a Select Item Out block compares the 

incoming product type with the last processed one. If it’s the same, the item moves 

straight to the sieving operation. If it’s different, the item is routed through a Setup 

Sieving activity. The duration of this setup is determined by a Time block connected to 

a database-driven Lookup Table known as the changeover matrix, which stores the 

required changeover times between every possible product pair. 

Figure 4-3 Base Schedule  
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 Although the number of changeovers at this stage may seem 

relatively low, as shown in Figure 4-5, this outcome is intentional and a 

direct result of the production schedule design. Instead of allowing products 

to enter the system randomly, the model uses a fixed scheduling approach 

where each product is introduced in a specific, timed sequence. This 

structured flow helps reduce how often the sieving machine needs to 

switch between different products. 

   

The schedule is controlled using a Lookup Table, as 

shown in Figure 4-6, that assigns a product to each time 

interval across a defined 672-hour cycle shown in Figure 4-7. 

By doing so, the model ensures that similar product types are  

grouped together, minimizing unnecessary changeovers. This 

organization not only keeps the line running smoothly but also 

improves production efficiency by reducing downtime between 

product switches. 

 

 

 

Figure 4-4 Sieving Operation  

Figure 4-5 Product 

Changeovers  

Figure 4-6 Scheduling Times  
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This setup helps simulate real production requirements, where powdered 

products must be sieved separately to avoid cross-contamination. By linking this logic 

with a planned production schedule, the model not only reflects operational details but 

also demonstrates how thoughtful sequencing can reduce changeover delays, lower 

cycle time, and improve overall system performance. Multiple internal databases were 

created in ExtendSim to organize and manage key data used throughout the 

simulation model. One of the most important databases was used to store the 

changeover matrix, which defines how much setup time is required when switching 

from one product to another. Each row and column in this matrix represent  a specific 

product, and the value in each cell shows the time, in minutes, needed to clean or 

prepare the equipment between two product types.  

Instead of entering these values manually into Lookup Table blocks, the 

matrix was stored in a dedicated database table, as shown in Figure 4-8, making it 

easier to retrieve and update. This method also reduces the chance of input mistakes 

and makes future changes more efficient. If setup times need to be adjusted or tested,  

they can be updated directly in the database without editing each block in the model.   

Databases were also used to store the different production scenarios that were 

tested throughout the simulation. This helped automate the comparison of multiple 

scheduling combinations and allowed the Scenario Manager to read and apply 

different product sequences and time allocations without manually updating each one. 

Figure 4-7 Production Cycle  
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Using databases in this way helped keep the model organized, improved accuracy, 

and made it easier to evaluate which strategies performed best under realistic 

production conditions.  

 

Figure 4-8 Changeover Matrix Database   

 Figure 4-9 below shows the steps that happen after the sieving process, 

starting with the mixing stage. It begins with a mixer operator resource pool queue, 

which makes sure an operator is available before mixing can begin. The item then 

goes through a mixing operation where the initial blending takes place. After that, it 

waits in a queue before moving to the add premix stage, where another ingredient is 

added. A second mixing operation follows to complete the final blend. An operator is 

also required for this step, which is why the resource is released once the mixing is 

done. After that, the product enters a queue waiting to be transported and is moved 

using the transporting block, which simulates transferring the powder to the next area.               

 The item then waits in one last queue before going through inspection, where 

it is checked for quality. Throughout the process, the product type is tracked so it can 

be directed to the correct packaging line. This part of the simulation helps show how 

the factory handles mixing, moving, and inspecting the product while also considering 

the availability of operators at each step. 

 

Figure 4-9 Mixing Operation  
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This part of the simulation shows how 

each product enters the system and is directed to 

the appropriate packaging machine, as shown in 

Figure 4-10. There are six different products, each 

with its own arrival point. Product One is ice 

cream and jelly in one-kilogram bags. Product 

Two is cake mix in 450-gram bags. Product Three 

is juice mix in 670-gram bags, and Product Four 

is another juice mix in 750-gram bags. Product 

Five is a larger juice mix packaged in 2.5-

kilogram bags, while Product Six is cooking 

cocoa in small 80-gram bags. 

 Each product enters the system through its assigned arrival block, such as 

P1_Arrivals for ice cream and jelly, and then moves into a corresponding queue (P1_Q 

to P6_Q). These queues hold the products until a packaging machine becomes 

available, which helps manage the flow and prevents the system from becoming 

overloaded. 

 The packaging machines in this section are labeled MAR001, MAR002, 

MAR003, 200FILL, and X. Each product is routed only to the machines that are suitable 

for its size and packaging type. For example, Product One can be sent to any of the five 

machines, offering the most flexibility. Product Two, the 450-gram cake mix, is limited 

to MAR002, 200FILL, or X, likely due to specific packaging requirements. Products 

Three and Four, the medium-sized juice mixes, are also compatible with all five 

machines. Product Five, which is the heaviest at 2.5 kilograms, can only be processed 

by MAR001, MAR003, or X, as these machines are better suited for larger bags. 

Product Six, the small cocoa powder, is sent only to 200FILL or X, which are more 

suitable for lightweight, fine-powdered products. 

This routing setup helps the simulation manage multiple product types 

efficiently by sending each one to the appropriate machine based on its 

characteristics. It keeps the system organized and mirrors real factory operations, 

Figure 4-10 Product Machine Allocation  



59 

where different packaging lines are assigned based on product size, weight, and 

material. 

 The section of the simulation, shown in Figure 4-11 below, controls the flow 

and setup logic for the shared packaging machine MAR001, which is used by product 

types 1, 3, 4, and 5. It begins with a Select Item In block that merges incoming items 

from these four product lines into a single stream, allowing them to access the same 

packaging resource. A Gate block follows, which controls the release of items based on 

certain logic conditions, ensuring products only move forward when the machine is 

ready to receive them. 

 Next, a Get Attribute block retrieves the product type of the incoming item. This 

information is passed to a Select Item Out block, which determines whether a 

changeover is required. If the incoming product is different from the last product 

processed on the machine, the item is routed through the setup path. If no changeover 

is needed, the item is sent directly to the packaging process.  

 When a changeover is required, the item is routed through a setup branch that 

includes a Time block. This block does not apply a fixed delay but instead refers to a 

changeover matrix stored in the project’s database. The matrix contains setup times for 

every possible transition between products. By using this matrix, the Time block 

dynamically identifies how long the changeover will take, depending on which product 

was previously run and which one is coming next. 

 The Resource Pool Queue in this model shows the need for an operator in this 

area. In this case, it simulates the operator that is needed for the changeovers and the 

cleaning of machines in between different product changes. This queue makes sure that 

the operator is available for cleaning before proceeding with the setup. The operator is 

then released, and the activities are continued, and the products carry on through the  

system to the packaging machine.                                                                               n 
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.  

 The Shutdown Block is used to simulate equipment breakdowns and repairs, 

helping make the production model more realistic by reflecting unexpected stops or 

maintenance events. In this example, which comes from one of the production lines, 

failures are based on time and happen independently of any specific condition. The 

block is set to trigger a failure every 3,900 minutes, followed by a fixed repair time of 

33.7 minutes, as shown in Figure 4-12. These values are just one case and do not apply 

to every machine in the model. Other machines may have different failure patterns and 

repair times depending on their role and how often they are used. 

 By including this block in 

the model, the simulation more 

closely reflects real factory 

conditions where machines can 

break down and require repairs. 

This helps produce more accurate 

estimates of downtime, lost 

capacity, and the overall impact on 

cycle time and throughput. 

Factoring in shutdown behavior 

during scenario testing also makes 

it possible to evaluate how 

different production schedules 

perform under realistic operating 

conditions, which is important when 

selecting plans that are both efficient and reliable.  

Figure 4-11 Automated Packaging Station  

Figure 4-12 Shutdown Block  
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 This process is repeated across five different production lines, each representing 

a separate packaging machine. While the overall flow and setup remain the same, the 

processing times vary depending on the machine used and the type of product being 

packaged. This helps the simulation reflect the unique performance of each line while 

keeping a consistent structure throughout the system. 

 After products finish the automated packaging step, they go through two manual 

packaging steps to get them ready for shipping. In this part of the model, as shown in 

Figure 4-13, the Packaging in box block represents the part where each bag is put into 

a box, and the process time is based on the whole batch instead of each single bag.  

 Once the batch is packed into boxes, the model uses a Get block to read the 

Product_Type attribute for each item. This detail is important because each product 

type might need a different number of bags in each carton. The product type is then sent 

to a Lookup Table block, which holds data showing exactly how many bags should go 

into one carton for each product type. This step helps make sure the manual Packaging 

in carton part of the process puts the right number of bags in each carton, depending on 

the product type.  

 Finally, after the cartons are formed, the select item out directs each carton to 

the correct output path (P1, P3, P4, or P5), depending on the type of product it 

contains. This setup helps keep the packaging process organized and makes sure that 

different product types are sorted and sent to their correct destinations, reflecting a 

real-world factory flow from items to boxes, and from boxes to cartons. 

 

This manual packaging process is carried out across five production lines, 

following the same steps of first packing bags into boxes and then grouping those 

boxes into cartons, before directing them to the correct output path based on product 

type.  
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This part of the model, as shown in Figure 4-14 shows the final output stage, 

where the results from all six product lines, Product One to Product Six, are collected 

and reviewed. Each line is connected to an information block that tracks important 

details like the cycle time for each product and the total number of units produced by 

the end of the simulation. This helps show how long each product takes to complete 

and how much was made. 

All six product flows are then brought together using a Select Item In block, 

which combines them into one stream. That combined flow goes to a final 

information block that shows the total cycle time for the whole system. This makes it 

easier to see how efficiently everything is 

running overall. 

To help visualize the output, a bar 

graph is included at the bottom left of the 

model. It shows the number of units 

produced for each product, giving a quick 

and clear view of the production levels 

across all six lines. Altogether, this part of 

the model gives a clear picture of how 

each product performed and how the 

entire system worked as a whole. 

 

Figure 4-13 Manual Packaging Station  

Figure 4-14 Output Stage of the Model  
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Figure 4-15 shows the resource pools used in the simulation to manage the 

availability of workers for key operations. The Packaging Setup Operator is used 

whenever a changeover is needed, such as when switching from one product to 

another, so that the machine can be cleaned or adjusted before continuing. The Mixer 

Operator works during the mixing stage, helping with tasks that need human 

supervision or input. Each of these resource pools includes three operators , as shown 

in Figure 5-16, so only three tasks of that type can happen at the same time. If all 

three are busy, the system has to wait until one becomes available. The Statistics 

block on the right is used to monitor the utilization of all activities in the model. This 

helps track how busy each part of the system is and can highlight areas where 

improvements are needed. Together, these blocks make the model feel more realistic 

by accounting for real-life constraints like limited labor and machine usage. 

 

 

 

 

 

Figure 4-15 Resource Pools  Figure 4-16 Number of Resources  
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4.7. PERFORMANCE EVALUATION 

4.7.1. Average Cycle Time 

The average cycle time is an important 

performance measure that indicates how long it takes, 

on average, for a unit to move through the entire 

system from entry to exit. The average cycle time 

was 36,274.2 minutes, as shown in Figure 5-17. This 

includes the time spent in processing and any 

movement between different parts of the system. To 

measure this accurately, the "Time IN" attribute was 

assigned in the Set block placed immediately after 

the queue. This ensures that the cycle time starts only 

when the unit begins actual processing. 

 

By starting the time measurement after the queue, the focus is placed on the 

performance of the system during the main processing phase. The cycle time is 

completed when the unit exits the system. This setup provides a better understanding 

of how efficiently the system operates and helps identify areas where time may be 

reduced to improve overall performance. 

4.7.2. Throughput Rate 

The throughput rate is a key performance metric that indicates how many units 

are completed or produced within a specific period of time, as shown in Figure 5-18. 

In this simulation model, throughput is measured in cartons, which is the standard unit 

used to represent the output of each product type. The model tracks the flow of six 

different powdered food products, and by the end of the 4-month period, a total of 

77,673 cartons were produced across all product types, as shown in Figure 5-19. 

Figure 4-17 Information Block  
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To measure this, each production line is connected to an Information block, 

which counts the number of cartons exiting the system. These blocks continuously 

monitor the flow and record the output in real time throughout the simulation. The 

collected data is then displayed in the Statistics block, which provides a clear 

numerical summary of the total production volumes for each individual product type, 

as well as the combined output. 

 

In addition to numerical reporting, the model uses visual tools to better 

illustrate throughput performance. Line chart blocks connected to the Information 

blocks display how production levels change over time, helping identify patterns such 

as consistent production periods or fluctuations between product types , as shown in 

Figure 4-20. Additionally, a bar chart is used to provide a clear visual comparison of 

the total number of cartons produced per product type, as shown in Figure 4-21. This 

graphical representation makes it easier to evaluate the relative performance of each 

production line and supports quick, informed decision-making for improving 

production planning and balancing output across the different product types. 

Figure 4-18 Number of Throughput   Figure 4-19 Throughput Per Product Type  
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4.8. MODEL VERIFICATION AND VALIDATION 

4.8.1. Model Verification 

 

Model verification is the process of checking that the simulation model was 

built correctly and performs as expected based on the system’s design. In this project, 

the model was carefully reviewed to ensure that all components were properly 

connected and followed the intended workflow. Different scenarios and input values 

were tested to confirm that the outputs were consistent and reasonable. The simulation 

was also examined step by step, and the model was paused at different points to 

predict the next event, then resumed to compare the actual behavior with the expected 

outcome. This helped ensure that the sequence of events and block interactions 

matched the logic of the real system. The movement of items through the model was 

traced to verify that they followed the correct paths, and ExtendSim’s animation 

feature was used to observe the system’s performance visually. Additional checks 

were made for specific functions, such as confirming that processing times adjusted 

correctly during changeovers. These verification steps helped ensure that the model 

accurately reflects the real operation of the powder mix production process and 

behaves as expected under various conditions 

Figure 4-20 Throughput Line Chart  Figure 4-21 Throughput Bar Chart  
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4.8.2. Model Validation 

 

Model validation is about making sure that a simulation model behaves in a 

way that accurately reflects the real-world system it represents. It's a key step in the 

modeling process because it helps confirm that the model’s results are trustworthy and 

meaningful. Validation gives confidence that the logic, data, and assumptions used in 

the model are appropriate and that the outcomes can be relied on when making 

decisions. This process often includes checking model outputs against actual data or 

expert expectations. When a model is properly validated, it can be used confidently to 

test different scenarios, improve operations, and support strategic planning . 

 

To ensure the model is properly validated, a standard validation equation was 

used to compare the simulation results with real-world data, allowing the percentage 

error to be calculated and the accuracy of the model to be assessed.  

Calculated as: 

 

(𝑆𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑉𝑎𝑙𝑢𝑒 – 𝐴𝑐𝑡𝑢𝑎𝑙 𝑉𝑎𝑙𝑢𝑒)/ 𝐴𝑐𝑡𝑢𝑎𝑙 𝑉𝑎𝑙𝑢𝑒 𝑥 100 = % 𝑜𝑓 𝐸𝑟𝑟𝑜r 
 

(77,686 – 80,900)/ 80,900 𝑥 100 = 3.98% 𝑜𝑓 𝐸𝑟𝑟𝑜𝑟 
 
 

The validation shows that the simulation model gives results that are very 

close to what would be expected in real life. The model predicted a total output of 

77,687 cartons, as shown in Figure 4-22, while experts estimated around 80,900 

cartons for the same period. This small difference, with an error of just 3.98%, means 

the model is performing accurately. Such a low error confirms that the logic, data, and 

structure of the model are reliable. Because of this, the model can now be used with 
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confidence to test different production scenarios, make improvements, and support 

planning decisions, without needing to test every change in the real production line.  

 

 

 

Figure 4-22 Model Throughput 
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C h a p t e r  F i v e  

5. EXPERIMENTATION RESULTS AND ANALYSIS 

 This chapter presents the experiments and results from a simulation model 

developed using ExtendSim to schedule jobs involving sequence-dependent 

changeover times. The objective was to identify the most efficient job sequence 

that minimizes average cycle time and enhances overall system performance.  

 The model was used to simulate a variety of random job sequences, with 

each run capturing key performance indicators such as cycle time, resource 

utilization, and throughput. Since the time required to switch between jobs 

depends on their sequence, the experiments were designed to explore 

combinations that reduce these changeover times. 

 A "what-if" analysis approach was applied, changing input parameters, 

running simulations, analyzing outcomes, and then adjusting inputs for further 

testing. This iterative process enabled a deeper understanding of how different job 

sequences affect system behavior. 

 The results showed that specific sequences led to lower average cycle 

times by minimizing delays and making more efficient use of resources. These 

findings not only demonstrate the effectiveness of the simulation model in 

optimizing job scheduling but also provide useful insights that can help improve 

scheduling in real-life operations.  

5.1.  SIMULATION PARAMETERS  

5.1.1. Warmup Period 

 In simulation modelling, the warm-up period is used to allow the system to 

move from its initial, often unrealistic state to a more stable and typical operating 

condition. During the early phase of a simulation, performance measures such as 

throughput can be unstable due to starting conditions like empty queues or idle 
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machines. Collecting data during this time can lead to biased or inaccurate results. To 

ensure reliable analysis, data collection begins only after the system reaches steady -

state behavior. 

 In this case, the simulation model was run for a total of 161,280 minutes across 

20 independent runs to analyze system performance over time. The primary 

performance measure examined was based on throughput, which showed the most 

noticeable variation during the early stages of the simulation. By observing the 

throughput curve, it became clear that the system experienced fluctuations at the 

beginning but eventually stabilized. After analyzing the graph, it was determined that 

the system reached a steady state at 21,530 minutes. This point was selected as the end 

of the warm-up period because the throughput rate became more consistent and 

reflected the system's typical behavior. By identifying 21,530 minutes as the warm-up 

duration, all data collected before this point was excluded from the analysis, as shown 

in Figure 5-1. This approach helps eliminate initialization bias and ensures that the 

performance results reflect the long-term behavior of the system rather than the 

temporary effects of start-up conditions. 

 

Figure 5-1 Graph After Warmup Period  
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5.1.2. Number of Replication  

In simulation modeling, running the model several times is important because 

each run can produce slightly different results due to the variations involved. Since 

each simulation run is influenced by different input conditions or timing of events, the 

outcomes can vary. To account for this, the model was executed 20 times, with each 

run producing slightly different results. This approach provides a better view of how 

the system behaves under different conditions and helps produce more accurate 

average values. To make sure the results were accurate and not affected by short -term 

fluctuations, the model's performance, specifically the average cycle time was 

examined across all runs. This was done after applying a warm-up period of 21,530 

minutes to remove the impact of the initial adjustment phase. The results were tracked 

and plotted to observe when the average stabilized, as shown in Figure 5-2. Although 

20 replications were performed, the graph showed that the cycle time began to 

stabilize after the 8th replication. From that point, the values showed minimal change, 

and the confidence interval became much tighter. This indicates that 8 replicat ions 

would have been sufficient to produce stable and statistically reliable results , as 

shown in Table 5-1. However, completing all 20 replications added confidence and 

ensured greater accuracy in the final outcomes. 

 

Table 5-1 Average Cycle Time Replications 
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Figure 5-2 Average Cycle Time Graph  

5.1.3. Run Length 

 Determining the right run length is a key step in ensuring the accuracy of 

simulation results. The run length defines how long the simulation runs during each 

replication, and it should be long enough to gather sufficient performance data. In this 

project, a run time of 161,280 minutes was selected per replication, as shown in Figure 

5-3, based on the system’s actual working schedule. The calculation was made using 7 

working days per week, across 4 weeks each month, for a total of 4 months. With 2 

shifts per day, each shift lasting 12 hours, and 60 minutes per hour. The total simulation 

time adds up to 161,280 minutes. 

 This time frame was chosen to fully capture the system’s behavior under 

continuous operation. Running the model for this duration ensures that the data 

collected reflects realistic and consistent performance, allowing for more accurate 

evaluation of key metrics like cycle time and throughput.  



73 

 

Figure 5-3 Run Length 

5.2. DESCRIPTION OF EXPERIMENTS 

In this powdered food mix factory, changeovers between products are costly in 

both time and efficiency due to setup and cleaning requirements. Because each 

product has unique processing times and works better on certain machines, the order 

in which they are scheduled has a significant impact on the total cycle time, the 

utilization of machines, and the number of units that can be produced. This makes 

production sequencing a key factor in improving overall system performance.  

 To improve the performance of changeovers and optimize the production 

process, a total of 206 different scenarios were tested in this project using a variety of 

scheduling strategies. Out of these, 100 scenarios focused on changing the sequence in 

which the products were introduced, while keeping the original run times fixed. 

Another 100 scenarios kept the product sequence unchanged but varied the amount of 

time each product was produced. The remaining 6 scenarios were designed to explore 

seasonality, simulating what would happen if one product experienced a spike in 

demand and was run for a longer period, while the remaining products shared the 

leftover time equally. These variations allowed for a comprehensive comparison of 
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cycle times and throughput across different scheduling approaches, helping identify the 

most efficient production setups and reduce unnecessary changeovers.  

The company focuses on two main performance measures to evaluate each 

experiment: the average cycle time, which is the time it takes to produce one batch, 

and the production throughput, which is the total number of batches produced during 

the simulation period. The goal is to find the best setup that minimizes the time per 

batch while maximizing the total output over the time the model is running. 

5.2.1. Base Scenario Analysis 

After running the simulation with the initial parameters, the model provided 

results on two key performance indicators: the average cycle time and the total 

number of batches completed during the simulation. These results, detailed in Table 

5-2, serve as a baseline for evaluating system performance. Using this baseline, 

several new scenarios were designed and tested to explore ways of reducing 

production time and increasing output. The purpose of these experiments is to identify 

more efficient production schedules that can improve the overall operation of the 

powdered food mix line. 

Performance Metrics Results 

Average Cycle Time 36,267 minutes 

Throughput 77673 Cartons 

Product Sequence 1-2-3-4-5-6 

Table 5-2 Base Scenario  

5.2.2. Scenario 1  

While there are over 720 possible sequencing combinations for scheduling six 

products, this study tested 100 selected scenarios to compare how different sequences 

perform. Each scenario was evaluated based on key outputs such as average cycle 

time and total number of units produced. 
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This type of scenario testing is essential because it allows for data-driven 

decisions about which sequence minimizes downtime and maximizes efficiency. By 

identifying the best performing sequences, the factory can reduce bottlenecks, 

improve resource usage, and enhance overall productivity without needing to change 

physical operations, only the production order. 

 

Figure 5-4 below shows how ExtendSim’s Scenario Manager was used to test 

100 different production sequences. In each scenario, the total production time of 672 

hours is divided equally between the six products, so every product gets 112 hours of 

production. What changes from one scenario to the next is the order in which the 

products are scheduled across the six time blocks, starting at hour 0, then  112, 224, 

336, 448, and finally 560.  

 

 

Table 5-3 below displays a selection of 20 example production scenarios taken 

from a total of 100 tested, offering a snapshot of how different product sequences 

impact performance. Each scenario maintains a fixed total run time of 672 hours, with 

only the order of product batches changing. The column labeled “Avg_CT” represents 

the average cycle time recorded for each scenario, while “Number of Units” shows 

the total output during the simulation. By comparing these metrics, it becomes 

possible to evaluate which sequences result in shorter processing times. Among the 

Figure 5-4 Scenario Manager 1  
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scenarios listed, Scenario 45 achieved the lowest average cycle time at 36,298.237 

minutes, making it the most time-efficient of the full set. These results help identify 

more effective batch schedules that reduce changeovers and idle time, contributing to  

smoother production flow and better overall plant performance.   

 

 

Table 5-3 Scenario 1 

5.2.3. Scenario 2 

 The second analysis prioritized scenarios based on the highest number of 

completed units rather than just speed. While many scenarios produced a similar 

number of units, Scenario 53 slightly outperformed the others with 77,766 units, 

making it the top performer in terms of output, as shown in Table 5-4. Although its 

cycle time was not the shortest, this scenario demonstrates that optimizing solely for 

production volume can yield different results than optimizing for speed. This highlights 

the importance of selecting evaluation criteria that align with specific operational goals. 

Scenario # Hour 0 Hour 112 Hour 224 Hour 336 Hour 448 Hour 560 Avg_CT Number of Units

45 4 6 2 3 1 5 36298.237 77667

13 4 6 5 2 3 1 36298.716 77673

63 5 2 4 3 6 1 36300.218 77667

91 5 2 3 1 6 4 36303.219 77668

18 5 1 2 4 3 6 36304.004 77673

61 5 2 6 4 1 3 36242.014 77667

32 4 6 3 2 5 1 36242.057 77667

4 6 2 3 4 1 5 36243.477 77667

76 5 2 4 1 3 6 36267.959 77658

71 5 3 2 4 1 6 36267.981 77658

77 5 1 4 6 3 2 36268.135 77673

85 5 2 1 3 6 4 36269.82 77673

100 4 2 1 3 6 5 36278.525 77673

11 4 6 5 1 3 2 36278.784 77667

27 5 1 3 6 4 2 36278.94 77667

48 4 6 2 5 3 1 36278.955 77673

97 5 3 2 6 1 4 36279.903 77667

5 5 1 4 3 2 6 36263.999 77673

50 4 6 3 1 5 2 36264.004 77668

9 1 3 4 2 6 5 36264.137 77673
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  Table 5-4 Scenario 2 

5.2.4. Scenario 3 

 

Figure 5-5 below shows how ExtendSim’s Scenario Manager was used to test 

100 different production scenarios. In each one, the total production time for all six 

product types is fixed at 672 hours. What changes from scenario to scenario is how 

those 672 hours are divided among the six products. Instead of giving each product 

the same amount of time, the schedules vary. Some products are assigned more hours, 

others less depending on the strategy being tested. 

 

This experiment was done to better understand how different time allocations 

affect overall performance. For every scenario, the model calculates two key results: 

the average cycle time and the total number of items produced during the full 

simulation period of 4 months. 

 

Scenario # Hour 0 Hour 112 Hour 224 Hour 336 Hour 448 Hour 560 Avg_CT Number of Units

23 5 1 3 2 6 4 36257.134 77673

24 5 1 3 4 2 6 36276.416 77673

25 5 1 3 4 6 2 36255.895 77673

26 5 1 3 6 2 4 36278.3 77673

52 5 1 4 2 6 3 36287.167 77673

57 5 2 6 1 3 4 36271.441 77673

58 5 2 6 1 4 3 36256.784 77673

66 5 3 1 4 6 2 36264.587 77673

67 5 3 1 6 2 4 36287.836 77673

21 5 1 2 6 4 3 36278.339 77667

27 5 1 3 6 4 2 36278.94 77667

31 4 6 3 5 1 2 36278.309 77667

32 4 6 3 2 5 1 36242.057 77667

53 4 5 6 1 3 2 36253.375 77766

1 1 2 3 4 5 6 36267.255 77673

2 6 5 4 3 2 1 36284.939 77673

88 5 2 1 6 3 4 36277.631 77667

90 5 2 3 1 4 6 36283.47 77667

93 5 2 3 4 6 1 36247.653 77667

95 5 2 3 6 4 1 36290.116 77667
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Figure 5-5 Scenario Manager 2 

 

Table 5-5 presents a selection of 20 scenarios out of the 100 that were 

simulated in ExtendSim, specifically chosen to compare cycle time performance. 

Each scenario assigns a specific runtime in hours to the six different products, 

ensuring the total production time remains within the defined limit of 672 hours. The 

scenarios were selected based on their average cycle time results, with the goal of 

identifying which time allocations led to the most efficient production performance. 

 

The highlighted row, Scenario 97, achieved the lowest average cycle time of 

36,235.329 minutes, making it the most efficient configuration not only among the 20 

shown but across all 100 scenarios tested. This suggests that the way production time 

was allocated across the six products in this scenario led to fewer disruptions and a 

more continuous flow. The reduced cycle time may be attributed to minimized 

changeover times between products and better sequencing that allowed equipment to 

be used more effectively.  



79 

 

 

 

 

Table 5-5 Scenario 3 

 

5.2.5. Scenario 4 

 

Table 5-6 shows 20 selected scenarios from the 100 tested in ExtendSim, this 

time focusing on total production output. Each scenario keeps the total runtime fixed 

at 672 hours but adjusts how that time is split between the six products. 

Scenario 51 stands out with the highest number of units produced, reaching 77,766. 

While its cycle time is not the lowest, its time allocation across the products led to 

better overall throughput. This suggests that giving more time to products with faster  

processing or fewer changeovers can significantly improve output, making Scenario 

51 the most productive setup among all tested.  

Scenario # Product 1 Product 2 Product 3 Product 4 Product 5 Product 6 Avg_CT Number of Units

40 128 124 106 97 123 94 36264.247 77667

17 111 99 100 113 113 136 36264.581 77673

37 95 120 124 109 109 115 36264.823 77667

67 113 120 104 109 118 108 36264.961 77673

86 116 135 125 103 104 89 36265.249 77667

68 119 116 112 114 98 113 36265.432 77667

50 113 116 119 110 100 114 36266.098 77673

87 135 88 115 115 110 109 36277.568 77667

75 112 104 114 108 115 119 36277.571 77668

36 130 110 121 93 101 117 36277.628 77667

4 122 117 113 101 104 115 36277.879 77673

100 119 122 99 120 107 105 36285.767 77673

99 127 111 124 110 97 103 36286.143 77673

97 114 98 114 130 106 110 36235.329 77667

35 118 100 104 108 120 122 36237.625 77667

2 117 114 123 102 95 121 36243.007 77667

93 122 110 117 119 95 109 36243.86 77668

78 120 100 126 94 121 111 36245.051 77667

94 116 107 125 102 107 115 36248.439 77667

41 140 128 116 104 101 83 36304.931 77673
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Table 5-6 Scenario 4 

5.2.6. Scenario 5 

 

Figure 5-6 Scenario Manager 3  

In this set of scenarios, shown in Figure 5-6, we explored the effect of 

assigning longer production durations to individual products while keeping the total 

production cycle fixed at 672 hours. In each scenario, one product is given a runtime 

of 150 hours, while the remaining five products each receive 104.4 hours. This 

maintains the total cycle time (150 + 5 × 104.4 = 672 hours) and allows us to simulate 

what would happen if one product experienced a spike in demand during a particular 

Scenario # Product 1 Product 2 Product 3 Product 4 Product 5 Product 6 Avg_CT Number of Units

100 119 122 99 120 107 105 36285.767 77673

12 102 113 115 126 99 117 36299.075 77668

51 96 103 132 109 123 109 36263.603 77766

1 117 115 96 106 124 114 36287.123 77673

3 104 116 99 123 114 116 36284.356 77673

91 113 119 106 112 117 105 36298.393 77668

93 122 110 117 119 95 109 36243.86 77668

95 113 113 98 114 105 129 36298.55 77668

2 117 114 123 102 95 121 36243.007 77667

5 131 109 107 87 118 120 36285.453 77667

6 126 104 111 106 123 102 36281.466 77667

11 120 106 103 112 118 113 36299.416 77667

92 109 97 123 113 123 107 36251.534 77667

94 116 107 125 102 107 115 36248.439 77667

97 114 98 114 130 106 110 36235.329 77667

9 102 117 112 105 128 108 36282.248 77658

27 116 109 112 102 120 113 36281.853 77658

42 114 107 127 117 102 105 36268.177 77658

44 106 116 113 120 105 112 36257.309 77658

33 104 120 108 119 103 118 36299.906 77673
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season. For instance, Juice Mix (2.5 kg) might be prioritized in the summer, while 

Cocoa (80 gm) might require more production time in the winter. Each scenario tests 

a different product in the high-demand slot to reflect these seasonal shifts, as shown in 

Table 5-7. This approach helps identify how prioritizing one product over others 

affects the average cycle time and total output, and supports better planning for 

seasonal production strategies. 

 

 

Table 5-7 Scenario 5 

5.3. RESULTS AND ANALYSIS 

The results of the different scenarios tested in the simulation model were 

analyzed to evaluate their impact on production performance. Each scenario followed 

a unique sequence for scheduling the six product types. Using the key performance 

metrics, average cycle time and total number of units produced, the analysis compared 

how each sequence performed. The results, as shown in Table 5-8 and Table 5-9, 

include a comparison between the tested scenarios and highlight which ones achieved 

better efficiency. Some sequences led to shorter cycle times and higher output, 

showing that adjusting the production order can improve the overall performance of 

the system. 

 

 

Table 5-8 Sequence Based Result Summary 

Scenario # Product 1 Product 2 product 3 Product 4 Product 5 Product 6 Avg_CT Number of Items

1 150 104.4 104.4 104.4 104.4 104.4 36284.385 77667

2 104.4 150 104.4 104.4 104.4 104.4 36246.756 77673

3 104.4 104.4 150 104.4 104.4 104.4 36299.913 77667

4 104.4 104.4 104.4 150 104.4 104.4 36288.376 77667

5 104.4 104.4 104.4 104.4 150 104.4 36252.397 77667

6 104.4 104.4 104.4 104.4 104.4 150 36294.279 77658

Performance Metrics Base Scenario Scenario 1 Scenario 2

Average Cycle Time (min) 36,267 36,242.01 36,253.38

Throughput (Cartons) 77,673 77,667 77,766

Product Sequence 1-2-3-4-5-6 5-2-6-4-1-3 4-5-6-1-3-2
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Table 5-9 Time Based Result Summary  

Based on the comparison shown in the tables above, it is clear that different 

scenarios offer different advantages depending on the performance objective. If the 

primary goal is to minimize the average cycle time, then Scenario 3 is the most 

effective choice, as it achieves the lowest cycle time among all tested scenarios. On 

the other hand, if the focus is on maximizing total production output, then Scenario 4 

should be selected, as it results in the highest number of units produced. This 

comparison highlights the importance of aligning the production scheduling strategy 

with the specific performance goals of the factory.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scenario 3 Product 1 Product 2 Product 3 Product 4 Product 5 Product 6

Scheduling time 114 98 114 130 106 110

Average Cycle Time (min)

Throughput (Cartons)

Scenario 4 Product 1 Product 2 Product 3 Product 4 Product 5 Product 6

Scheduling time 96 103 132 109 123 109

Average Cycle Time (min)

Throughput (Cartons)

Scenario 5 Product 1 Product 2 Product 3 Product 4 Product 5 Product 6

Scheduling time 104.4 150 104.4 104.4 104.4 104.4

Average Cycle Time (min)

Throughput (Cartons)

36,235.33

77,667

36,263.60

77,766

36,246.76

77,673
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6. CONCLUSION 

 In conclusion, the simulation model developed for this project proved to be a 

valuable tool for evaluating the impact of different production sequences in a powdered 

food mix factory. By accounting for sequence-dependent changeover times and testing 

a wide range of scheduling scenarios, the model provided meaningful insights into how 

production order affects key performance metrics such as average cycle time and total 

output. The results clearly showed that adjusting the sequence of products can 

significantly enhance overall system efficiency by minimizing unnecessary 

changeovers and making better use of production time. 

The model’s ability to generate and compare multiple scenarios allowed for 

informed decision-making, supported by quantitative data rather than assumptions. Its 

validation against expected real-world throughput further confirmed its accuracy and 

reliability. These outcomes demonstrate the practical benefits of using simulation to 

test and refine production strategies before implementation. 

To build on these findings, it is recommended that the company considers 

implementing lean scheduling methods such as a Kanban system. Kanban uses visual 

signals to control production based on actual demand, helping to reduce excess 

inventory, minimize waiting times, and maintain a steady workflow, which is especially 

useful in systems with costly changeovers. Another effective strategy is CONWIP, 

which limits the total number of items in the system and provides more flexibility when 

managing different product types. Both methods can support better flow and reduce 

delays. 

These strategies can be integrated into the current simulation model to assess 

their impact on performance under various conditions. This allows decision -makers to 

test potential improvements in a risk-free environment before making changes on the 

shop floor, using the model as a tool for both evaluation and continuous improvement.  
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