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Abstract

Electric heavy goods vehicles (HGVs) require large batteries for sufficient range, which makes
them heavy and reduces their efficiency. On their own, they are unlikely to be sufficient for coun-
tries with long travelling distances in remote areas. Hence, this work investigates the feasibility
and impact of electrifying heavy goods vehicles across countries using electric road systems (ERS)
that use overhead catenary cables to power HGVs, thus reducing the need for very large batteries.

In this analysis, specific journeys from three were studied to obtain the necessary battery sizes. The
journeys analysed include a long-haul international journey on the A20-H401 corridor in Canada, a
single-day long-haul journey and a multi-day ‘tramping’ journey in South Africa, and three multi-
drop journeys in the UK. The ERS locations in Canada are chosen along the A20-H401 corridor,
while those in the UK and South Africa are based on a cost break-even study. It is shown that
using the ERS results in reduced battery size requirements of less than 350 kWh for most journeys,
thus reducing costs and increasing payload capacity. The ERS also supplements static charging
infrastructure well for journeys that are not entirely on the ERS.
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1. Introduction

Heavy goods vehicles (HGVs) constitute 18% of all road transport emissions in the UK (Ainalis
et al., 2020), 29% in India (IEA, 2017), and 27% in South Africa (DoT, 2018). Decarbonisation
of road freight is critical to reaching global net zero goals, but the optimal pathways for each
country will differ. It is important to study how solutions under consideration in nations in the
UK and Europe can be adapted to work in countries with higher road freight demands and distinct
geographical characteristics, such as India, China and South Africa.

There are several short-term methodologies for decarbonising road freight that can be implemented
immediately (Mulholland et al., 2018) and carried forward to a net-zero future. Some examples
include aerodynamic and lightweight trailers (Madhusudhanan et al., 2021), driver training for
eco-driving (Subel et al., 2021), higher capacity vehicles (Odhams et al., 2010) and proper fleet
maintenance (Liu et al., 2019). However, there is an increasing need to focus on long-term so-
lutions. Some of the long-term decarbonization pathways being explored currently include green
hydrogen fuel cell electric HGVs, biofuel HGVs and battery electric HGVs. However, green hy-
drogen fuel cell HGVs are not as efficient as battery electric HGVs in terms of ‘well-to-wheel’
energy and emissions (Haugen et al., 2021), and biofuel HGVs are restricted by insufficiency in
the biofuel supply chain (Panoutsou et al., 2021). At the same time, battery electric HGVs require
large batteries to meet their range requirements, which adds weight, cost, and embodied carbon
emissions and reduces their energy efficiency (WEF, 2021).

One of the potential solutions to this problem is to construct ‘electric road systems’ (ERS) (Nico-
laides et al., 2018) that can charge HGVs on the move, thus reducing charging stop times and
battery sizes (de Saxe et al., 2022). While there are many possible implementations of ERS, it is
more efficient and simpler to use overhead catenary cables that can charge HGVs through a pan-
tograph, as shown in Figure 1 (Gustavsson and Hacker, 2019; Navidi et al., 2016). While past
studies have investigated the impacts and feasibility of ERS at the national level (Taljegard et al.,
2019; Teixeira Sebastiani, 2020; Ainalis et al., 2022), there is a need to quantify its impact on the
worldwide electrification of road freight.

Based on this motivation, this paper presents several case studies that show the impact of using
ERS for road freight electrification. The impact of ERS can be investigated by estimating the
battery sizes required for an HGV for specific trips with and without the ERS. This analysis uses a
drive cycle synthesiser that generates a drive cycle and a vehicle model that follows it, as done by
de Saxe et al. (2022) and Deshpande et al. (2022). Locations for the ERS are used based on studies
by Kayser-Bril et al. (2021) and Deshpande et al. (2023), of which the latter highlighted locations
for the ERS with an attractive cost-breakeven period.

A major contribution of this analysis is understanding how the benefits of ERS infrastructure on
vehicle battery sizes vary in different countries while resulting in reduced battery size requirements
for most journeys. The rest of this paper presents the methodology used for estimating energy
consumption and choosing ERS locations, followed by a set of case studies and conclusions drawn
from them.
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