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a  b  s  t  r  a  c  t

The  energy  consumptions  growth,  the  upward  interest  for environmental  sustainability  and  the  techno-
logical  evolution  carry  to the  necessity  to  review  the  planning  criteria  of urban  mobility  systems  in  large
cities  and  metropolitan  areas.  With  this  aim,  new  studies  and  projects  are  in  progress,  especially  deal-
ing  with  the  power  systems  for metro-transit  lines  and  surface  electric  vehicles.  In  this  framework,  the
authors  perform  a  study  that, from  an  overview  about  the main  energy  management  issues  connected  to
the city  transport,  provides  an  innovative  proposal  for the  design  of  sustainable  urban  mobility  system:
the  integration  of the  metro-lines  with  surface  plug-in  electric  vehicles.  The  present  paper  includes  the
energy  analysis  results,  obtained  by  an  application  on  a  real case  study  of an  home-made  simulation
software,  describes  the  proposal  in terms  of power  systems  architecture  and  business  models,  pointing
out  the  potential  advantages  that  its  implementation  could  give  in  terms  of  energy  saving,  environmental
sustainability  and  reduced  economic  impact,  as a  result  of the  maximum  exploitation  of  existing  electric
power  plant.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Nowadays the energy and environmental sustainability in the
mobility systems design is one of the most important objectives.
The achievement of this requirement is a nearly necessary condi-
tion for guaranteeing also the economic efficiency of the proposed
solutions [1–4]. In fact it is demonstrated that an energy-efficient
and environmental sustainable transport system is essential to the
high-quality performance of modern economic systems: the gross
domestic product (GDP) and the transport activity of a Country are
closely coupled. As example Fig. 1 shows such coupling in the case
of the European Union (EU) and its future trend under a business-
as-usual scenario. In other words, transport demand will increase
as a result of economic growth, but the latter is only possible if

Abbreviations: AC, alternative current; BEV, battery electric vehicle; DC, direct
current; DSO, distribution system operator; ESS, electric sub station; EU, European
Union; EV, electric vehicle; GDP, gross domestic product; GHG, green house gas;
G2V, grid to vehicle; IEMS, Intelligent Energy Management System; LV, low voltage;
MV,  medium voltage; PHEV, plug-in hybrid electric vehicle; TS, traffic scenario; V2G,
vehicle to grid.
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transport activity is able to develop consequently. On the other
hand, it is well known that the transport sector in EU is responsible
for: approximately 30% of total energy consumptions, 27% of total
greenhouse gas (GHG) emissions, 72% of which are attributable to
road transport alone. Figs. 2 and 3 respectively show up these two
aspects.

Recent reports by Intergovernmental Panel on Climate Change
point at the need to reduce global GHG emissions by 60% at least by
2050. In this context developed countries will have to cut emissions
even further (around 80%), considering that developing countries
would find harder to combine strong emission reductions with
fast economic growth. Nowadays a reduction of GHG emissions
only from transport around 80% is not compatible with the use
of oil-derived fuels and internal combustion engines, on which
transport is almost entirely dependent. Moreover, oil price volatil-
ity and its potentially insecure supplies have serious effects on
global economies and the picture is likely to get worse in the
future: global oil production expected to peak and start declin-
ing in the near future, while demand continues to grow steadily
at the same time. In this worldwide context, the introduction of
more energy-efficient and environmental sustainable alternative
transport solutions becomes essential. For these reasons the auto-
motive sector alone is spending 20 billion D per year on research
and technological development in Europe. At the same time the EU
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Fig. 1. Trend of the transport activity in EU in function of the GDP growth.

Fig. 2. European energy consumptions for sectors [MTEP].

is supporting under the 7th Framework Program all the research
ideas proposing “greener, safer and smarter” transport systems with
a research budget of over 4 billion D in 7 years.

Focusing on the urban mobility problems in large cities and
metropolitan areas, this general soaring interest for energy saving
and environmental sustainability, with the increasing of the con-
sumptions and the technological evolution, have renewed in the
last years more than ever, the attention of the researchers at issues
about:

-  the metro-transit transport system, that is the most energy-
impacting, considering the large quantity of power in use;

- the on-road public and private vehicles park for the surface trans-
port, that is the most environmental-impacting, considering the
large number of units in use.

About the metro-transit systems, the result of this renewed
interest entailed studies and projects, dealing with proposals
on upgrading actions including new technologies, and on man-
agement techniques, derived from new simulation models and
software [5–13]. In this framework, in the last years, the authors
implemented a multi-stage program for performing high-quality
energy studies on metro-transit systems [14–23].  Recently a
reviewed and updated version of the software has been realized
in order to achieve other evaluations, principally regarding the
assessment of the impact of the braking energy recovering on the
power consumptions. This analysis has also allowed revaluating
the choices on the power system design for the management of
the braking energy, according to the actual available technologic
solutions [24,25].

About the surface urban transport, the strong request of reduc-
ing the environmental impact made necessary the introduction of
zero-emission vehicles and in particular of electric vehicles (EV) of
different types. The authors performed an analysis on the penetra-
tion of this type of transport in urban context and on the barriers
for its spread, mainly linked to the electric infrastructure for their
recharge. Different technological solutions and business models
have been got in literature [26–33].

At the end of the analysis on the two transport systems, match-
ing the results obtained by the simulation studies and the actual
state of the art on the involved technologies, the authors suggest
an innovative proposal for clearing the energy problems connected
to them, that would allow energy saving with a reduced economic
impact, as a result of the maximum exploitation of the already exist-
ing electric power systems. The present paper is organized in 7
sections. In particular:

- Section 2 reports the overview on metro-transit energy man-
agement techniques for saving, proposed in literature and real
implemented in worldwide metro-lines, in particular dealing
with the braking energy recovering;

- Section 3 shows the main features of a simulation software, made
by the authors, with the specific task of evaluating energy ques-
tions about metro-transit systems;

-  Section 4 reports the software application on a real metro-line,
giving the details of the case study and the main simulation
results, in order to get a real assessment of the energy saving
associable to the braking energy recovering;
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Fig. 3. (a) Total GHG emissions by sector in the EU in 2005. (b) Transport-related GHG emissions in the EU in 2005.
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