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[bookmark: _Toc229579857]1. Introduction
Logistics and supply chain operations are increasingly require to operate with greater efficiency, flexibility and resilience In response to rising cost pressures, increasing customer service expectations and heightened operational risk. Factors such as fuel price volatility, labour availability, regulatory compliance and fluctuating demand have significantly increased the complexity of transport operations. Within this context, intuition and experience based decision making alone is no longer sufficient to support effective logistics management. Organisations are therefore required to adopt data driven approaches that enable informed evaluation of system performance and improvement opportunities.
As a result digital modelling and simulation have become essential components of modern process improvement frameworks in day to day logistics and supply chain management. These tools allow real world systems to be represented virtually, enabling proposed changes to be tested and evaluated before physical implementation. By quantifying the impact of alternative designs on cost, capacity utilisation and service levels, digital modelling reduces the risk associated with strategic and operational change. As Shapiro (2007) highlights, modelling enables decision makers to understand interactions. Constraints and trade offs within complex supply chain systems that are not visible through traditional analysis alone.
This report critically evaluates the application of digital modelling and simulation to a real world logistics problem involving the transition from an in-house transport fleet of eight drivers to a fourth party (4PL) solution provided by XPO Logistics. The modelling activity utilised Paragon route optimisation software to assess routing efficiency, fleet structure, capacity utilisation and cost-to-serve. By analysing the outputs of the model, the report demonstrates how digital modelling supported structural redesign of the transport network, informed outsourcing decisions and contributed to a sustainable process improvement.






[bookmark: _Toc229579858]2. Problem Definition and Operational Context
Tata Lisburn historically operated an in-house transport fleet consisting of eight drivers serving a combination of regional and long distance deliveries. While this provided a level of direct operational control, several inefficiencies were consistently observed. These included high fixed operating costs associated with drivers wages and vehicles, manual route planning reliant on local knowledge, underutilisation of vehicles on certain routes and significant levels of empty running, particularly on long distance return journeys.
Beyond cost efficiency, the in-house fleet model introduced substantial operational risk. Driver availability was highly sensitive to sickness absence, annual leave and working time regulations, reducing the organisation’s ability to maintain consistent service levels without external support. Long distance deliveries frequently removed drivers from the operation for multiple days, resulting in reduced regional capacity and increased reliance on overtime or external cover. During periods of peak demand, this lack of flexibility increased service risk, while during quitter periods drivers and assets where underutilised.
Management time was increasingly absorbed by reactive transport planning, driver cover arrangements and compliance management, limiting the organisation’s ability to focus on strategic improvement activities. These factors collectively reduced the resilience, scalability and sustainability of the logistics operation, prompting consideration of alternative operating models. Due to the financial and service risk associated with implementing change without prior evaluation, this problem was well suited to digital modelling and simulation.








[bookmark: _Toc229579859]3 Rationale and Purpose of Digital Modelling in Logistics
[bookmark: _Toc229579860]3.1 Digital modelling within a process improvement framework
Digital modelling plays a central role in contemporary process improvement methodologies, enabling evidence based decision making and risk reduction. Rather than relying on historical performance or incremental change, modelling allows organisations to analyse complete system designs under different assumptions.
Shapiro (2007) argues that supply chain modelling enables managers to understand structural interdependencies that are not visible through operational performance data alone. In this case, modelling supported a redesign of the transport network rather than marginal efficiency improvements.
3.2 Comparison with value stream mapping
Value stream mapping (VSM) is a widely used lean tool that visualises material and information flows. While effective for identifying waste, VSM provides a static view of processes and cannot model routing complexity, capacity integration or variability.
Digital modelling complements VSM by enabling quantitate scenario testing. Tipi (2021) notes that optimisation based modelling tools translate conceptual improvement ideas into measurable operational outcomes, supporting more robust decision making.
[bookmark: _Toc229579861]3.3 Strategic role in supply chain management
From a strategic perspective, transport systems are particularly suited to modelling due to their non-linear behaviour. Small changes in routing structure, fleet allocation or driver availability can result in disproportionate impacts on cost and service performance. Digital modelling enables these interactions to be analysed systematically, reducing reliance on intuition and reducing the risk of unintended consequences in this case, modelling supported both operational redesign and strategic decision making, aligning logistics performance with broader organisational objectives.






[bookmark: _Toc229579862]4. Modelling Approach and Software Selection
Paragon route optimisation software was selected to support this modelling exercise due to its suitability for complex transport planning problems. The system allows detailed representation of delivery locations, time windows, vehicle capacities, driver working time regulations and cost parameters. Paragon applies optimisation algorithms to generate efficient routing solutions and supports comparison of alternative fleet and network configurations.
The model was populated using historic delivery data, fuel and operating cost information, driver schedules and asset constraints. Assumptions were made regarding demand stability and regulatory compliance. While these assumptions were necessary for model construction, it is important to recognise that modelling outputs represent decision support rather than exact predictions. As Robinson et al. (2001) note, digital models should be continuously reviewed and refined following implementation to ensure ongoing relevance as operating conditions change.















[bookmark: _Toc229579863]5. Evaluation of the Modelled Solution
[bookmark: _Toc229579864]5.1 Initial modelling outputs
Initial modelling indicated that the delivery network could be serviced more efficiently by a 4PL solution than by the existing in-house fleet. Improvements were identified in total mileage, asset utilisation and cost structure. However, further efficiency gains were identified through route segmentation.
[bookmark: _Toc229579865]5.2 Cost Pressure Associated with the In-house Transport Fleet
A detailed evaluation of the in-house fleet cost structure reinforced the strategic case for outsourcing. Fuel costs represented a significant variable expense, with high exposure to price volatility and limited opportunity to benefit from economies of scale. Unlike a 4PL provider operating across a wider network, fuel purchasing efficiency was limited and directly impacted operating cost uncertainty.
Vehicle related cost, including maintenance, insurance, inspections and trailer hire further contributed to inefficiency. Trailer hire was sized to peak demand, resulting in periods of underutilisation during lower activity levels. These costs persisted irrespective of route productivity or delivery volume.
Labour costs presented the most significant structural constraint. Driver wages were incurred regardless of utilisation levels, with additional indirect costs arising from sickness absence, annual leave entitlement and statutory obligations. When drivers were unavailable, the organisation either absorbed service risk or incurred additional expenditure for temporary cover. Importantly, long distance non-core deliveries regularly removed drivers from the operation for extended periods, reducing regional delivery capacity and increasing operational stress.
The transition to outsourcing did not immediately eliminate labour costs. During the transition period, employed drivers continued to be paid while external transport solutions were utilised, resulting in short-term cost duplication. Digital modelling enabled the risk to be anticipated and managed strategically, ensuring that outsourcing decisions were aligned with long-term efficiency rather than short-term cost avoidance.



[bookmark: _Toc229579866]5.3 Core and Non-Core Route Segmentation
Paragon routing outputs enabled deliveries to be segmented into core and non-core routes. Core deliveries consisted of high frequency, geographically clustered locations within Northern Ireland, while non-core deliveries involved low frequency, long distance destinations outside the core region. This segmentation proved critical in redesigning the transport operating model.
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[bookmark: _Toc229315590][bookmark: _Toc229317816]Figure 1 output of local deliveries                                                        Figure 2 Non-Core deliveries
[bookmark: _Toc229579867]5.4 Core Fleet Model: Four Drivers, Five Days per Week
Following segmentation, the modelling demonstrated that all core deliveries could be serviced by four dedicated drivers operating five days a week, each with a target of two deliveries per day. High route density enabled predictable utilisation and eliminated capacity loss. Further analysis showed that to support flow and reduce cost the current trailer fleet could be reduced from 16 on hire trailers to 12.
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[bookmark: _Toc229317817]Figure 3 Data output of local deliveries 
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[bookmark: _Toc229317818]Figure 4 Data output of assets required to service cores
[bookmark: _Toc229579868]5.5 Non-Core deliveries and Tramper Drivers
Non-core deliveries were reassigned to tramper drivers through the 4PL on a fixed cost per delivery basis. This prevented drivers being unavailable for multiple days and eliminated empty return mileage. Banks et al. (2013) identify empty running as a key inefficiency often only exposed through simulation.
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[bookmark: _Toc229317819]Figure 5 Example of subbed frequency and cost estimate

[bookmark: _Toc229579869]6. Critical discussion and Learning Outcomes
This case demonstrates that digital modelling and simulation enables structural process improvement rather than incremental adjustment. While Value Stream Mapping provided useful conceptual insight, only digital modelling revealed the full impact of routing structure, capacity loss and cost behaviour within the logistics system. Modelling supported evidence based evaluation of alternative designs, directly addressing the role of digital modelling within a process improvement framework.
Outsourcing transport functions introduced risks associated with reduced direct control and supplier dependency. However, modelling mitigated these risks by supporting fixed-rate contract structures, performance benchmarking and governance arrangements. This aligns with Shapiro’s (2007) assertion that effective supply chain modelling should support both system design and managerial control. While the case is context specific, the principles of route segmentation and modelling-led outsourcing decisions are transferable to other logistics environments with similar characteristics.






[bookmark: _Toc229579870]7. Conclusion
This report has critically evaluated the role of digital modelling and simulation in the redesign of a real-world logistics operation. Through the use of Paragon route optimisation software, the organisation moved beyond experience based decision making and gained visibility of inefficiencies inherent in the existing in-house fleet model, including capacity loss, empty running and exposure to fixed and volatile costs.
The modelling process enabled segmentation of deliveries into core and non-core routes, supporting a structurally improved operating model. A stable core fleet of four drivers operating five days per week was established for regional deliveries, while long distance deliveries were outsourced to tramper drivers through a 4PL provider at a fixed cost. This approach improved cost certainty, protected regional capacity and increased operational resilience.
Critically, digital modelling also highlighted transitional and hidden cost factors, including labour cost duplication during outsourcing, fuel price exposure, trailer underutilisation and driver availability risk. By identifying these factors in advance, the organisation was able to manage change in a structured and controlled manner. Overall, the case demonstrates how digital modelling and simulation support sustainable logistics process improvement and strategic decision making.
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Delivery Day  Subbed Deliveries Customer Name B customerLocation B Delivery Dayll  Two WayKms Bl One WaykKmsBll  One Way Miles Bl Cost

Mon 6 Dundalk Fabrication & Coatings Ltd Dundalk 6,000 Mon 144 72 45 £235.00
Tue 7 Firebird Heating Solutions Limited Co Cork 29,000 Mon 878 239 273 £818.25
Wed ) Future Grass Technology Limited Borris 4,000 Mon 544 272 169 £591.59
Thu 10 Grant Engineering (Ireland) Co. Offaly 29,000 Mon 587 293 182 £637.86
Fri 6 Inishowen Celtic Iron Limited Carndonagh 1,000 Mon 303 151 %4 £357.48
Total 33 SB Steel Limited Co. Carlow 24000 Mon 291 246 153 £534.29
Average ‘Smyth Trailers EU Limited Bagenalstown 26000 Mon 538 269 167 £584.63
Grant Enaineerina (Ireland) Co_ Offaly 24000 Mon 587 293 182 163786
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