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Abstract 

Heavy Goods Vehicles (HGVs) present a difficult decarbonisation challenge, and an Electric Road System 
(ERS) with overhead cables on trunk roads has been identified as potentially the most cost-effective solution 
to decarbonise the UK road freight sector. Research has demonstrated the feasibility of ERS in Germany 
(Boltze, 2020), Sweden and Norway (Singh, 2016; Taljegard et al., 2020), and Belgium (Aronietis and 
Vanelslander, 2021), while the ‘ELISA’ ERS trial has been in operation in Germany since 2019 (Schöpp et 
al., 2021). The German demonstrator is based on the Siemens eHighway system as shown in Figure 1. 

 
Figure 1: The Siemens eHighway system (Siemens Mobility GmbH, 2021) 

One of the major benefits of an ERS over electric HGVs without ERS is the reduction in the battery 
capacities to complete comparable journeys. In this study, we calculate the battery capacity requirements of 
real UK logistics journeys against a range of alternative UK ERS network sizes (0 , 2750, 5500, and 8500 
km of network coverage in both travel directions, equating to 0, 5500, 11000, and 17000 lane-km) and 
alternative on-route static charging scenarios (none, drop-off charging, and rest stop charging). A set of data 
for logistics journeys was obtained from freight operators in the UK, from which a sample of ‘edge-cases’ 
were identified in each of the following journey types: ‘warehouse to warehouse’, ‘multi-drop’, and 
‘tramping’. Simulations of a 44 tonne HGV completing these journeys were then carried out using a 
validated vehicle dynamics model. The simulated battery state-of-charge profiles were then used to estimate 
the theoretical battery capacities required for each of these journeys. 
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The results have shown that an ERS can effectively reduce battery sizes for all static charging scenarios. 
For example, comparing a ‘big-battery’ scenario (no ERS) with an ERS ‘Light’ scenario (2750 km of ERS), 
both with rest stop charging, the ERS reduced battery sizes from 755-910 kWh (median 847 kWh) to 181-
794 kWh (median 492 kWh). ERS ‘Medium’ (5500 km) would reduce battery sizes further to a median 
value of 290 kWh. Drop-off charging was shown to have a significant impact on reducing battery sizes in 
all cases (by up to 68% in one case), but with significant cost implications for retailers and warehouses. 

It is interesting to compare the ‘big-battery’ scenarios with either rest stop or drop-off charging (or no static 
charging) against the ‘pure’ ERS scenarios with no static charging, as shown in Figure 2. From this, it can 
be seen that ERS is highly effective at reducing battery sizes in general, but that certain challenging tramping 
and multi-drop journeys which comprise significant off-ERS kilometres may still require larger batteries on 
an ERS ‘Light’ or ‘Medium’ scenario. These types of journeys could be supported by a small network of 
static charging sites off the ERS network. 

 
Figure 2: A comparison of dedicated ‘big-battery’ (BB) and ERS scenarios 

Future work will investigate the cost and carbon emission implications of the various ERS and static 
charging scenarios, especially the trade-off of installing ERS infrastructure versus having larger batteries 
and higher-powered static charging sites. The simulations will also be extended to cover a wider range of 
UK journeys to give a broader statistical view of battery size requirements. 
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