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This report analyses the delivery challenges faced by GrocerQuick, an online grocery delivery service. The aim is to design a practical and realistic route optimisation solution that reduces fuel consumption, ensures efficient allocation of orders, and guarantees that no delivery is more than 30 minutes late.
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GrocerQuick operates in a highly time-sensitive environment where customer satisfaction is strongly influenced by delivery punctuality. Late grocery deliveries can result in spoiled goods, complaints, and reputational damage. The core challenge is therefore not simply delivering orders, but doing so within strict time limits while also keeping operational costs, such as fuel consumption, under control.
From a systems perspective, this problem can be broken down into three interacting components: orders, delivery vehicles, and routes. Orders vary in location and required delivery times; vehicles have limited capacity and availability; and routes must be planned under traffic and distance constraints. This aligns closely with the Vehicle Routing Problem with Time Windows (VRPTW), a well-established problem in logistics and operations research [1].
To prioritise requirements clearly, the MoSCoW technique is applied. This helps distinguish between essential constraints and desirable improvements, ensuring the solution remains focused and realistic.
Must Have:
- All orders must be delivered.
- No delivery may arrive more than 30 minutes late.
- Each order must be assigned to exactly one route.
- Travel times must be estimated before dispatch.

Should Have:
- Routes that minimise total distance travelled.
- Reduced fuel consumption.
- Balanced workload across drivers.
- Consideration of traffic delays.

Could Have:
- Real-time GPS tracking.
- Customer delivery notifications.
- Predictive traffic modelling.

Won’t Have (within scope):
- Autonomous vehicles.
- Drone deliveries.

Key variables in the system include order location, expected delivery time, maximum allowable delay, vehicle capacity, estimated travel time, traffic adjustment factors, and fuel consumption per kilometre.
[bookmark: _Toc216868615]2. Proposed Solution and Explanation
The proposed solution uses a heuristic-based route optimisation approach. Rather than attempting to find a mathematically perfect solution, which would be computationally expensive, the system prioritises meeting delivery deadlines first and improving efficiency second. This reflects how real-world logistics systems are typically managed [2].
Orders are first sorted by their expected delivery deadlines. This ensures that the most time-critical orders are handled early, reducing the risk of late deliveries. Vehicles are then evaluated to determine whether they can serve an order within the 30-minute tolerance window.
Fuel efficiency is addressed by grouping geographically close orders and optimising routes to minimise total travel distance. Shorter routes directly reduce fuel consumption, which aligns with established logistics principles [3]. Traffic conditions are incorporated using an adjustment factor, acknowledging that travel times are not static.
Figure 1 below shows the flowchart representing the logical steps of the proposed process.
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A key decision point in the process is whether a vehicle can deliver an order within the allowable time window. If not, the system attempts to allocate the order to another vehicle. Orders that cannot be assigned are flagged for manual intervention, ensuring that service reliability is prioritised.
This approach ensures that time constraints are enforced at the planning stage rather than reacting to failures after dispatch. By embedding punctuality into the allocation logic, GrocerQuick can significantly reduce the likelihood of late deliveries.
[bookmark: _Toc216868616]3. Reflection and Justification
Several problem-solving techniques were used in developing this solution. Abstract thinking allowed the complex real-world delivery operation to be simplified into key components such as orders, vehicles, and routes. Subdividing the problem made it easier to address allocation, routing, and timing separately.
Systems thinking was particularly important, as changes in one part of the system (for example, traffic delays) can have cascading effects on delivery performance [4]. The heuristic approach chosen reflects a practical balance between optimality and operational feasibility.
However, the solution has limitations. Travel time estimates may be inaccurate due to unpredictable traffic. Additionally, the greedy nature of the assignment process may not always produce a globally optimal route plan. Despite these limitations, the approach is suitable for a fast-paced delivery environment where decisions must be made quickly.
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