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Abstract

Heavy goods vehicles (HGVs) constitute 18% of all road transport emissions in the UK [1], 29%
in India [2], and 27% in South Africa [3]. 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 [4].

There are several short-term methodologies for decarbonising road freight that can be imple-
mented immediately [5] and carried forward to a net-zero future. Some examples include aerodynamic
and lightweight trailers [6], driver training for eco-driving [7], higher capacity vehicles [8] and proper
fleet maintenance [9]. However, there is an increasing need to focus on long-term solutions. Some
of the long-term decarbonisation pathways being explored currently include green hydrogen fuel cell
electric HGVs, biofuel HGVs and battery electric HGVs. However, green hydrogen fuel cell HGVs
are not as efficient as battery electric HGVs in terms of ‘well-to-wheel’ energy and emissions [10],
and biofuel HGVs are restricted by insufficiency in the biofuel supply chain [11]. At the same time,
battery electric HGVs require large batteries to meet their range requirements, which adds weight,
cost, embodied carbon emissions and reduces their energy efficiency [12].

One of the potential solutions to this problem is to construct ‘electric road systems’ (ERS) [13]
that can charge HGVs on the move, thus reducing charging stop times and battery sizes [14]. 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 pantograph [15, 16]. While past studies have
investigated the impacts and feasibility of ERS at the national level [17, 18], there is a need to
quantify its economic viability in specific locations to support world-wide electrification of road
freight.

This paper presents an investigation of the energy usage, emissions, and economic feasibility of
using ERS in different countries to decarbonise road freight. A comparison of the energy requirements
of various powertrains and their corresponding emissions in different countries is presented. The grid
carbon intensity factors of these countries are used to determine the emissions from green hydrogen
fuel cell electric HGVs, battery electric HGVs and ERS HGVs. A comparison with diesel powertrains
is used to obtain a ‘cut-off’ grid factor to reduce emissions from electric HGVs.

A cost breakeven analysis of ERS is then presented, that considers the expenditure on ERS
infrastructure and the income from electricity transactions to obtain the time to achieve breakeven
for the infrastructure. The cost breakeven period is expressed in terms of the traffic on the road
section. This formulation assists in identifying the roads in a country’s network that are suitable for
installing ERS with an economically attractive cost breakeven.

The formulation is used to filter roads in three countries, England, India and South Africa,
based on road traffic counts in England [19] and annual freight flow in India and South Africa [20].
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The results are presented as maps of the three countries with the roads and their corresponding
breakeven periods highlighted using QGIS [21], as shown in Figure 1. Constructing the ERS on
roads with a breakeven period of less than 15 years, highlighted in the figure, can electrify at least
31% of the total road freight in England, 16% in India and 47% in South Africa.

The results provide insights to support the installation of ERS in both developed and devel-
oping countries, as well as countries with diverse geographies and freight types. This study helps
identify suitable network topographies of an ERS network in these countries and their sensitivity to
the considered economic parameters. It motivates the use of the ERS a universal solution for elec-
trifying HGVs with a common modular platform for different markets, thus adding the advantages
of uniformity and economies of scale.

Figure 1: Road network maps according to ERS infrastructure cost breakeven period for (a) England,
(b) India, (c) South Africa.
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