Journal of Cleaner Production 258 (2020) 120926

Journal of Cleaner Production

journal homepage: www.elsevier.com/locate/jclepro

Contents lists available at ScienceDirect

The effect of digitalization in the energy consumption of passenger )
transport: An analysis of future scenarios for Europe ooy

Michel Noussan **, Simone Tagliapietra * > ¢

@ Future Energy Program, Fondazione Eni Enrico Mattei, Corso Magenta 63, 20123, Milan, Italy
® The Johns Hopkins University — SAIS Europe, Via Beniamino Andreatta 3, 40126, Bologna, Italy

¢ Bruegel, Rue de la Charité 33, 1210, Brussels, Belgium

ARTICLE INFO

ABSTRACT

Article history:

Received 29 May 2019
Received in revised form

7 February 2020

Accepted 4 March 2020
Available online 5 March 2020

Handling editor: Hua Cai

Keywords:
Passenger transport
Energy
Digitalization
Europe

Scenarios

Digital technologies have the potential to make the transport system more connected, intelligent, effi-
cient, reliable and sustainable. That is, digital technologies could fundamentally transform how people
and goods are moved, with significant impacts on transport demand and on the related energy con-
sumption and environmental impacts. This article proposes a scenario analysis for the future of European
passenger transport, by evaluating the potential effects of digitalization on mobility demand, energy
consumption and CO, emissions under different assumptions. The analysis illustrates that the penetra-
tion of digital technologies can lead to opposite effects with regard to both energy consumption and
emissions. Two opposite scenarios are compared, to evaluate the effects of a “responsible” digitalization,
in the direction of a sustainable mobility, against a “selfish” digitalization, where the final users maxi-
mize their utility. The likelihood of these two possible pathways is related to multiple drivers, including
users’ behavior, economic conditions and transport and environmental policies. Results show the vari-
ability range of the potential effects on energy consumption and CO, emissions in Europe by 2030 and
2050, by considering digitalization trends including Mobility as a Service, Shared Mobility and Auton-
omous Vehicles. The variability of key parameters is evaluated in a dedicated sensitivity analysis, where
the effects of electric vehicles, electricity generation mixes and vehicles’ efficiency improvements are
assessed. The article concludes that in order to fully exploit the advantages of digitalization, proper
policies are needed to support an efficient and effective deployment of available technologies through an
optimized and shared use of alternative transport options.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

America (Espinosa Valderrama et al., 2019; Rehermann and Pablo-
Romero, 2018). Different technologies are considered in the liter-

Fossil fuels consumption is the first cause of climate change. ature for the transition towards a low-carbon future in the trans-

Among different sectors, transport is currently the most reliant on
fossil fuels, and specifically on oil (IEA, 2019). Transport thus rep-
resents a key bottleneck in the transition towards a low-carbon
economy. And decarbonizing transport is challenging, due to the
issues related to guarantee the high energy density allowed by
fossil fuels by using alternative energy sources.

There is a growing interest in analyzing the potential scenarios
of transport decarbonization in different countries, including China
(Panetal., 2018; Wang et al., 2017), Europe (Siskos et al., 2018; Xylia
and Silveira, 2017), United States (Zhang et al., 2016) and South
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port sector, including electrification (Bellocchi et al., 2019; Crozier
et al, 2018), biofuels (Hunsberger et al., 2017) and hydrogen
(Ajanovic and Haas, 2018). Multiple factors will have a role in the
success of each solution, starting from the costs of the vehicles and
the required infrastructure (van der Zwaan et al., 2013), as well as
the quality of the service (Mugion et al., 2018). Due to the strengths
and weaknesses of each pathway, an optimum scenario may
include a combination of technologies to be used in specific ap-
plications (Dalla Chiara and Pellicelli, 2016). Financial incentives
may be required to reach the best technology mix for the decar-
bonization of transport (Haasz et al., 2018).

In this process of decarbonization, digital technologies may
represent a game-changer, fostering the deployment of innovative
mobility solutions and technologies. Mobility as a Service (MaaS)
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