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Introduction 
This paper aims to evaluate strategies for decarbonizing an inland multi-modal freight 

system in the UK, with a focus on road freight. To encourage the shift to lower carbon intensity 

modes, two decarbonization strategies were evaluated, i.e., the use of alternative energy sources 

in road freight transport and the use of carbon pricing.  

Large-scale experiments in the real world are risky; hence this work adopts an agent-

based modelling approach (Utomo et al., 2021; Wang et al., 2019). It is an approach to 

modeling complex systems that are difficult or impossible to simulate using deterministic 

means. This is done by describing the behaviour of multiple system entities (agents) and then 

allowing them to interact to simulate the complex system. The agents are autonomous, and 

each agent can make its own decisions to respond to changes in its environment and learn to 

improve its performance. These flexibilities make the agent-based approach suitable for 

modelling a complex adaptive system. 

We have developed a high-fidelity agent-based model (ABM) for an inland multi-

modal freight system. The objective of the ABM is to describe the mode share under a variety 

of energy sources used and vehicle technologies adopted (battery electric vehicles and 

hydrogen fuel cell vehicles). Moreover, the ABM can project the effect of carbon pricing on 

the selection of lower carbon intensity freight modes.  

The model has been exercised to: 

• Evaluate the impact of electrifying road freight via Battery Electric Vehicles (BEV) 

and the impact of Hydrogen Fuel Cell Vehicles (HFCV) on modal splits and carbon 

emissions. 

• Evaluate the changes to modal split and carbon emissions as a consequence of carbon 

pricing in a system with BEVs and HFCVs available. 

Multi-modal freight transportation ABM 
The ABM was developed using the Anylogic platform. The ABM describes cargo 

transportation from the port of Grimsby and Immingham (port agents) to 382 warehouses 

(warehouse agents) in the UK by road, rail, and inland waterways (see Figure 1.1). The ABM 

was populated with real cargo, location, and warehouse sizes data. The port agents act as the 

sender, and the warehouses act as receivers. The demand attracted by a warehouse was 

proportional to its relative size, i.e., bigger warehouses tend to attract more demand. 

The port and warehouse agents were connected by road, rail, and inland waterway 

networks provided by OpenStreetMap and UK government (Department for Transport, 2017). 

For each pair of origin and destination, travel distances were calculated based on the mode 

being considered, e.g., when considering the freight train, the length of the rail network 



connecting the port and the nearest city to the warehouse was used. Travel times were then 

estimated based on the travel distances and average travel speeds. 

The mode choices were modelled at an aggregate level; we used probabilities from a 

multinomial logit model (de Jong et al., 2004; Department for Transport, 2020) for all 

alternatives (i.e., road, rail, inland waterways) as their share. The probabilities of choosing an 

alternative depend on the generalized cost of this alternative relative to those for all alternatives. 

The generalized cost includes the transport cost, the cost of transport time (we put an economic 

value to transport time), and the cost of carbon emissions (Wardman & Toner, 2020). Figure 

1.2 describes the steps in estimating the financial and carbon impacts.  

The ABM can determine the percentage of freight transported by road, rail, and inland 

waterways. At a system level, in addition to the mode shares, the model can calculate the total 

carbon emissions (million tCO2e) and the total cost (£) for each system configuration (i.e., a 

particular energy source used and vehicle technology adopted).   

  

1.1 Snapshot of modelling environment 1.2 Steps in estimating impacts 

Figure 1:  an agent-based modelling framework 

Experiments, results and findings 
The first experiment using the ABM aims to test the impacts of adopting BEVs and 

HFCVs. The impacts of the vehicle types are determined using the efficiency of the existing 

technologies and the expected efficiency of the technologies in 2030. The experiment results 

show that BEVs outperform HFCVs both in terms of carbon savings and monetary benefits 

because of the low well-to-wheel emissions and costs of BEVs. Moreover, road freight 

transport that is electrified becomes attractive, and demand shifts slightly from rail and inland 

waterways freight transport to road freight transport. 

The second experiment aims to test the impacts of different carbon prices, assuming 

expected vehicle energy efficiencies in 2030. The experiment results show that as carbon prices 

rise, demand shifts from rail and inland waterways transport to BEV and HFCV-equipped road 

freight transport. But this shift did not produce significant carbon emissions reduction benefits.  

These results suggest that carbon price increases cannot be the primary way to achieve 

a low-carbon future but should be considered to incentivize the use of low-carbon modes, such 

as BEVs and HFCVs. Efforts to reduce carbon emissions should focus on fundamental system 

changes in energy sources used, vehicle technologies adopted, and their associated energy 

efficiencies.  



Conclusions 
We have developed an ABM that can describe an inland multi-modal freight system 

was developed. Experiments using this model show that the introduction of electric road freight 

vehicles will reduce the modal share of other carbon fuelled modes and achieve significant 

carbon reductions. Furthermore, the work shows that carbon pricing has minimal effect on 

modal choice and carbon emission reductions while promoting technological innovations 

associated with vehicle energy efficiencies has a bigger impact on decarbonizations effort. 

Finally, the work has shown that BEVs generate a bigger overall cost benefit and larger carbon 

reduction than the adoption of HFCVs. ABM’s capability to demonstrate the impact of 

different technology and carbon pricing may reduce the uncertainty when developing the most 

effective decarbonization strategy. 

 

Reference 

de Jong, G., Europe, R., Leeds, I., Bakker, S., Pieters, M., & Wortelboer-Van Donselaar, P. 
(2004). NEW VALUES OF TIME AND RELIABILITY IN FREIGHT TRANSPORT IN THE 
NETHERLANDS. 

Department for Transport. (2017). Domestic Waterborne Freight: 2017: notes and definition. 
https://www.gov.uk/government/statistics/domestic-waterborne-freight-2017 

Department for Transport. (2020). TAG UNIT M2.1 Variable Demand Modelling. 
https://www.gov.uk/transport-analysis-guidance-tag 

Utomo, D. S., Gripton, A., & Greening, P. (2021). Long Haul Logistics Using Electric Trailers by 
Incorporating an Energy Consumption Meta-Model Into Agent-Based Model. 
Proceedings - Winter Simulation Conference, 2020-December, 147–158. 
https://doi.org/10.1109/WSC48552.2020.9383999 

Wang, S., Correia, G. H. D. A., & Lin, H. X. (2019). Exploring the Performance of Different On-
Demand Transit Services Provided by a Fleet of Shared Automated Vehicles: An Agent-
Based Model. Journal of Advanced Transportation. 
https://doi.org/10.1155/2019/7878042 

Wardman, M., & Toner, J. (2020). Is generalised cost justified in travel demand analysis? 
Transportation, 47, 75–108. https://doi.org/10.1007/s11116-017-9850-7 

  


