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Abstract 

In July 2019, the UK Government revised the Climate Change Act to mandate net zero Greenhouse Gas 
(GHG) emissions by 2050 [1], and shortly afterwards held a public consultation on banning the sale of new 
diesel trucks in the UK from 2040. These developments emphasise the need for profound change across 
several sectors including electricity generation, domestic heating, industry, agriculture, and especially 
transport. While road freight transport provides a vital service to the UK, it is a significant source of GHG 
and noxious emissions. Heavy Goods Vehicles (HGVs) carry 90% of the UK’s goods lifted and are 
responsible for 16% of road transport emissions, but they constitute a ‘difficult-to-decarbonise’ sector due 
to their high power and range requirements [2], [3]. 

If the UK is to achieve its net zero mandate, a suitable zero-emission alternative to the current diesel-
powered HGV is needed. For the UK’s long-haul fleet, one candidate to deliver a net zero solution is an 
Electric Road System (ERS), based on the mature ‘eHighway’ overhead catenary system developed by 
Siemens [4]. Initial studies suggest that a national ERS will enable net zero HGVs in the UK at the lowest 
cost and energy demand [5]. In this work, a robust framework has been developed to assess the feasibility 
of a national ERS to decarbonise HGVs and compare it with alternative solutions. 

The framework comprises four steps:  

1) Vehicle Technology Options 
Several possible GHG reduction solutions exist for HGVs: Internal Combustion Engines (ICE) with biofuels 
or synthetic fuels, full battery electric HGVs, electric HGVs using an ERS as a source of external energy 
supply, and electric HGVs using hydrogen as a source of on-board energy supply. The key success criterion 
to assess the various solutions is the aggregated GHG emissions between now and 2050. 

2) Operational Requirements 
It is important to develop a national-level picture of logistics and HGV movements, and this has been 
performed using various data sources. Each data source is used differently in the analysis to develop a single 
picture of the movements in the UK, and there are broadly three categories of journey types: warehouse-to-
warehouse, multi-drop, and tramping journeys. Special consideration is given to difficult edge cases that 
will test the limits of a national system definition in the following step.  

3) Infrastructure System Definition 
The national charging infrastructure will comprise the ERS (‘catenary’) system which will be installed on a 
significant fraction of the UK’s major road network, plus a supplementary network of static charging sites 
which will cater for those vehicles which, at any point in time, will be operating significant distances off the 
ERS. The framework considers different levels of ERS coverage from no coverage (a pure battery electric 
solution) up to an extensive network that covers over 15,000 lane-km, and the associated public static 
charging requirements in each case. The length of ERS will have a significant impact on the number and 
size of static charging sites needed and the required vehicle battery capacities; the longer the ERS, the fewer 
and less powerful static charging sites needed and the smaller the on-board battery capacity needed (thus 
reducing vehicle cost and payload penalty). Understanding the operational profile of the vehicles at a 
national level is integral to optimising this balance. 

4) Triple Bottom Line Evaluation 
Finally, a series of models are developed to assess the financial, environmental, and societal benefits to all 
stakeholders. The models consider the various stakeholders: vehicle operators, infrastructure operator, and 
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the government (in terms of potential revenue/subsidy that can be recouped). The financial metrics are 
focused on the capital and operating costs of the infrastructure, vehicles, and fuels. The environmental 
metrics consider the annual and cumulative emissions of not only the fuels, but also the embedded carbon 
in the vehicles and infrastructure (ERS and static refuelling stations). The societal metrics consider factors 
including safety, costs and benefits to society.  

 

The framework has been developed to assess the electrification of long-haul road freight at a national level 
and applied to the UK as a case study. A national system definition of electrification is presented and 
examined for all stakeholder perspectives (fleet operators, private and public (i.e. government) infrastructure 
owners, and societal benefits). The triple bottom line evaluation considers not only the ERS, but also 
competing powertrain alternatives such as battery electric and hydrogen to assist in selecting the best 
national solution for all stakeholders. 
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