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Abstract

This report shows the final outcomes for the two cases analysed in Barcelona. On the
one hand there is the A4 case in which a comparison between two use case models
was performed during the project lifetime. On the other hand the C3 case which
consisted of a feasibility analysis of connecting vehicle charging points to the public
transport grid. Both cases are analysed in the document and the impacts as well as
the final conclusions are shown.
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Critical risks

PILLAR A: Political reasons can have a huge impact on the feasibility of the measure.
Local planning can modify the intention to prove bus electric vehicles in those lines
where opportunity recharge points are supposed to be installed. Financial issues are
derived mostly from the political uncertainty. The last major risk is the legal
requirements. Electro mobility is still new in legal terms and cap imply aspects such
as selling energy from the metro operator to the bus operator in order to reuse the
energy supplied
PILLAR C:
- Low EV demand in Barcelona. The Use Case intends to have the support of the City
Council at all levels: by promoting the acquisition of private electrical vehicles as it
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regularly does, by forcing to join municipal fleets, etc. The project is fully aligned with
Barcelona’s city platform called Live, which aims for a higher penetration of electrical
mobility in the city.
-Become an electric energy distributor. B:SM is, since December 2017, a charging
manager, although there can still be legal issues regarding energy distribution.
-Level of participation and commitment in the project of all the key stakeholders of the
city in terms of electro mobility.
-Elevated cost of the electric connection from Metro substations to off/on-street
charging stations. The distance between the PTO substation and the car park will
condition the cost of the facility.
-State government changes into electric fares, tax schemes and permissions to
access to the electric network. To face this risk, is needed to build a strong model
related to the infrastructure, operation and the general strategy must reduce the impact
of these changes
-City council political changes which lead into new strategies in the context of the
Smart City initiatives. To take advantage of the changes, B:SM will empower the
benefits of the double electrical connection, making a resilient network.
-By offering a free charging service there is a possibility of the public buying private
EVs instead of continuing using the public transport, therefore traffic jams and parking
queues will remain.
-Funding is partly available and not fully secure from the national government it can
constitute a substantial barrier for the concept feasibility.
-Due to the state monopoly of the electric utility companies, there are high legal and
economic barriers that are unfavourable for the implementation and operation.

This report is subject to a disclaimer and copyright. This report has been carried out under a contract awarded by the European
Commission, contract number: 636012. The content of this publication is the sole responsibility of ELIPTIC.
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ACRONYMS
DoW: Description of Work
ITS: Information and Telecommunication System
KPI: Key Performance indicators
LCC: Life Cycle Cost
PT: Public Transport
WP: Working Package
EV: Electric vehicle
B:SM: Barcelona de Serveis Municipals
PO: Parking Operator (i.e.: B:SM)
TMB: Transportes Metropolitanos de Barcelona.
SABA: industrial operator specialised in parking lot management.
FGC: Ferrocarrils de la Generalitat de Catalunya.
UFT: Urban Freight Transport.
ADIF: Administrador de Infraestructuras Ferroviarias Spanish Administrator of Rail Infrastructure.
KPI: Key Performance indicators.
PTO: Public Transport Operator (i.e: TMB, FGC).
SWOT: analysis to find strengths, weaknesses, and the opportunities and threats someone face.
WP: work package.
PT: Public Transport.
EV: Electric Vehicle.
GIS/ SIG: Geographic Information System.
eBuses: electric buses.
CENIT: Centre d'Innovació del Transport.
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CNG: compressed natural gas.
RD: royal decree.
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1. Executive summary
The aim of TMB in Pillar A as well as the municipality is to experiment with innovative
systems that can lead to reduced pollutant emissions as well as to gain efficiency in
the exploitation of bus systems in the city of Barcelona. Following this aim, TMB has
demonstrated the operation of e-buses following the fast opportunity charging scheme
as well as connecting one of these chargers to the metro grid of the city.
There are two market solutions to operate with e-buses, the first is to operate with
buses equipped with a battery capable to support an entire day cycle and charge them
overnight and the second, which is dependent on intermediate charges. Barcelona
already tested the overnight charging scheme during the ZeEUS project with two Irizar
buses. In the Eliptic project, the aim was to test the fast opportunity charging and also,
to provide the energy to the fast chargers form the metro grid.
Articulated buses equipped with 125kWh batteries have been running in line H16 for
more than one year and have collected several data regarding its efficiency, its
reliability as well as its charging times. Results show that despite initial investment
costs of the infrastructure are significantly higher compared to diesel or GNC buses,
operational expenses are much lower. In terms of energy costs, there is a reduction of
68% between the different fuels.
Also, comparisons between overnight and opportunity charging show that the
infrastructure required for overnight systems is 40% cheaper than the one required for
opportunity charging schemes. The reasons are mainly due to the need of two
additional chargers in the case of opportunity charging and that these require a very
high power (400-500kw).
Final conclusions of the report show the differences in the operation of both schemes
and also provides recommendations and guidance to operators willing to implement
electric buses. Each operator will have its own requirements and probably the best
solution will differ from one city to another, but for the city of Barcelona, the scheme
that best suits TMB’s operations is the fast opportunity charging scheme.
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The Barcelona Pillar C Use case aims to study the viability of the implementation of
electric car charging network in B:SM car parks connected to the railway electric
infrastructure.
The use of EV will help develop a more sustainable city reducing CO2 emissions and
noise on the streets and improving air quality for citizen’s living standards. The city’s
resilience will also benefit as a result of optimizing the exchange of energy between
the railway lines and B:SM car parks. A growth of up to the 10% on the electric vehicle
fleet is forecasted for the near future and B:SM is planning to offer the charging service
to reach a balance between the supply (charging points) and the demand (future EVs
needs).
The aim of the project is to analyse the infrastructural, operational and legal feasibility
of the ELIPTIC charging points to optimise the use of existing public facilities in order
to save in energy and costs. The future charge of EV includes integrated connections
with the existing electrical public rail networks.
CENIT has carried out a Demand analysis report which forecasts the number of EV in
the city by 2020 and the requirements to connect the charging points to the railway
grid and its restrictions. It takes into account the uniformity, density, usage and
distance standards to assess its locations together with the current parking facilities
and types of charging points in order to plan the number of EV charging points in the
city to cover the near future demand.
Along with the required documents, a strategic report that presents the new charging
manager terms for B:SM recognised by the City Council has been developed, together
with the explanation of the possible construction of a pilot test that will be developed
between B:SM and the Railway Operator.
Last but not least, it is settled forth the future strategy of B:SM considering the
utilization of the chargers for two differentiates sectors: professionals and private
users. The type of charge has been studied in an optimized way for the future electric
mobility in Barcelona.
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2. Introduction
The overall aim of ELIPTIC was to develop new concepts and business cases to
optimise existing electric infrastructure and rolling stock use, saving both money and
energy. ELIPTIC advocates electrification of the public transport sector and helps to
develop political support for the electrification of public transport across Europe.
ELIPTIC looks at three thematic pillars:
 Pillar A: Safe integration of ebuses into existing electric PT infrastructure through
(re)charging ebuses “en route”, upgrading trolleybus networks with battery buses
or trolley-hybrids and automatic wiring/de-wiring technology;
 Pillar B: Upgrading and/or regenerating electric public transport systems
(flywheel, reversible substations);
 Pillar C: Multi-purpose use of electric public transport infrastructure: safe
(re)charging of non-public transport vehicles (pedelecs, electric cars/ taxis, utility
trucks).
With a strong focus on end users, ELIPTIC analysed 20 use cases within the three
thematic pillars. The project supported the Europe-wide uptake and exploitation of
results by developing strategies and guidelines, decision-making support tools (e.g.
option generator) and policy recommendations for implementation schemes for
upgrading and/or regenerating electric public transport systems. Partners and other
cities have benefited from ELIPTIC's stakeholder involvement and user forum
approach. ELIPTIC addresses the challenge of “transforming the use of conventionally
fuelled vehicles in urban areas” by focusing on increasing the capacity of electric public
transport, reducing the need for individual travel in urban areas and by expanding
electric intermodal options (e.g. linking e-cars charging to tram infrastructure) for longdistance commuters. The project strengthens the role of electric public transport,
leading to both a significant reduction in fossil fuel consumption and to an improvement
in air quality through reduced local emissions.
This document describes in detail the main evaluation results for both the A4 and C3
use cases analysed in the city of Barcelona. The A4 use case is a demonstrator that
has produced several findings which will remain operating in the city. Thus, the report
shows the main parameters governing the operation of opportunity charging schemes
and it provides as well a detailed description of how TMB will continue the work in
electrifying the public transport. The document focuses also on the comparison
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between the two operating systems that have been analysed within Eliptic, the
overnight charging scheme and the fast opportunity-charging scheme.
For use case C3, B:SM has developed five different documents in order to understand
the actual situation and to evaluate the different alternatives:
 Demand analysis report: The study forecasts the number of EV in the city by 2020
and the requirements to connect the charging points to the railway grid and its
restrictions. It takes into account the uniformity, density, usage and distance
standards to assess its locations together with the current parking facilities and
types of charging points in order to plan the number of EV charging points in the
city to cover the near future demand;
 Infrastructure design and installation report: Technical analysis about the
connection between the rail energy network and recharging point’s infrastructure;
 Operational model definition report: Operational analysis of the current public
service energy utilization, the charging point’s situation, the future EV demand
and the operability and feasibility of the four different scenarios proposed;
 Legal report: Legal analysis of the scenarios feasibility and how the position of
B:SM as a charging manager (from Dec 2017) affects to different possibilities
within the project:
 Stakeholder analysis report: Contribution – in terms of requirements, wishes and
strategic aims - received from public authorities and transport operators are taken
into account to reinforce B:SM analysis of the different strategies created for the
Eliptic project.
 Strategic analysis report: as the last step of this Pillar C project including a
summary of the previous reports and the strategies that B:SM is willing to follow
for a possible Eliptic double connection charging point implementation.
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3. Use Case Overview
A.4: Fast opportunity charging
Electric buses are the last innovation approach by TMB in order to fulfil the city
councils’ objectives, which include more sustainable vehicles and less pollution.
Barcelona is leading some initiatives in order to promote electromobility in the city,
being the Live platform, the most relevant among them. Live is a public-private platform
open to all those entities involved in sustainable mobility, mainly electric and CNG
vehicles, with the shared goal of developing projects, policies, strategies, new business
models and creating a knowledge network.
Strongly linked to ZeEUS project and electric mobility, ELIPTIC has contributed to
improve the mobility of Barcelona in terms of sustainability and efficiency and the
knowledge of operating with electric buses.
Aligned with city council guidelines, ELIPTIC has presented a perfect opportunity to
test, validate, enhance and foster electric mobility in Barcelona. There are many
aspects concerning electric mobility, the main pillars include vehicles and
infrastructure. From use case A4, the efforts have been focused on evaluating the
feasibility of the opportunity recharging points.
Opportunity charging points are one key element to achieve electro mobility success
in urban lines. At this point, there are two different assessments: economic and
operational. These are the key elements any operator or administration should analyse
when deploying an electric infrastructure.
At the moment, there are mainly two different approaches concerning opportunity
recharging points. Inheriting from conventional buses, recharging operations are
commonly executed at depots; but this scheme could change if we evaluate electric
requirements. The ELIPTIC project has allowed us to evaluate off-street recharge, also
known as depot’s recharge; and the new approach, where vehicles are charged onstreet. These different methods imply different operative models.
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The former must charge all the energy required to run during the whole service without
any interruption in terms of recharging operations while, the latter charges each time
at the header. This implies shorter periods of recharge that could be done on-street
while buses are waiting at headers.
Depot recharging operations were already operative at TMB mainly thanks to ZeEUs
project. This typology is based on a slow recharge during the night time. Electric buses
from the IRIZAR manufacturer have a battery capacity of 352 kWh and a 12 m length.
These buses use an 80 kW power supply. These have been tested during a time
service of 14-16h on lines 20, 34 and 6 with 12,8 km, 21 km and 16,2km (roundtrip)
respectively.
The second model, which has been tested in the Eliptic project, is new for Barcelona.
In this case, fast recharging operations have been tested. Two SOLARIS electric buses
are performing the service through this operative model. These vehicles have a battery
capacity of 125 kWh and are 18 m long. Less capacity means less time and energy at
each recharge but more recharging operations. The opportunity charging points to
ensure the service have been placed at each header of H16 line providing 400 kW
electrical power. Besides, it has been also required a slow charging point at depot with
a power of 50 kW in order to let batteries recover themselves from fast recharging
operations. H16 line has a length of 12,2 km between headers and runs parallel to the
sea in a mainly flat route. Charging operations for this model currently need
approximately 6-8 minutes to recharge enough battery to safely run the entire line
(22.4km) having. The energy provider at Cisell header is Endesa (main Spanish energy
provider) while the other header at Maristany is provided by the internal Metro grid
from the TMB company. In 2018, when Maristany charging point is put in operation the
charging time will be reduced to 3-4 minutes and will provide more robustness to the
system.
The objective of the use case is to compare both models from the operations and
economic perspective. The outcomes of this analysis are several reports, including a
TCO study done by Aachen and a performance analysis executed by the University of
Rome.
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C.3: Use of railway sub-station infrastructure for recharging electric
vehicles
We analysed the connection opportunities that the electrical network of the current
public rail infrastructure (from now on PTO) offers (Metro, TRAM, FGC and ADIF),
identifying the time slots and the possible BSM parking lots (from now on PO) where
the recharging points could be deployed. The energy delivered from the electric
network of the railway installations that is not consumed by electrical traction can be
used for charging Barcelona EV fleet.
The CENIT study concluded that there where different demands of EV users, and
therefore, charging methods for each user.
After forecasting the near future demand and analysing the requirements to connect
the charging points to the railway grid regarding uniformity of supply, density and high
use of the different parking areas and distance to the public railway grid.
Subsequently, CENIT studied the different on-street and off-street parking areas in the
city regarding demand; the most strategic locations were analysed and a distribution
of the future charging points was proposed.
An infrastructural report analysed the technical viability of connecting the charging
points of the parking slots to the railway electric substation. The length considered to
make the installation economically feasible is a maximum of 300m. The investment
and maintenance cost has been described through cost drivers based on basic units
of cost (distance from the tunnel, devices needed…). However, as stated in the
conclusions, there has to be a point by point study approach because there can be
exceptions to the 300m rule.
Having understood the connection mode and narrowing down to 300m to the PT
infrastructure there is a more thorough description of the main drivers of cost related
to the infrastructure, those drivers would be:
 The distance between the recharging points, on-street or off-street, and the PT
infrastructure, understanding the minimum distance to rail;
 Energy management. Understanding that it can be through a fixed schedule or
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a dynamic adaptation of the PT energy offer, certain PT peak situations may
make possible that no energy can reach the recharging point, in that case there
could be an added cost to add a second power source;
 The speed of the network growth and its scalability factors, understanding that
positive factors such as monitoring systems, maintenance scalability and
network resilience can decrease costs.
In terms of connectivity, four connection modes were identified and as a conclusion
the most suitable and most feasible option is the connection AC 420 V on the
substation transformer bars.
The action proposal is to differentiate between the transports that do more kilometres
around the city and the private users in order to set charging characteristics for them.
Professional EV users:
 Taxi drivers, Urban freight distribution drivers;
 The priority for them is to use on-street charging points;
 Strategic Alliance and possible contracts of charging packs.

Private EV users:
 Individuals;
 The priority for them is to use off-street charging points or their home garage
point. On-street use only for emergency;
 The Electric Vehicle Card – linked to their bank account (near future).

This way, the charging points are going to be divided strategically as the next:
 On-street charging points: fast charge;
 Off-street charging points: slow and semi-fast charge.
Additionally, four possible scenarios are explained in the document “Operational model
definition report” in order to explain the alternative roles of the main actors on the
system, depending on the PT operator, the Parking operator and the final user. All
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scenarios state the type of charging management and the final use of the energy
provided, distinguishing between private vehicles and public fleet vehicles.
Scenario 1: PTO to PO EV fleet
The public transport operator (PTO) provides energy to the parking operator. The
energy will be used for public fleet related to the parking operator. This is both
operationally and legally viable.
Scenario 2: PTO to EV private user
The PTO will provide the energy to the EV user that will directly pay for it, counting
kilowatt*hour to the PTO. The customer will pay for the parking to the parking operator
in minutes spent. On the parking cost there will be an overcharge to pay for the EV
service. This is both operationally and legally viable.
Scenario 3: PTO to PO to public fleet EV
The public transport operator provides energy to the parking operator. The energy will
be used for a third party EV public fleet or PO EV fleet.
This is operationally but not legally viable as, regarding the current legislation, the PTO
needs to become a charging manager to be able to sell the energy to the PO. For more
details, please check the Legal Analysis Report in the Annex.
Scenario 4: PTO to PO to private EV user
The public transport operator (PTO) provides energy to the parking operator. The
energy then will be sold again to a private end user that will pay for the whole service.
This is operationally but not legally viable as, regarding the current legislation, the PTO
needs to become a charging manager to be able to sell the energy to the PO. For more
details, please check the Legal Analysis Report in the Annex.
Finally, the study describes a number of steps in order to create the strategy of B:SM:
Definition of the city needs, Understanding the main stakeholders, SWOT Analysis and
Strategy definition.
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4.

Methodology

A.4: Fast opportunity charging
The methodology followed by TMB and CENIT in the data collection has ranged from
data obtained through the software’s used by the company to manage all processes
that take place in the operation and the charging of buses and also by interviewing key
personnel of TMB that have experienced the operation of such buses.
From the software point of view, operational data has been obtained from the Hastus
software which is the tool necessary to create schedules of buses, match them with
driving times, etc. The SAP component offers any information required from any line.
The data from the charging events has been extracted through wonderware platform
and through the Power Studio.
Regarding the interviews to obtain qualitative data, the electric infrastructure manager
and the operations manager have been interviewed.

C.3: Use of railway sub-station infrastructure for recharging electric
vehicles
The methodology in the PILLAR C feasibility study has followed the structure shown
below:

Image 4-1 Methodology of the study
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Demand Analysis
The number of potential vehicle chargers that could be connected to the public
transport grid have been studied in the demand analysis report and was obtained by a
series of stages:
The first stage was to forecast the number of electric vehicles running in the city by
2020. This information was found through a research on the different regional plans to
foster the electric vehicle and the energy transition. The Plan for Energy and Climate
Change of Catalonia show the following figures:

Type of vehicle

Number of
EV’s

% over total of
vehicles

% of introduction
of hybrid

% of pure electric

Cars

360.000

10%

7.0%

3.0%

Motorbikes

124.000

12.0%

0.0%

12.0%

Vans

54.500

7.0%

4.5%

2.5%

Lorries

50

0.1%

0.1%

0.0%

Buses and coaches

540

5.0%

4.0%

0.1%

Table 1 Forecast (2020) of EV’s according to the PECAC plan

In order to satisfy the demand generated by these EV’s, the Strategic Plan for the
Deployment of Electric Charging Infrastructure forecasted the number of charging
points of each mode that will be needed.
The next stage was to analyse the requirements to connect charging points to the
railway grid in order to define the restrictions, creating a GIS file with all data.
One of the requirements considered to decide whether a parking spot with a charging
point could be connected to the public transport grid is a close distance to the PTO
electric substation.
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Metro line 4
Metro line 3
Area in which a charging station
could be connected to the
railway grid
Metro line 1

Figure 1 Areas in which charging points could be connected to the PT grid

The next stage consisted in analysing the occupancy rate of the different areas of the
city to study which locations with charging points would be more economically
profitable.
The last task was to distribute the forecasted number of charging points needed
considering all the requirements defined in previous steps such as the demand of each
parking area, the spatial coverage in the city and the proximity to the public transport
lines to connect them to the grid.

Figure 2 Estimation of the charges needed in Barcelona

It was considered that fast, rapid and slow charging points had to be installed in the
following parking areas:
 Taxi stops  fast and rapid chargers;
 Urban freight areas  fast and rapid chargers;
 On-street parking  rapid chargers;
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 Underground car parks  low speed chargers
Results of the analysis of the number of potential parking spaces that could have
an EV charger connected to the public transport grid:
The following figures show for each parking type the location of them and the railway
lines to which charging points could be connected, starting with the current situation
with the existing charging points:
 Current situation of the existing charging points:
There are currently (May 2017) 42 charging points out of 125 that could be connected
to PT grid due to its proximity to railway lines (metro, tram, regional rail). The following
picture shows all existing charging points and the area of influence of the PT grid.

Figure 3 Existing charging points in Barcelona
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 Taxi areas: Taxi stands represent a practical way to recharge taxis that are
waiting for clients. In Barcelona, considering that parking spots located 300 from
a PT line could be connected, 44%(114) of the taxi stands could be sourced from
a PT grid.

Figure 4 Taxi stops in Barcelona

For the distribution of the charging stations, taxi ranks with more than 3 parking
spaces have been considered mainly to consider only those with higher capacity
and thus, having an increased use (occupation). In 2016 there were only 26 electric
taxis but this figure is expected to grow.
 Freight parking areas: Freight parking areas cover a relatively high rate of
surface parking. The app used by carriers monitors the use of the 9,000 parking
spaces. Using this data the occupancy rates of each parking area have been
calculated.
o 34% of the UFT parking areas have the potential of being connected to the
metro grid, since they are located up to 300 meters;
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o

In the future it is expected that the number electric of vehicles performing de
delivery activities will increase;
o To distribute charging points for this group of parking spaces, only medium
and high occupancy areas have been considered.

Figure 5 Parking areas devoted for freight use

 Regulated surface parking: Regulated Surface parking (resident and nonresident parking areas) are the largest parking segment in the city. It accounts for
around 8,000 parking areas, which are divided in green and blue areas.
o 30% of this parking places have the potential to be connected to the railway
grid;
o There are more than 300 private electric vehicles in Barcelona (source: city
council) and more owned by fleets;
o There are three types of regulated surface parking: the blue area which is
for any vehicle with a maximum stay of 2 hours, the green area which is
almost free for residents but can be used also for any vehicle for maximum
2 hours and the green only resident which is exclusively devoted to
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residents.

Figure 6 Regulated surface parking

 Underground car parks: These are very common in the city of Barcelona, since
the cities’ high density of population demands a great number of parking spaces.
BSM and SABA manage most car parks in the city. 22 BSM managed car parks
(32% of total) are located up to 300 meters of a railway line. Its charging points
would have the potential of being connected to the public transport grid.

|23

Barcelona Final Use Case Report

Figure 7 Underground car parks

Having analysed all parking options in the city, the next step was to plan the distribution
of the electric chargers in the city following the figures presented in the methodology
chapter. The Strategic Plan for the deployment of deployment of electric charging
infrastructure forecasted that 331 charging points would be necessary to satisfy the
demand in 2020. Of these, 125 charging stations already exist hence the remaining
ones need to be installed and prior to that, its location need to be planned. The type of
charger and the number of them that have been allocated is the following:
 17 fast charging stations;
 127 rapid charging stations;
 51 low speed charging stations.
In order to distribute them spatially the following requirements have been considered:
 Uniformity in the urban areas;
 Density of the different parking areas;
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 High use of the parking areas;
 Distance to the railway grid.

The final solution obtained from this task is a list of all charging points located in the
different districts in the city considering all the before mentioned variables.
An example of this distribution is shown below for the charging points planned to be
installed in the freight parking areas:

Table 2 Chargers distributed for freight parking areas in each district

Figure 8 Selected parking areas in where to install a charger

Infrastructure Analysis
In the infrastructure analysis report B:SM analysed the connection opportunities that
the electrical network of the current public rail infrastructure offers, identifying the time
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slots and the possible B:SM parking lots where the recharging points could be
deployed, the phases of this analysis were:
Infrastructure location: The first goal of the analysis is to understand the possibilities
of connection to the railway infrastructure. Overlapping the Public Transport (PT)
network with the off-street parking lots position and the on-street parking slots we are
able to learn the most suitable and economically feasible parking spaces that could be
connected to the PT energy system, having our first map of possible locations.
A SIG map has been developed to localize optimum points to connect the public rail
network (including the entire Public Transport rail network: tram, FGC, RENFE and
metro) to the BSM car parks
Infrastructure connection: Having solved the possible location of the points based
on the overlapping of PT network and parking spaces layers, the next step is to
understand the restrictions to apply when connecting both systems and if necessary
narrow down the possible locations to the ones that are essentially feasible in terms of
connectivity.
Four connection modes have been technically identified, described and defined:





Connecting AC to the station 420 V on transformer bars;
Connecting AC 420 V on the station auxiliary services line;
Connecting AC 420 V on the substation transformer bars;
Connecting DC 750-1500V directly from the catenary.

As a conclusion of the studies conducted in the “Infrastructure design and installation
report” the most suitable and most feasible option is the connection AC 420 V on the
substation transformer bars. The main reason it is advantageous is because the origin
is in the 3-phase HVAC side, with a dedicated line, that although it needs to adapt the
voltage ratings, there is no need of AC/DC conversion because the origin and the end
voltages are all of AC nature.
A second key finding is that the length considered to make the installation economically
feasible is a maximum of 300m. The investment and maintenance cost has been
described through cost drivers based on basic units of cost (distance from the tunnel,
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devices needed, etc.). However, as stated in conclusions there has to be a point by
point study approach because there can be exceptions to the 300m rule.
Having understood the connection mode and narrowing down to 300 meters to the PT
infrastructure there is a more thorough description of the main drivers of cost related
to the infrastructure, those drivers would be:
 The distance between the recharging points, on-street or off-street, and the PT
infrastructure, understanding the minimum distance to rail;
 Energy management. Understanding that it can be through a fixed schedule or a
dynamic adaptation of the PT energy offer, certain PT peak situations may make
possible that no energy can reach the recharging point, in that case there could
be an added cost to add a second power source;
 The speed of the network growth and its scalability factors, understanding that
positive factors such as monitoring systems, maintenance scalability and network
resilience can decrease costs.
Infrastructure growth: Having understood the possible locations and their feasibility
due to the connectivity issues, a final remark on growth will make clear which would
be the main costs drivers related to the growth of the system. Those main drivers of
cost regarding growth are:
 Network expansion: The rapid expansion of the network can lead to an
scalability in terms of purchasing but could lead also to fight obsolescence on a
stage prior to the return of the investment. Planning this growth will require a huge
commitment by all main stakeholders;
 Network configuration: The main factors that characterize the network are the
type of charging station, in terms of nominal power, and the location of this points,
distinguishing on-street and off-street points. The network configuration will affect
the way the user addresses the system and will have a considerable impact on
the social costs of the system;
 Management model: The fact that, at least two companies will take care of the
system, makes it important to define the relationship between the public transport
operator and the recharging point network operator. This models will impact on
the role of each player and the maintenance and operational costs;
 PT network power usage: The PT network characteristically is used near to its
maximum capacity during the peak times on the morning and in the afternoon,
on those moments it is possible that not all of the recharging points can be served
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at the nominal power. That makes it important to define a double power source
system when necessary, working on a schedule or dynamically depending on the
variance of the PT power needs. This will impact on the complexity and cost of
the final infrastructure, making it necessary to coordinate with alternative power
sources.
More details can be checked in the Infrastructure Analysis report created by B:SM.

Operational Analysis
The consumption on the average car parks and railway lines have been studied in the
operational model definition report.
It is observed that, on one hand, B:SM car parks are using half of the power capacity
contracted whilst, on the other hand, the Railway Operator only uses the total power
contracted during peak hours, from 8:00 am to 10:00 am.
During night-time, from 00:00 am to 5:00am, the railway services are not operating
during weekdays.
The excess of energy of the railway service during the rest of time could be perfectly
used for the implementation of the double connection Eliptic charging points inside the
car parks.
So, the main consideration regarding the power usage is that during day time there
could be a combined use of the PT energy and other sources, using as much PT power
as possible may optimize the system but a second power source must be considered
depending on the excess of power on the PT grid. During night the system could benefit
completely from PT, an ideal timing for off-street recharging points.
The four different operational scenarios have been explained in the previous section.
For an extended explanation it is needed to be checked the Operational Analysis report
created by B:SM.
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Legal Analysis
The legal feasibility for the four different scenarios has been studied carefully. In the
“Legal report” the Spanish decrees and regulations followed can be checked. A small
summary of the regulations for the different scenarios is presented here:
Scenario 1: PTO to PO EV fleet
 The PTO is the distributor and manager of the electrical network from the PTO
substation to the PO’s recharging point (Art. 38-42 L 24/2013 Sector Elèctric,
RD 1048/2013 and art. 36-42 RD 1955/2000);
 To be able to sell energy to the PO the PTO has to become a Charging
Manager (Art. 1 Real Decret 647/2011, May 9th);
 The only user of the charging point will be the PO EV fleet.
Taking into account the current regulations, this scenario seems to be entirety feasible.
Scenario 2: PTO to EV private user
 The PTO is the distributor and manager of the electrical network from the PTO
substation to the PO’s recharging point (Art. 38-42 L 24/2013 Sector Elèctric,
RD 1048/2013 and art. 36-42 RD 1955/2000);
 To be able to sell energy to the EV private user, the PTO has to become a
Charging Manager (Art. 1 Real Decret 647/2011, May 9th);
 Private EV users are the users of the charging network points and are the
clients of the PTO;
 The EV users will pay to the PO for the parking service.
Taking into account the current regulations, this scenario seems to be entirety feasible.
Scenario 3: PTO to PO to public fleet EV
 The PTO is the distributor and manager of the electrical network from the PTO
substation to the PO’s transformation box (Art. 38-42 L 24/2013 Sector Elèctric,
RD 1048/2013 and art. 36-42 RD 1955/2000);
 To be able to sell energy to the PO, the PTO has to become a Charging
Manager (Art. 1 Real Decret 647/2011, May 9th);
 The third party public EV fleets will be able to contract the service to the Public
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PO under an agreement not stating the amount of energy consumed but the
time spent on the parking spots.
Taking into account the current regulations, this scenario seems not easy to be
implement. Since the final customer are the public EV fleets the type of payment should
be different than for private EV being this an advantage for this scenario
implementation.
Scenario 4: PTO to PO to private EV user
 The PTO is the distributor and manager of the electrical network from the PTO
substation to the PO’s transformation box (Art. 38-42 L 24/2013 Sector Elèctric,
RD 1048/2013 and art. 36-42 RD 1955/2000);
 To be able to sell energy to the PO, the PTO has to become a Charging
Manager (Art. 1 Real Decret 647/2011, May 9th);
 To be able to sell energy to the private EV user, the PO has to become a
Charging Manager (Art. 1 Real Decret 647/2011, May 9th);
 The PTO will provide the energy to the PO;
 The PO will provide the energy to the private EV user.

Taking into account the current regulations, this scenario seems not easy to be
implement.
Apart from the Spanish law, the basement of mobility and transport as well from the
European Commission has been consulted: Clean transport & Urban Transport
section. Nevertheless, it has not been defined a specific EV European legal framework
for electro mobility yet, only some clean vehicle directives.
As a conclusion, scenarios 1 and 2 could be almost immediately implemented and the
3 and 4 will need further study on the actual regulations and the possible changes in
the Spanish law decrees.
The actual decrees and regulations can be checked in the Legal Analysis report
created by B:SM.
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Stakeholder Analysis
The contribution – in terms of requirements, wishes and strategic aims - received from
some stakeholders is taken into account to reinforce B:SM analysis of the different
documents already created for the Eliptic project. The stakeholders are: the city council
of Barcelona including different divisions like mobility services, resilience, urban
infrastructure, environment and energy; the railway operators including Tram, Metro
and Train companies and the public administration of the metropolitan areas of
Barcelona.
B:SM Role
Due to the growth of the electric mobility a need of a plan, where the offer and demand
of EV are balanced, raised. As a consequence, B:SM, that is the municipal service
company managing mobility issues, installed a total of 296 Schuko/Mennekes plugs
for electric vehicles and 122 Mennekes plugs for motorbikes in its car parks. In the twofollowing years, it is expected to add 20 plugs more per year on-street plus other offstreets points. The plugs are for slow charge and free for the EV users and they
represent the 79,7% of the city charging plugs.
On the streets of Barcelona, from the City Council side, there are free charging points
available for the EV users. The infrastructure of the public charging points on the
streets has installed 75 charging stations: 20 fast charging points, 4 semi-fast charging
points and 51 slow charging points that are managed by the electric vehicle office of
the ecologic area, urbanism and mobility of the City Council.
With these numbers of charging points, Barcelona is positioned as the widest charging
infrastructure of Spain and the country is positioned as the number 7 in the European
ranking of charging infrastructure.
To control the constant increase of electro mobility, the LIVE Platform was created in
the past few years. B:SM is an active and direct collaborator in the LIVE platform, has
the experience of the charging points management in its car parks and, since
December 2017, got the status of charging manager.
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Strategic alliances and business partnerships between stakeholders are the key to
help increase the readiness for electric vehicles in Barcelona and pave the way to
electrified transportation.
The LIVE platform has been able to bring together and coordinate through projects
and strategic policies the main members of the sector from the value chain of the
sustainable vehicle in Barcelona, providing a strong impetus to the process of change
and acceptance of electro mobility, seeking the involvement of the private sector as
well as providing an economic and sustainable model reaching the commitment of the
citizens.
Public administration
Municipalities and public entities are key players in increasing EV readiness. The best
way for states and municipalities to improve their EV readiness is to partner with their
local stakeholders which can connect them to specific regional resources and other
relevant stakeholders.
LIVE platform allows both public and private entities to assess their readiness, receive
feedback about ways to improve, about best practices and record progress,
furthermore, over the last 6 years LIVE platform has provided information on the steps
to create, administer and amend planning processes, rules and regulations, including
in zoning, parking, and permitting. Through its creation, the LIVE Platform has enabled
small and midsize communities to partake in the electric vehicle market and benefit
from the economic and environmental advantages of the vehicles.
Additionally, it is created every year the LIVE annual report, this guide, which is on the
LIVE platform website, summarizes the best practices in streamlining permitting
processes, revising codes, developing incentives, and educating the public based on
the experiences of projects across Catalonia and the country.
BSM is currently positioned within VE’s value chain with the shared objectives of
project developing, strategic politics and new business models with the aim of
becoming in the near future a charge infrastructure facilitator, distributor and charging
or system user operator depending on current legality. Furthermore, B:SM plays a
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major role in defining and managing car park policies in Barcelona, operating both offstreet and on-street public parking slots networks and the off-street public parking slots
for electric vehicles network.
Industry
LIVE platform offers personalized advice on all the strategic areas for the creation,
management and growth of a sustainable mobility company. Identifying needs and
supporting in all the necessary stages and procedures to set up a trading company
and other commercial activities.
It covers the need of establishing the necessary synergies and links with strategic
groups and entities (creating networks and benchmarking, fostering consortiums in
H2020, etc.) such as CEEC, Cluster Moto, CIAC, Campus Motor Anoia, AEDIVE,
Xarxa Tecnio, DGT, Fundació BTec, IDEA and IREC.
Initiatives carried out by LIVE in this line of action are:
 Expert advice on how to get the necessary funding for your company;
 Services and resources to help you cover your staff needs;
 Expert guidance to get your business started, expand it or consolidate it, and to
help towards its internationalization;
 Guidance, advice and tools to boost the innovation and R+D of your company;
 Business meetings to be up to date on sustainable mobility and share
experiences and projects with other professionals in the sector;
 Advice on the research of spaces to establish your business in Catalonia,
regardless of whether the business is local or international;
 Promoting networking between companies of the mobility sector and other key
agents.

Users (private and public)
LIVE is a stakeholders meeting place that provides tools that allows fleet managers to
calculate the cost of ownership, petroleum use, greenhouse gas emissions, and air
pollutant emissions of alternative fuel vehicles. Local coalitions can help fleets decide
which technologies and models will be most appropriate to meet their needs.
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Furthermore, LIVE promotes the introduction of sustainable vehicles both in private
and public fleets, as well as the development of its own vehicle market and mobility
services. For example, some of the initiatives carried out by LIVE in this line of action
are:
 Viability and potential studies and demonstrators in both public and private
fleets;
 Promotion and good practices with fleet administrators and operators; and
organizing sessions aimed at niches of specific sectors;
 Monitoring of the sustainable vehicles market;
 Provides information on EVs that can be filtered by class/type and
manufacturer.
Academic
Academia is energising the electro mobility sector in Barcelona increasing the research
and development in companies through consortiums. LIVE platform promotes funding
initiatives at a European, national and regional level, organises events related to
technological innovation and invigorates actions focusing on electromobility
technologies dissemination and promotion opportunities to participate in innovation
projects.
Academia takes these impulses as a basis for research and teaching on sustainable
transportation.
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STAKEHOLDERS SCHEME
Industrial electric Sector

Mobility

Car Manufacturers

Consultancy

Competitors

Civil work, Suppliers

IDIADA, Car Sharing, RAC

SEAT, NISSAN, TOYOTA, BMW, RENAULT, VOLVO…

APPLUS

Charging points and Charging
managers

Research Centres
UPC
CENIT
IREC
CSIC
LEITAT

City
General
Interest

Particular
Interest

City Council of
Barcelona
B:SM

Operational control
centre of B:SM,
Dept. Resilience,
Dept. Sustainability

Regional

Country

Metropolitan City
Councils of
Barcelona,
Generalitat de
Catalunya

Spanish
Government

ATM, ICAEN, TMB,
FGC, AMB

Ministry of Energy,
Tourism and the
Digital Agenda and
the Ministry of
Economy, Industry
and
Competitiveness

This project has received funding from the European
Union’s Horizon 2020 research and innovation
program under grant agreement No 636012.

Own Vehicle

Private
Fleet

Public

Fleet
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SWOT Analysis
The SWOT analysis is a tool for strategic planning and differentiates internal issues,
i.e. strength and weaknesses, and external issues, i.e. opportunities and threats. Here
it has shown the final SWOT.
Strength

Weakness



Technology concept is available on the market,
sufficiently standardized and ready for full
commercial application



Slow chargers (3,6 kW output power, AC) are
currently considered as the solution in this
context, semi-fast chargers are planned in the
near-term in the car parks



Charging points supplied by the railway power
grid have energy efficiency advantages
compared to charging points supplied by the
public distribution grid



Energy supply for charging points is second
priority within the railway power grid, which
causes power availability issues (time and
location specific)



Planning and implementation effort for
connecting to metro substations is higher
compared to connecting to the public distribution
grid



Poor communication between local and
national subsidies and the citizens in the
sense of choosing between an electric car or a
power fueled vehicle





Dual function of the metro power grid,
specifically, leads to a higher utilization rate
(more efficient use of excess energy), especially
due to complementary power demand patterns
of metro service (morning and afternoon) and
electric vehicle charging (night)
Future extension of the municipal electric
cycling, taxi and bus fleet

Opportunity

Threat

This project has received funding from the European
Union’s Horizon 2020 research and innovation
program under grant agreement No 636012.
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Operational availability can be increased by
using smart meters to constantly monitor the
metro power grid and to control the power
supply in consequence with the demand



Combination of park & ride strategies with
electric charging points supplied by the railway
grid have the potential to increase coverage of
railway service









By offering a free charging service the
technology concept may foster the substitution
of the collective public service by individual
electric vehicles not solving the public space
occupation in the main areas of the city. Traffic
jams and parking queues will continue same way
than currently



(Local) politics and authorities are
supporters, having a high influence on the
implementation ( for example municipal electric
fleets, constant e-mobility projects participation
and so)

Funding is partly available and not fully secure
from the national government it can constitute a
substantial barrier for the concept feasibility



Barcelona has a low number of electric vehicles
and the charging infrastructure may be unused
due to the commercialization of e-vehicles is not
the expected

European and regional funding are promoting
the e-mobility in Catalonia



High legal barriers from Spanish national
regulations that are unfavourable for the
implementation and operation concerning mostly
energy and grid reutilization

Taxes and restrictions of the diesel vehicles
when pollution episodes happen will influence
positively in the use of electric vehicles

Table 3 SWOT Analysis Pillar C

The conclusions that must be drawn from this SWOT are the following:
 This technology has shown its strengths in the robustness of the public transport
grid and enough available capacity, particularly during off-peak times and at
nights. Despite this, incentives at all levels of government should be enacted, in
addition, preferential parking for EVs, reduced local excise taxes and tax credits.
Until the costs and availability of EVs and charging infrastructure decreases,
financial and other incentives are necessary to encourage people to embrace this
new technology;
 Working with local governments to streamline permitting and ensure that proper
electrical codes must be adopted and work toward implementing tax and other
financial incentives for infrastructure;
 Educate the public about the benefits of electric vehicles, the facts about charging
stations and availability of public charging stations;
 Solve problems associated with entities other and utilities “selling” power. BSM
becomes electric energy distributor since December 2017, although there can
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still be legal issues regarding energy distribution;
Low EV demand in Barcelona. The Use Case intends to have the support of the
City Council at all levels by promoting the acquisition of private electrical vehicles
as it regularly does, by forcing to join municipal fleets, etc.;
To face state government changes into electric fares, tax schemes and
permissions to access to the electric network is needed to build a strong model
related to the infrastructure, operation and the general strategy must reduce the
impact of these changes;
Good opportunities are seen at technical level by making use of smart meters.
B:SM will empower the benefits of the double electrical connection, making a
resilient network. Smart meters, together with real-time monitoring of the metro
power grid and controlling the power supply can increase the operational
availability both during and off-peak metro operation hours, even without the use
of storage media;
There is a valid concern from the authorities that sponsoring electromobility might
be detrimental to the share of public transport in the city’s mobility by passengers
shifting to the currently small fleet of Barcelona’s electric vehicles. This view,
however, could be balanced by the perception that park & ride strategies could
help increase the public transport network’s coverage;
Around 300 sites have been identified by the use case as feasible for
implementation, from which a selection of the most relevant can be made, taking
into consideration their expected demand and likely park & ride potential, as
suggested. An additional criterion of this prioritization of locations is the degree
of gradual electrification of public institutions and authorities’ fleets and their
location. The expected threat can be avoided by focusing on only on municipal
fleet electrification, but also on park & ride (eventually charge & ride) opportunities
that might increase the potential catchment of passengers for the public transport
system;
An interesting and necessary cooperation with other authorities (e.g. TBM) could
be of common benefit, as metro operation expertise may complement capacity
gaps at B:SM;
The perceived threat of Barcelona’s current relatively small share of electric
vehicles has a two-sided effect. On one hand, a push for the adoption of electric
vehicles with the objective of reducing emissions is closely coupled with the
spread of charging infrastructure to support them, while on the other, the
timeframe for their installation can be relaxed, with the due implications in
financing and resource allocation required.
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Process evaluation methodology A.4 and C.3
The process evaluation of ELIPTIC assessed project activities in order to identify
barriers and drivers during the implementation phase of all use cases. Data was
collected through surveys, individual semi-structured interviews (face-to-face and via
telephone) as well as pillar-specific focus groups, with use case managers and local
evaluation managers.
The interviews and focus groups were held at different stages throughout the project;
the begging phase of the project, the interim stage and the final stage. The questions
were adapted to the particular project phases, and focused on status, impacts,
successes and problems in the implementation of use cases.
All interviews and focus groups requested critical reflection on project processes as
well as recommendations from use case and evaluation managers. Before data
analysis, the data was encrypted to protect the informers’ identities. Using the
Qualitative Data Analysis software NVivo, all interviews and focus group notes were
thoroughly assessed and coded. Patterns in the data were identified and similar
statements were sorted into drivers and barriers within the following categories:









Cooperation and Communication
Operation
User Perceptions
Spatial planning
Financial Framework
Political Framework
Regulatory Framework
Environmental Conditions

As part of the data analysis, the frequency of occurrence of key themes in the data
was counted in order to indicate the relevance of the respective themes. The findings
of the process evaluation portray drivers and barriers on a use case cluster level that
were agreed upon with the other supporting partners University Gdansk (Cost-benefit
analysis) and Siemens (SWOT-analysis):





I) In-motion charging (Pillar A / trolley-hybrid cluster)
II) opportunity charging (Pillar A cluster)
III) Energy storage and optimization of energy use (Pillar B cluster)
IV) Multi-purpose use of electric PT infrastructure (Pillar C cluster).
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The findings will serve as the basis for information and recommendations for other
European cities in the implementation of electric public transport measures.
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5. Main evaluation results
A.4: Fast opportunity charge case
During the demonstration of the use case in Barcelona several data has been
gathered. Both qualitative and quantitative data been reported for both the pre-Eliptic
scenario and the Eliptic scenario. This data collection process was done for two cases:
the overnight charge and for the opportunity charge cases. Despite the fact that the
intention was to collect comparable data, this was in the end not possible due to the
change in the operation of buses for the pre-Eliptic and the Eliptic scenario. During the
project lifetime, reference routes where electric buses were operating have changed
due to the reorganization of the lines of TMB network. Despite this fact, some KPI’s
are still useful for the evaluation of the performance of the electric lines.
In the appendix section there is a detail of the KPIs collected for both scenarios, and
for the two use cases analized.
Opportunity charging case
Line H16 has hosted the pilot case for opportunity charge with two 18m long full electric
buses. To minimize the possible impact of unexpected failures of the buses that could
impact the regularity and the level of service these two buses have been added to the
19 buses that regularly operate the line. The two electric buses are then overlapped to
the 19 and offer additional service to the line but do not compromise the quality of the
service during the demonstration. During this time, the buses have regularly been
running. Despite that, comparisons between a gas-fuelled line and an electric-fuelled
line cannot be made through some of the indicators that have been gathered during
the project lifetime. The data gathered of the Eliptic scenario corresponds to the case
of two buses running overlapped to the conventional buses, hence no significant
conclusions in terms of regularity, velocity and other parameters can be done for an
entirely electric line.
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Figure 9 Line H16 where the Eliptic demonstrator has runned

Despite that, several conclusions in terms of reduction of energy costs, qualitative
performance, etc can be done.
An analysis carried out after the project showed that the consumption of the 18m long
Solaris buses had an average consumption of 2.2kwh/km. Considering the average
price that TMB pays for electric energy as 96€ MWh and considering that each bus
runs daily 162 km in line H16 we can conclude that the reduction in the cost energy
due to the electrification of the line compared to a diesel-fuelled line is of 68%.
Other evaluation impacts of the use case have been the time need to charge in both
the on-street fast chargers and the off-street night charge. The data has been gathered
using the SCADA (wonderware platform) installed. The parameters analyse range from
the SOC (state of charge), alarms to energy, voltage, current, temperature etc. This
information helps evaluating the charging events.
The figure below shows an example of the information obtained from a charging event
of an on-street fast charge. The table show the increment of the SOC from 73% to 80%
in less than 2 minutes.
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Figure 10 Charging details extracted from the Wonderware platform

The figure below show an entire event of charge. In 10 minutes, the charger fills the
battery from 27% to 80% of its capacity.

Figure 11 Detail of a charging event

The conclusion of the analysis of the charging events is that with buses that carry a
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battery of 125kWh and cover a distance of 22.4km (return trip), need an opportunity
charge at 400kw of 6 to 8 minutes to reach 80% of the battery capacity. These buses
normally reach the depot at 40% of their battery capacity and need a balancing charge
at 50kw of between 2 and 3 hours, which is very compatible with the 16 hours daily
operation.
One of the advantages of the e-buses is the low fuel costs to operate the line. Each
opportunity charge loads the bus with approximately 45 kWh meaning that the cost
paid by the company is of 4.3€. A full day of operation in line H16 means a cost of
34,1€ in terms of energy consumption.
Overnight charging case
The overnight charging case has been tested using two 12m long buses from the Irizar
Company. The buses were to be tested in line 20 but this route has changed lately due
to the implementation of the new bus network in Barcelona. The Irizar buses have also
been running in lines 34 and L6. For this reason, some of the KPI’s collected cannot
be compared. Conclusions can only be taken from other parameters such as
consumption, efficiency, etc.
More data can be found in the deliverables written for the ZeEUS project in which this
case was included.
Irizar buses have an energy consumption of 1.5-1.6 kwh/km and a battery capacity of
352kwh. The analysis of the charging events shows that charging times reaches up to
10-11 hours at 80kw when the bus arrives at the depot with very low battery. This has
had an impact on both the operating time and the availability of the bus the next day.
Considering that usual operation time is of 16 hours, summer operation was in risk due
to the increased consumption due to the air conditioner.
The following table highlights the values obtained for the overnight charging case. As
already mentioned, some values cannot be compared due to a change in the line were
e-buses operated during the testing period:
A cost analysis performed in order to compare the initial cost infrastructure between
the overnight charging scheme and the opportunity charge shows that the latter is 2.5
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times more expensive than the first case due to higher number of chargers.

Process evaluation drivers and barriers: Opportunity charging
The local implementation processes of use cases which focused on the integration of
e-buses and opportunity charging (Pillar A - opportunity charging) were promoted by
several different factors. Good cooperation and partnership dynamics between
transport companies, municipalities and universities proved to be significant drivers.
Partnerships worked particularly well where partners were also local sister
organizations (i.e. municipal companies). A further driver was a positive local image of
e-mobility, which was reflected by high passenger satisfaction and strong positive
media support. A supportive atmosphere was also created through local political
commitment. Several municipalities had publicly expressed their support for lowemission e-transport, issued air quality plans, noise reduction plans, or goals for the
integration of electric bus fleets. Project partners valued the politically supportive
atmosphere as a driver for incentives for public transport operators to electrify.
However, single use cases also experienced a downside of high political commitments,
as municipal ambitions surpassed the goals of use cases. This led to time pressure
within the project and high burdens to staff members. Operational barriers were the
most prominent challenge in Pillar A. Often, technological standards were insufficient
to ensure interoperability; Several project partners had difficulties finding experts and
suppliers. Timely data collection and data processing led to unexpected delays in the
operational process of use cases. Further reoccurring barriers for use cases in this
pillar category were of regulatory nature, including legal uncertainties about the sale of
electricity between companies, and high bureaucratic burdens involved with
implementing charging stations. The lack of sufficient staff qualifications for driving,
handling and maintenance of e-buses was an additional problem in a number of use
cases. While the current staff are to a large extent mechanics, the required staff for ebuses are mostly electricians, with additional programming skills and expertise on ebus components and safety issues.
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C.3: Use of railway sub-station infrastructure for recharging electric
vehicles.
The main evaluation results reached at the four analysis may be summarized in the
following points:
1. Demand analysis report
 Key variables to locate of resilient or non-resilient charging points: uniformity of
supply, density and occupation of car parks. The charging point nominal power
depends on the users and areas of the city, on-street and off-street should be
differentiated;
 Due to EV growth, by 2020, the total number of charging points needed to supply
the demand will be 331 charging points.
2. Infrastructure design and installation report
 300 meters is the maximum recommended distance between the rail network and
the recharging point. Each point should have its own study;
 Recommended AC 420 V connection on the substation transformers bars;
 Plan a scalable network growth involving the main stakeholders considering the
impact in the social cost and plan the usage of an alternative power source when
PT peak time through a competitive management model.

3. Operational model definition report
 Power usage during daytime could be a combination of the maximum PT excess
energy and other sources. During night-time, the charging system could benefit
completely from PT due to rail services schedule;
 The charging manager is the only part able to sell energy. This role can be done
by the PTO or by the car park manager, this is not only important in financial
terms but also has consequences on the maintenance responsibilities.
4. Legal report
 Actual Spanish decrees and regulations have been taken into account, looks
likely they’re going to be more open, so there will be more opportunities;
 Currently the most likely scenarios to be approved are the ones when there is
only one charging manager (PTO to car park manager) and the end user is
related to the public administration.
5. Strategy definition report
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The Strategy definition created by B:SM consists on the statement of five strategic
lines that, according to the conclusion of the project, should be followed in order to
achieve the objectives defined by the city.
To define those strategic lines the project team has interviewed the most relevant
stakeholder’s representatives, sharing the conclusion of the analysis done and working
to find the most common interest in the lines defined.
The lines try to reflect the holistic approach that the study has had, including the main
actions that should take place according the four perspectives stated by Kaplan and
Norton:
 Financial
o State a service price aligned with city policies.
 Customer
o Establish alliances with public service fleets;
o Develop an open information, booking and payment system.
 Internal Processes
o Define a single public EV recharging point network manager.
 Learning and Growth
o Expand the EV recharging point network through efficiency and
resilience.
These lines will be described on the following points along with the motivation and
main actions to take place on the near future to achieve the goals defined.
5.1. State a service prices aligned with city policies
Barcelona city council has defined clear mobility goals, stating on the PMUS document
(Sustainable mobility urban plan) that the main goal is to reduce the private vehicle
use in favour of more sustainable transportation modes. On the other hand, the service
price must be an appeal to users to consider changing their combustion vehicles to
less pollutant electric vehicles.
Following the main lines stated by the city council, the service prices should take into
account the following points:

|47

Barcelona Final Use Case Report

 The price for private car registered users should not be, in the case of 30
minutes charge, much lower than the lowest reference in the mileage equivalent
for combustion vehicles, remaining reasonably lower;
 The price for private car registered users, in slow charging mode (8 hours),
should be lower than for the fast charge for mileage equivalent energy, the
hours of parking should be the main driver of cost;
 The price for private car unregistered users should be considerably higher than
the price for registered users;
 Registered users could benefit from different discount schemes, based on
prepayment, off-street slow charge use or off-peak hour use;
 There will be a different price scheme for non-private electric vehicle users.
Those will also benefit from discount policies.
This strategic line comprehends the following actions:
 Benchmark analysis for EV recharging services prices;
 Definition for private user prices and promotion policies;
 Definition for non-private user prices and promotion policies.
5.2.

Establish alliances with public service fleets

It is important to focus on the transportation sector that, giving a necessary public
service, produces more kilometres within the city and consequently, have a social
impact for its activity. This kind of user includes the following:





Public services fleets;
Taxi fleets;
Urban freight distribution fleets;
Mobility sharing companies.

The following points exemplify the impact that this kind of fleets can have on the city:
 Taxis can drive between 260 and 320 km per day;
 Freight distribution around the city drive different kilometres depending on the
type of freight transport: for cars the average is between 30 to 75 km per day, for
motorbikes the average is up to 30 km per day and for vans the average is
between 45 and 75 km per day.
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Consequently, in order to maximize the benefits of the recharging points, the on-street
charging points should be prioritized for public electric fleets use.
The expansion of the network should be partly done according the necessities of this
kind of users, that way, the new points will have a more defined feasibility.
This strategic line comprehends the following actions:
 Map, define and prioritize the public service fleets.
 Establish alliances with main public service fleets.
 Define a round table to participate in the definition of the EV recharging point
network expansion.
 Establish a commission to follow the goals defined and adding new fleets
according the priorities.
5.3.

Develop an open information, booking and payment system

As explained in the “Operational model definition report” the user should all the time
be acquainted with the network system, network situation, receiving real time data
about the status of the recharging points and having the possibility to book the
recharging service. The system will count on a predictive algorithm to help the user
find a spot at the time needed.
When starting the service, the user should be able to activate the service through the
smartphone or by using a card and to make the payment on an account based system.
It is important to state that for non-registered users there should be an easy system,
via credit card or via app, to pay for the service.
The user should also be advised about the time the car is charged and, consequently
it should be moved from the recharging point leaving space for other cars. In the case
of an enforcement action the user will receive the information once it has taken place
after the warning.
The system should also be interoperable with other European cities systems. This
interoperation will be accomplished by using open interoperability protocols in
coordination with major players such as the European commission.
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Being an account based system, the user will also have a space in which all of the
operations will be listed and can be managed for administrative reasons.
5.4.

Define a single public EV recharging point network manager

Given the stage of demand developing regarding the EV, the City Council considers
that the management of all charging points, on-street and off-street, should be done
with a sole public actor that ensures that the offer of this points is sufficient to cope
with the expected increase of the demand. This is thought as an improvement in the
electro mobility of the city of Barcelona for the positive synergy that can be generated
in the public management, following the EV plan: “Pla Director del Vehicle Elèctric”
and the LIVE platform. It will benefit the city in several points:
 Strategy to help the demand increase;
 Work for the sustainable improvement of the network based on the urban
resilience and looking into alternative energy distribution networks;
 Motivate public social services to use a 100% electric fleet.
The main characteristics of the network should be:






Less than 1 km between fast charging points;
Integrated management of the mobility in the city;
Sustainable growth and creation of urban resilience;
Guarantee charging points availability and their proper management;
Ensure an excellent public charging service developing the infrastructure and
having fixed prices for O&M costs;
 Ensure the infrastructure legalization following the Art. 1 Real Decret 647/2011,
May 9th
As in the past has happened with other not feasible systems, the public funding and
management should participate as an accelerator of the EV demand and allow other
private parties to enter in the operation once the technology and demand are
established as a major trend.
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5.5.

Expand the EV recharging point network through efficiency and
resilience

As learned on the demand analysis, the expected growth of the demand is not high
enough to guarantee the feasibility of all the new points to be installed in the network.
Giving this situation, the project recommendation for the efficient growth of the network
pass by the establishment of alliances with the stakeholders groups that are more
intense on the mileage of their vehicles, mainly aiming to public fleet services, taxi
fleets and urban freight fleets.
The project distinguished three situations regarding the source of the energy, either
having one source, national or railway or both sources on the same point. Given the
density of the railway system in the city, the idea would be to establish points as close
to the rail as possible, no matter what the initial source is. In this scenario, if in the
future the railway system exploits the possibility of a energy grid improvement, this
points can become resilient points having a double source of energy.
Finally, considering that, as studied, the feasibility of the system is clear on a point to
point approach, the agreement between main stakeholders is to study different
possible points to develop a pilot and put in practice the beginning of the Barcelona
resilient EV recharging point network.

Process evaluation drivers and barriers: Multi-purpose use of electric
PT infrastructure
The use cases focused on multi-purpose use of electric public transport infrastructure
(Pillar C) faced mostly regulatory challenges. The legal unclarity of the sale of
electricity was the most prominent issue for all use cases. In several countries, the
legality of energy and fiscal issues concerning the use of electric transport
infrastructure are not clearly defined. In some use cases, the sale of electricity was
tolerated temporarily, despite being only partially legal. In other cases, new laws on
this issue were in the process of being formulated, however this is a lengthy and
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ongoing procedure, which led to further uncertainties and delays in the implementation
of use cases. For one use case, however, the sale of electricity did not pose a legal
problem. In this particular city, the sale of electricity works through a licensing system,
with which the use case partners were already experienced.
Other legal unclarities for use cases were caused by the lack of billing regulations for
pricing of energy and service, as well as for the measurement of energy input into
electric vehicles. Further difficulties were the determination of charging sites due to
restricting infrastructure regulations, and the lack of available devices that allowed the
use of existing PT networks for charging purposes. Some drivers for Pillar C use cases
were infrastructural advantages in the installation of charging points. For instance,
where public parking spaces are managed by the city, site determination for charging
points is facilitated and building permissions are unnecessary, which reduces the
regulatory burdens for use cases to a large extent.
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6. Follow-up after the Use Case
A.4: Fast opportunity charging
The Eliptic project has brought several upgrades to the TMB infrastructure. The fast
opportunity charging point built at Maristany Street, which is connected to the TMB
metro grid, is one of them and will continue to operate in the future.
TMB in currently implementing a plan that runs from 2017 to 2021 which foresees to
continue implementing e-buses in its network to fulfil the cities’ objective to reduce CO2
and NOx. This plan has the objective to electrify 4 lines in the city of Barcelona (H12,
H16, V7 and V13). It also comprises the electrification of small buses devoted for short
local services.

Figure 12 Picture in which lines that will be electrified are highlighted

The plan to purchase the electric fleet is described in the following table. It shows the
current schedule of purchase which may change in the future due to political or other
concerns.
Bus type

Standard electric

Number of
buses

2018

2019

2020

37

2

20

0

2021

12
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Articulated electric

42

2

16

24

0

Mini electric

30

0

5

0

25

Total

109
Table 4 Plan to increase the number of electric buses (2018-2021)

Line H16, which has seen the pilot in which two 18m long e-buses from Solaris
company were tested, will be the first to be converted into a fully electric line using the
fast-opportunity charging scheme. For this purpose, a first contract has been
performed to purchase 7 e-buses including 7 chargers at the depot. A near future
tender will be launched in order to purchase the remaining buses to fully convert the
line into electric. The scheme followed to operate this line will follow the same operation
as in the Eliptic test. Fast opportunity chargers at the two headers and slow overnight
charge to balance batteries at the depot. The charging scheme is explained in the
following figure.

Figure 13 Scheme of power supply of line H16 once it becomes fully electric

The plan is to increase the number of fast opportunity chargers at headers from one to
two to increase the charging reliability and cope with possible incidences. The following
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figure shows how the headers will look like once the new fast chargers are built. Having
two of them it will be easier to cope with schedule irregularities which in Barcelona
occur with certain frequency due to city traffic interferences.

Figure 14 Scheme of the fast opportunity chargers at the headers of line H16

Aside from that, new slow chargers will be needed at the depot to recharge the buses
in a slow mode to balance them. This procedure is extremely important to preserve the
durability of batteries. Chargers at the depot will be similar to the ones installed for the
Eliptic test and will consist of 22 50kw chargers. These have already been tendered
and will be placed at the Triangle depot were currently line H16 stores its buses
overnight.
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Following TMB’s plan to use electric energy from its own sources such as the metro
electric grid, the 22 slow chargers will be sourced from a nearby substation of the
metro. The following picture shows the plan to install the chargers and its connection
to the metro grid.

Figure 15 Energy connection to the metro substation

Figure 16 Layout of the chargers installation at the depot
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It is foreseen that line H16 will be fully electric in 2018 and the other planned lines to
become electric will follow.
The economic impact of TMB’s strategy is relevant since the implementation of ebuses has a greater Capex affect that conventional diesel and GNC buses. From the
Opex point of view, e-buses are much cheaper in comparison but the initial effort has
been estimated to be around 2,6 times more expensive. This figure considers the extra
costs of e-buses with respect to diesel and GNC buses and the installation of all the
required charging stations.
It is important to highlight that scale economies do also have an impact on the
electrification of bus lines. Since e-buses operating on an opportunity charging scheme
need only 2 to 3 hours of overnight charge, depot chargers can be used by more than
one bus each overnight period hence reducing the need to install as many chargers
as buses. This operating procedure will increase the need to bus management in the
depot but the economic cost reduction could pay off.

|57

Barcelona Final Use Case Report

C.3: Use of railway sub-station infrastructure for recharging electric
vehicles
Work undertaken in Pillar C has demonstrated that the electricity rail grid can be safely
used to recharge electric vehicles with no adverse effects on rail operations and that it
can be, without doubt, technically and economically viable.

It is important to focus on the transportation sector that, giving a necessary public
service, produces more kilometers within the city and consequently, have a social
impact for its activity. This kind of user includes the following:





Public services fleets;
Taxi fleets;
Urban freight distribution fleets;
Mobility sharing companies.

An extensive further investigation will be made to determine the geographic distribution
and temporal variation in power demand of this kind of users.
The achieved knowledge and findings of the Pillar C Use case execution are
manifold:
 Gain experience of the operational, infrastructural and legal reliability;
 Gain skills and knowledge about the specific energy requirement (battery,
auxiliaries) for these electric charging points, and;
 Gain experience of the operational reliability and availability of the related
charging infrastructure.
According to the conclusion of the project, the Strategy definition created by B:SM consists

on the statement of five strategic lines that should be followed in order to achieve the
objectives defined by the city. The lines try to reflect the holistic approach that the study
has had, including the main actions that should take place according the four
perspectives stated by Kaplan and Norton:
 Financial
o State a service price aligned with city policies
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 Customer
o Establish alliances with public service fleets;
o Develop an open information, booking and payment system.
 Internal Processes
o Define a single public EV recharging point network manager.
 Learning and Growth
o Expand the EV recharging point network through efficiency and resilience.
These lines have been already described above in the section on main evaluation
results in this document.
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7. Conclusions
A.4: Fast Opportunity charging
General considerations
The operator TMB is a big company that is ruled by rigid labour agreements. This fact
has had an impact on the operation of the electric buses. The implementation of ebuses changes several aspects of the normal operation of a bus line. As any operator
that is introducing new technology, TMB has faced and is facing some unexpected
drawbacks.
E-buses require new job functions to bus drivers such as the control of the charging
process, the communication of failures, the possible change in the waiting time at the
header due to increased charging time. Since labour agreements are very strictly
defined, bus drivers demand extra benefits due to increased responsibility for their
jobs.
Also, the regular scheduling of buses will experiment a change when line H16 becomes
fully electric. Fast opportunity charging systems require a small increase in the fleet to
ensure operation reliability (it is foreseen that line H16 will require two more buses). A
rescheduling of buses will be required, and the operation control systems will also be
different.
The introduction of electric buses also requires new technical jobs in the field of
electricity technicians. Hence, new jobs will be created, and new education programs
will be needed to satisfy the demand.
The need for buses running on an opportunity charging basis to charge at night
presents a further challenge at the depot. E-buses require of a 2-3 hour charge at
depot which means that new chargers will be needed. TMB has decided, at least for
line H16, to install one charger per bus at the depot. Despite that, it seems unfeasible
to install a charger for each bus if the fleet continued to shift to electric. For this reason,
the management of buses in the depot is a challenge for operators not willing to install
hundreds of chargers.
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Also, the installation of fast opportunity chargers on-street presents several challenges.
At least in Barcelona, this results in serious threat since the city council is reluctant to
install these systems at street level. Permits are difficult to obtain, and several
departments such as the townscape department present several obstacles to their
implementation.
Conclusions when comparing the experience of using opportunity fast charging in
contrast with the slow overnight charging:
 Need for the availability of lower electric power and shorter periods of charge in
the depot in case of opportunity fast charging, which would make planning with
articulated buses more favourable;
 In contrast, the infrastructure is much more complicated to manage when it is on
the public street since the procedures and conditions of the actions must be
carried out in public places. Moreover, it is required much more demanding
electrical infrastructure maintenance than slow overnight technology, with more
demanding SLA's;
 On the other hand, line regulation is more complicated in case of opportunity fast
charging than slow overnight technology as online charging becomes a critical
process. In this aspect, we are evaluating several possibilities to lower the degree
of criticality at this point. The driver is subject to a greater rigidity in his schedule,
and he also has new activities such as the process layout and the recharging of
these buses;
 The range of these buses with this technology is unlimited, which makes it very
advantageous for lines with much-extended schedules.

General issues occurred:
 In case of opportunity fast charging, we found a high level of noise due to the
ventilation system due to the electric transformer system. This issue is especially
significant if the charger is placed close to residential areas. A solution for this
issue is to use energy directly from a grid that does not require an electric
transformer or that it can be placed in another location. An example of this is the
new strategy of TMB to connect all chargers to its metro grid. This solution would
help reduce the noise created at the charger location;
 Other problems occurred during the test of opportunity chargers were the
malfunctioning of one coil rectifier which leads to reduced charging power for two
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months. These problems occur when using new technology, so it should be taken
into consideration by other operators when installing such systems;
 Communication between the charger and the bus has also presented problems
during the testing phase.

Pillar A use case A4 - main final conclusions
After having analysed both the slow overnight charging system and the fast opportunity
charging system, TMB has decided that the system that best suits their operational
requirements is the fast opportunity charging system. The reason is mainly due to the
possibility to reliably have buses operating for 16 hours. This was not totally possible
with the night slow overnight charge due to lack of range.
Despite of that, TMB finds necessary to increase the reliability of the fast-opportunity
charging system to ensure schedule regularity. For this reason, TMB decided to
increase the number of fast chargers at headers from one to two. This measure helps
to increase service regularity and better cope with technical failures.
In conclusion, TMB has learned during the Eliptic project several aspects of electric
bus operation and is convinced that this technology will help reduce environmental
pollution as well as to reduce the costs of bus operation. As mentioned in the previous
chapter, TMB is committed to continue implementing electric technology to operate
buses and for that reason 4 lines are planned to turn electric by 2021.

C.3: Use of railway sub-station infrastructure for recharging electric
vehicles
Pillar C main final conclusions
There are four steps created by B:SM in order to define its strategic analysis: Defining
the city needs, understanding the main stakeholders, the SWOT analysis and finally
the strategic definition.
The City Council of Barcelona and Catalonia have defined the main objectives for the
city: create a more sustainable city decreasing greenhouse gases, have a reasonable
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EV growth differentiating between private and public EV users and keep the balance
between offer and demand to make the charging service efficient and effective. Both
entities have concluded that the three objectives could be achieved having an only one
charging manager for the city of Barcelona.
B:SM is aligned with the municipal strategies and is a great driver for electro mobility
change. The stakeholders are key players for the strategic actions created by B:SM,
Industry, Academics, Public Administration and Users are together involved in the Live
Platform that is the tool to achieve a sustainable mobility in the city of Barcelona.
The SWOT analysis carried out is the tool of the strategic planning that focus on the
Strength, Weakness, Opportunity and Threat of the EV mobility in Barcelona.
It clearly shows the robustness of the public rail grid and its enough available capacity
to power growing demand of recharging points in the city, particularly during off-peak
times and at nights. Despite this, incentives at all levels of government should be
enacted, in addition, preferential parking for EVs, reduced local excise taxes and tax
credits. Until the costs and availability of EVs and charging infrastructure decreases,
financial and other incentives are necessary to encourage people to embrace this new
technology.
The five strategic actions created by B:SM after having interviewed the main
stakeholders are thought as the conclusions of the four documents studied previously:
Infrastructure design and installation report, Demand analysis report, Operational
model definition report, Legal report and Strategic analysis report. To be able to
achieve the goals of the five strategic actions, four perspectives are followed in every
of them: Financial, Customer, Internal Processes and Learning and Growth.
Strategic actions:
State service prices aligned with city policies
The main goal is to reduce the private vehicle use in favour of more sustainable
transportation modes, furthermore, the service price must be an appeal to users to
consider changing their combustion vehicles to less pollutant electric vehicles.
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Establish alliances with public service fleets
Focus on the transportation sector that produces more kilometres within the city and
consequently, have a social impact for its activity (public services fleets, taxi fleets,
urban freight distribution fleets and mobility sharing companies). On-street charging
points should be prioritized for public electric fleets use. The expansion of the network
should be partly done according the necessities of this kind of users, that way, the new
points will have a more defined feasibility.
Develop an open information, booking and payment system
The user should all the time be acquainted with the network system, network situation,
receiving real time data about the status of the recharging points and having the
possibility to book the recharging service.
The system will count on a predictive algorithm to help the user find a spot at the time
needed, for non-registered users there should be an easy system, via credit card or
via app, to pay for the service.
The system should also be interoperable with other European cities systems.
Define a single public EV recharging point network manager
The management of all charging points, on-street and off-street, should be done with
a sole public actor that ensures that the offer of this points is sufficient to cope with the
expected increase of the demand. This is thought as an improvement in the electro
mobility of the city of Barcelona for the positive synergy that can be generated in the
public management.
Expand the EV recharging point network through efficiency and resilience
The feasibility of the system is clear on a point to point approach, the agreement
between main stakeholders is to study different possible points to develop a pilot and
put in practice the beginning of the Barcelona resilient EV recharging point network.
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APPENDIX
Table: KPI’s for the fast opportunity charging case
KPIa)

Unit of
Measurementa)

No ELIPTIC Scenario Value

L20

Fleet

Unit

Standard fleet

Composition

H16

Articulated
fleet

ELIPTIC Scenario Value

L20

Standard
fleet

H16

Articulated
fleet

Unit

14

19

14

22

Driving staff

man/vehicle

2,07

2,15

2,13

2,14

Maintenance staff

man/vehicle

0,15

0,18

0,15

Staff for
recharging/refuelling
operations

man/vehicle

0,02

0,02

1,00

1,00

man-month/vehicle

3,3

3,96

3,3

3.96

Passenger capacity (line)

pass/h

1139,00

1968,00

Service coverage

km/veh

117

124,54

132,02

132,03

places/veh

1347,86

1525,20

2358,75

1525,20

%

-

0,04

-

vehicles/route km

14

20

8

Operational
Vehicles

Maintenance workload

Daily supply

Regularity

Peak vehicles
requirement

1968,00

21,00
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KPIa)

Unit of
Measurementa)

No ELIPTIC Scenario Value

L20

Durability of charging
infrastructure

years

Durability of traction
battery*

years

Durability of vehicles

Commercial speed

H16

ELIPTIC Scenario Value

L20

H16

12

15,00

-

-

7,5

years

12-15

12-15

12-15

12-15

km/h

10,19

10,46

10,45

10,55

events/h

6,7

8,00

%

85,4

79,36

89,4

76,12

Journey time

min

55,0

78,00

38,5

78,00

Round trip time

min

110,0

156,00

77,0

156,00

Operation time

h/vehicle

383,07

425,05

414,75

425,05

Charging time

% per vehicle

36,84

36,84

passkm

2.341.809

6.311.544,00

Operating cost (general)

kEURO/vehicle

6

5,80

Investment for the
network

kEURO/vehicle

2,33

8,33

Drivers operational costs

kEURO/vehicle

159.818,61

253308,73

104.426,56

289541,78

Bus frequency

Bus Punctuality

Passenger demand
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KPIa)

Unit of
Measurementa)

No ELIPTIC Scenario Value

L20

H16

Residual value of
vehicles (10-years)

kEURO/vehicle

39.166,67

56666,67

Residual value of
vehicles (15-years)

kEURO/vehicle

0

0€

kEURO/per
charging operation

0,00

0,00

Recharging
infrastructure

Electricty costs for
vehicles
Fuel costs

Revenues per passenger

Vehicle fuel efficiency

Fuel consumption

Recharging capacity

ELIPTIC Scenario Value

L20

130000,00

0

90 € MWh

0,00

kEURO/MJ

21,55

42,71

MJ/vkm

MJ/vehicle

0,00 €

0.0043 (per
opportunity
charge)

kEURO/vehicle

kEURO/passkm

H16

833

1360,68

vehicles/day

1,86 kWh/km

2,2158
kWh/km

227,75 kWh

282,67 kWh

1,00

2,00

Passenger noise
exposure

dB(A)

52

50

52

50,00

Driver noise exposure

dB(A)

55

53

55

53,00

Noise from on-street
recharging point

dB(A)

60 dB(A)
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KPIa)

Unit of
Measurementa)

No ELIPTIC Scenario Value

L20

H16

ELIPTIC Scenario Value

L20

H16

60dB

50 dB(A)

Noise from off-street
recharging point

dB(A)

EM Radiation*

Tesla

In accorance
with
European
rules

Awareness

%

Generally The
customer Is
satisfied
wiith this
buses.

Acceptance

%

Generally The
customer Is
satisfied
wiith this
buses.

Driving comfort

%

Generally The
driver Is very
satisfied with
this buses.

Acceptance

%

-

Generally The
driver Is very
satisfied with
this buses.

Key
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Table: KPI’s for the overnight charging case
KPIa)

Unit of
Measurementa)

No ELIPTIC Scenario Value

L20

Fleet

Unit

composition

Standard
fleet

H16

Articulated
fleet

ELIPTIC Scenario Value

L20

Standard
fleet

H16

Articulated
fleet

Unit

14

20

14

22

Driving staff

man/vehicle

2,07

2,15

2,13

2,14

Maintenance staff

man/vehicle

0,15

0,18

0,15

Staff for
recharging/refuelling
operations

man/vehicle

0,02

0,02

1,00

manmonth/vehicle

3,3

3,96

3,3

Passenger capacity
(line)

pass/h

1139,00

1968,00

Service coverage

km/veh

117

124,54

132,02

132,03

places/veh

1347,86

1525,20

2358,75

1525,20

%

-

0,04

-

Peak vehicles
requirement

vehicles/route km

14

20

8

Durability of
charging
infrastructure

years

Durability of traction
battery*

years

Operational
vehicles

Maintenance
workload

Daily supply

Regularity

12

1,00

1968,00

21,00

15,00

7,00
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KPIa)

Unit of
Measurementa)

No ELIPTIC Scenario Value

ELIPTIC Scenario Value

L20

H16

L20

H16

Durability of
vehicles

years

12-15

12-15

12-15

12-15

Commercial speed

km/h

10,19

10,46

10,45

10,55

events/h

6,7

8,00

%

85,4

79,36

89,4

76,12

Journey time

min

55,0

78,00

38,5

78,00

Round trip time

min

110,0

156,00

77,0

156,00

Operation time

h/vehicle

383,07

425,05

414,75

425,05

Charging time

% per vehicle

36,84

36,84

passkm

2.341.809

6.311.544,00

Operating cost
(general)

kEURO/vehicle

6

5,80

Investment for the
network

kEURO/vehicle

2,33

8,33

Drivers operational
costs

kEURO/vehicle

159.818,61

253308,73

104.426,56

289541,78

Residual value of
vehicles (10-years)

kEURO/vehicle

39.166,67

56666,67

Residual value of
vehicles (15-years)

kEURO/vehicle

0

0€

Bus frequency

Bus Punctuality

Passenger demand

130000,00

0

0,00 €

|73

Barcelona Final Use Case Report

KPIa)

Recharging
infrastructure

Electricty costs for
vehicles
Fuel costs

Revenues per
passenger
Vehicle fuel
efficiency
Fuel consumption

Recharging capacity

Unit of
Measurementa)

kEURO/per
charging operation

No ELIPTIC Scenario Value

L20

H16

0,00

0,00

ELIPTIC Scenario Value

L20

90 € MWh

kEURO/vehicle

kEURO/MJ

kEURO/passkm

0,00

21,55

42,71

MJ/vkm

MJ/vehicle

H16

833

1360,68

vehicles/day

1,86
kWh/km

2,2158
kWh/km

227,75 kWh

282,67 kWh

1,00

2,00

Passenger noise
exposure

dB(A)

52

50

52

50,00

Driver noise
exposure

dB(A)

55

53

55

53,00

Noise from on-street
recharging point

dB(A)

Noise from off-street
recharging point

dB(A)

EM Radiation*

Tesla

In accorance
with
European
rules

%

Generally
The
customer Is

Awareness

60 dB(A)

60dB

50 dB(A)
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KPIa)

Unit of
Measurementa)

No ELIPTIC Scenario Value

L20

H16

ELIPTIC Scenario Value

L20

H16
satisfied
wiith this
buses.

Acceptance

%

Generally
The
customer Is
satisfied
wiith this
buses.

Driving comfort

%

Generally
The driver Is
very
satisfied
with this
buses.

Acceptance

%

-

Generally
The driver Is
very
satisfied
with this
buses.

Key
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