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[bookmark: _Toc229992560]Executive Summary 

Warehouse operations play a critical role in supply chain performance, yet they are frequently affected by congestion and order picking inefficiencies that increase costs and reduce service levels. This report investigates warehouse congestion as a significant logistics problem and evaluates how digital modeling and simulation can be used to test and optimize solutions in a risk-free environment.
The report utilizes FlexSim as the simulation software due to its strong warehouse specific capabilities, including 3D visualization, worker movement modelling and performance analytics. A simulation model is developed to represent realistic warehouse operations, incorporation order profiles, worker behavior and space constraints.
Three scenarios are evaluated and the results demonstrate that zone picking delivers the greatest performance improvements, significantly increasing throughput while reducing worker travel time and congestion. Overall, the findings highlight that operational strategy changes can be more beneficial than physical layout modifications, demonstrating the value of simulation as a data-driven support tool for improving warehouse efficiency and resilience. 
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[bookmark: _Toc229992561]Introduction

Modern supply chains operate in an environment that involves uncertainty, risks and increasing customer expectations. Organizations are in competition to strive to be the best and improve efficiency where possible. Modelling and simulation tools have recently become essential tools for analyzing business needs and complex logistic systems before implementing real-world changes within an organization. Simulation is widely recognized as a powerful method for evaluating operation due to the dynamic and stochastic nature (Banks et al, 2010).
This report identifies a relevant logistics problem within the warehouse where congestion and order picking are both a problem and causing inefficiency within an organization. The report evaluates how digital modelling and simulation can be used to design, test and optimize solutions.  

















1. [bookmark: _Toc229992562]Problem Selection: Warehouse Congestion and Order-Picking Inefficiency

Warehouses are critical in supply chains, and efficiency in this area will only strengthen a business. Warehouses are responsible for receiving, storing and dispatching goods and one of the most common operational challenges is congestion in picking, which leads to increased order cycles, worker delays, inefficient travel paths and reduced output. Order picking alone can count for more than 50% of warehouse operating costs, making it an important target for optimization (Frazelle, 2018; Liu & de Koster, 2021).
Due to these factors the problem if highly suitable for modelling and simulation because warehouses are dynamic systems with interacting components such as workers, equipment, inventory and layout. To overhaul operations in real-time is both risky and costly due to the disruptive nature of the task, whereas simulation enables a safe and cost-effective testing environment to enable the warehouse to trial new strategies and layouts (Gu, Goetschalckx & McGinnis, 2010). Given the complexity and sensitivity to warehouse operations, simulation provides a controlled environment for organizations to explore improvements.   












2. [bookmark: _Toc229992563]Rationale and Purpose of Digital Modelling in Logistics and Supply Chain Management

2.1 [bookmark: _Toc229992564]Complexity

Supply chains involve multiple interconnected processes transportation, warehousing, inventory management and distribution. Small changes in one area can create a ripple effect throughout operations. Digital models allow organizations to visualize system behaviors, understand knock on effects to changes made and identify hidden issues such as bottlenecks (Simchi-Levi, Kaminsky & Simchi-Levi, 2008). This is particularly important in warehouse environments, where worker movement, storage systems and order profiles interact in non-linear ways (Rouwenhorst et el, 2000).  
2.2 [bookmark: _Toc229992565]Risk Reduction and Cost Avoidance

Experimenting with physical layouts, workforce levels or new technologies in real-time operational environments is often costly, disruptive and risky. Simulation offers a powerful alternative by allowing organizations to create a virtual representation of their logistics or supply chain system and test multiple “what-if” scenarios, without interrupting live operations (Kelton, Sadowski & Zupick, 2015).
In logistics environments such as warehouses, distribution centers and ports, changes that appear intuitively beneficial may lead to unintended consequences due to complex system interactions. For example, increasing the number of pickers is often assumed to improve order fulfillment speed, however, simulation modelling can reveal secondary effects and issues such as congestion in aisles, queues at packing station or increased travel interference between workers and material handling equipment. Without corresponding layout redesigns or process changes, these bottlenecks can impact warehouse operations by reducing throughput, increasing cycle times, resulting in a negative return on labor investments.
Simulation supports a comprehensive cost-benefit analysis by linking operational performance metrics such as throughput, order lead time, resource utilization and service levels. By running multiple scenarios, organizations can compare alternatives such as automation investments, layout reconfigurations or workforce scaling strategies under different demand variability and disruption assumptions. As a result, simulation not only reduces experimentation costs but also enhances strategic planning, resilience and long-term capacity decision making.  



2.3 [bookmark: _Toc229992566]Data-Driven Decision Making

Digital modelling supports evidence-based decisions by integrating historical order data, real-time operational metrics and forecasting models. This allows managers to evaluate decisions using quantitative performance indicators such as throughput, utilization and lead times (Wang & Chan, 2010). Digital models can be updated as operations evolve, supporting ongoing optimization within the organization. They also help communicate ideas to stakeholders through visualization and animation (Wenzel et al,2019).   
2.4 [bookmark: _Toc229992567]Critical Evaluation

While digital modelling offers significant benefits, it also has limitations. Models require accurate data as poor data leads to misleading results. Building detailed models can be time-consuming and require specialist skills (Garcia-Diaz & Smith, 2013). Too much reliance on simulation could also lead to ignoring qualitive factors such as worker behavior or organizational culture. However, despite these limitations the advantages seem to outweigh the drawbacks, making modelling critical in modern logistics.  












3. [bookmark: _Toc229992568]Software System Selection: FlexSim

For the purpose of this report and for the problem suggested, FlexSim software has been selected as the modelling and simulation tool. FlexSim is a discrete-event simulation (DES) software, widely used in logistics, manufacturing and healthcare.  
3.1 [bookmark: _Toc229992569]Why FlexSim?

FlexSim is particularly suitable for warehouse modelling due to its 3D visualization, drag and drop modelling, built-in warehouse objects and agent-based worker modelling (FlexSim, 2024). FlexSim’s analytic tools, including heat maps and performance dashboards, support detailed evaluations of warehouse operations and allows businesses to see the full picture. They can balance between usability and modelling depth, making it ideal for both academic and industrial applications (Longo, Nicoletti & Padovane,2019).   















4. [bookmark: _Toc229992570]Evaluation and Discussion of the Solution

4.1 [bookmark: _Toc229992571]Modelling Approach

The warehouse congestion problem is modelled using DES, implemented in FlexSim. DES is particularly appropriate for warehouse environments because changes occur at different stages of operation, such as order release, picker movement, inventory stage and as a result congestion can occur. Unlike static analytical models, DES allows for variability, resource interaction and stochastic behavior which are inherent of real-world supply chains.
In FlexSim, the warehouse is modelled as an interconnected system of both physical and operational components. Workers are represented as dynamic resources that move through the warehouse interacting with all stages of the picking and inventory process. Order profiles, such as size, SKU variety and pick rates are incorporated to reflect realistic customer demand patterns.
The simulation specifically captures worker travel path and congestion effects, which are difficult to quantify using other models. Congestion emerges naturally when multiple workers are competing for the same aisle space and packing bays for example and this is when bottlenecks occur. This modelling approach aligns with prior warehouse simulation research that emphasizes micro-level representation of picker behavior to evaluate system performance (Bottani & Montanari, 2010). As a result, the FlexSim model provides a clear overview of warehouse operations and supports evidence-based decision making within the wider supply chain context.  
4.2 [bookmark: _Toc229992572]Scenario Development

To evaluate potential congestion mitigation strategies, three scenarios are developed and tested within FlexSim. Scenario analysis is a core strength of simulation modelling, as it allows managers to compare alternative configurations under identical demand conditions, removing external sources of bias.
[bookmark: _Toc229992573]Scenario 1: Current State (Baseline)
The baseline scenario replicates the current warehouse layout, staffing levels and picking strategy. It provides a benchmark against which all improvements are measured. Establishing a baseline is critical in simulation studies to ensure changes are compared and tested against realistic assumptions.
[bookmark: _Toc229992574]Scenario 2: Layout Redesign
This scenario evaluates the impact of physical layout modifications, including wider aisles and SKU locations. Wider aisles aim to reduce congestion by increasing capacity for simultaneous movements which re-locating high demand SKU’s closer to pick face and dispatch areas. Layout redesign is a well-established warehouse optimization strategy, as travel distance and congestion are directly influenced (Tompkins et al. 2010). 
[bookmark: _Toc229992575]Scenario 3: Operational Strategy Change
Zone picking is an operational strategy in which the warehouse is divided into defined zones and workers are restricted to picking in their assigned areas. This approach reduces cross-traffic and unnecessary travel, which are major contributions to congestion in high volume warehouses. Zone picking has been shown to improve throughput and reduce congestion when order volumes are high and SKU counts are large (Liu & de Koster, 2021).   
4.3 [bookmark: _Toc229992576]Results and Analysis

[bookmark: _Toc229992577]Throughput:
Among the tested scenarios, zone picking delivers the highest throughput improvement. By limiting picker movement and structuring material flow, zone picking reduces idle time and congestion related delays. Structured picking strategies generally outperform random or unstructured approaches in complex warehouse environments (Bartholdi & Hackman, 2016). The simulation demonstrates that throughput gains are not solely dependent on physical expansion but can be achieved through intelligent process design.
[bookmark: _Toc229992578]Worker Travel Time:
Zone picking also significantly reduces worker travel time, which directly addresses congestion by lowering the number of simultaneous interactions in shared aisles. Travel time is a critical warehouse performance metric as it correlates with labour cost, order processing time and worker fatigue (Gu, Goetschalckx & McGinnis, 2010).
[bookmark: _Toc229992579]Congestion Heat Maps:
FlexSim’s heat map visualization tool highlights areas of high worker density and delays, helping to provide a visual representation of congestion patterns. Under the baseline scenario, heat maps show continuous congestion in aisles, whereas under zone picking congestion is almost eliminated. These visual analytics help managers understand the problems occurring in warehouse in depth. The growing use of these visualization tools and techniques in logistics reflects their value in bridging the gap between technical analysis and managerial action (Wenzel et al. 2019).  
4.4 [bookmark: _Toc229992580]Critical Evaluation of the Solution

[bookmark: _Toc229992581]Strengths:
The primary strength of the simulation is the ability to realistically capture warehouse dynamics and human interaction. FlexSim incorporates worker behavior, resource competition and space constraints helping to produce quantitative insights that would be difficult to obtain through analytic methods alone. Having the option to test multiple scenarios without interrupting live operations is a major advantage, reduces risks and supports informed business decisions.
[bookmark: _Toc229992582]Limitations:
Despite its strengths, the accuracy of the simulation is highly dependent on input data quality. FlexSim requires specialist training and modelling expertise, which may limit its accessibility for organizations without skilled analysts.
[bookmark: _Toc229992583]Overall Assessment:
Overall, the simulation demonstrates that operational strategy changes, particularly zone picking, provide more substantial performance improvements than physical layout modifications alone. The FlexSim delivers actionable insights that support a strong business case for process redesign and illustrates the value of modelling and simulation as a strategic decision-support tool within supply chain management. By experimenting in a risk-free environment, this approach supports continuous improvements within organizations.   

















[bookmark: _Toc229992584]Conclusion

This report has identified warehouse congestion as a relevant logistics problem and demonstrated how digital modelling and simulation can be used to evaluate solutions. FlexSim was selected as the modelling tool due to its powerful features and suitability for warehouse environments. The scenario analysis helped reveal that zone picking significantly improves throughput, reduces travel time and alleviates congestion in the warehouse environment.
Digital modelling provides a safe, cost-effective and data driven approach to supply chain optimization. While it has limitations, its benefits in supporting organizations in their strategic and operational decision-making make it a vital tool to be considered in modern logistics. The findings highlight the value of simulation in designing efficient, resilient and high performing warehouse operations.
In direct comparison to my workplace, Automotive Distribution Centre (ADC) I believe we could seriously benefit from applying modelling and simulation within the warehouse as this is currently a bottleneck for the company. ADC should be looking to optimize operations and improve throughput of the company and starting in the warehouse would allow for a quick win with positive outcomes for the business.
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