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Last Mile Delivery challenges

• accounts for 40% of delivery costs and 
time

• congested urban areas
• dealing with traffic
• finding appropriate parking 

• e-commerce has made deliveries smaller 
and more frequent

• in-practice VRP variants used for 
planning

• organizational silos
• lack of evidence (financial)

• Advance the EUs strategy for Smart, 
Green and Integrated Transport & 
Logistics

• Development of EGTN concept



Green EU-Global Trade & Logistics Networks 
(International Logistics Systems)
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about this research

• integration of collaborative and Physical 
Internet principles in LMD operations

• Enable efficient urban logistics and to aid 
the transition towards a PI paradigm 

• simulated environment through the 
development of a  digital twin to analyse

• Order sharing
• Fleet sharing

• Research questions after Literature Review:
• Analyse impact of PI strategy through DT

• Order-sharing
• Dynamic fleet-sharing

• Green vehicles performance in PI

approach
• Baseline (as-is) scenario: 

• multiple companies deliver parcels to customers using 
their own distribution centres and fleet

• Collaboration scenario: 
• companies’ distribution centres are used as shared 

urban consolidation centres (UCC), in which orders can 
be redistributed and vehicles can be shared

• a dynamic reshuffling process is established in this 
scenario, which matches delayed vehicles with vehicles 
that have buffer capacity to mitigate the impact of 
arising delays in daily operations.

• Collaboration + green vehicles scenario:
• complemented by the use of green vehicles and cargo 

bikes to further drive down emissions and assess if 
there is an associated performance loss.

scope



Digital Twin
A digital twin was developed using multi-agent simulation techniques, incorporating information about the 
logistics network, process characterization, parameters, algorithms, and logical rules. This approach enables 
the simulation of complex scenarios, testing of potential solutions, and provides insights into the network's 
performance and optimization possibilities.

Dynamics 
of the 

network

Collection 
of KPIs



Digital Twin
The digital twin utilizes multi-agent simulation techniques to represent key agents and their interactions 
within the last mile delivery network. Agents have their own states, make intelligent decisions, communicate, 
and respond to changes and parameters.

Main agents:

• Hubs: represent places where goods are stored, 
transferred, or handled in the network, and from where 
vehicles depart.

• Orders: customer demand. Encapsulate goods in 
intelligent and interconnectable modular containers, 
enabling efficient flow in hyperconnected logistics 
networks.

• Tours: routes assigned to vehicles to complete orders.

• Transports: vehicles that travel routes, delivering and 
picking up orders.

Example of state chart for transport agents



Digital Twin (Video)






Scenarios

1) Business as usual
2) Collaboration, 3) e-vehicles & 
cargo bikes

• Collaboration scenario:
• two UCCs’ for order sharing
• fleet sharing/ parcel reshuffling



fleet sharing/ parcel 
reshuffling

• Last mile collaboration for 
dynamically addressing 
delays

• Automates and optimizes 
reshuffling process that is 
currently undertaken 
manually aiming to make it 
more efficient

• Interoperates with last 
mile routing service and 
HM interface



DT dynamic fleet handling

• DSS
• tracks delivery progress
• Effectively explores collaboration options 

in proximity
• Single-operator
• Multiple operators

• Reroutes to alleviate late deliveries and 
non-completion



DT dynamic fleet handling



Findings – impacts of technologies
KPI S1. As-is S2. To-Be Change

Distance (km) 585 180 -69%
Emissions (kg 

CO2)
285 0 -100%

Cost (€) 3080 2230 -28%
Fill rate (%) (Load 

factor)
20 % 50 % +30%

Lead Time (h) 6 5 -17%
Number and type 

of Vehicles
9 conventional 

vans
3 e-Vans + 

5 cargo 
bikes



concluding remarks

• DT can contribute to assess technology scenarios (IoT, blockchain, AI/ML, 
eVs) in LMD

• Order & fleet collaboration drives the majority of savings
• Parcel reshuffling

• Single operator reshuffling meaningful in low-demand
• Multiple-operator collaboration meaningful in high-demand

• Further research to address financial aspects, fully consider eVs operational constraints



thank you!
https://www.planetproject.eu 
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