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EXECUTIVE SUMMARY
Development Schemes summarize the most important outcomes and findings across
the different Use cases. The individual projects are therefore assigned to four clusters:
1) Electricity from existing public transport grids to power electric bus charging
points
2) Hybrid Trolleybuses
3) Energy recuperation and storage
4) Electricity from existing public transport grids to power multimodal charging hub
For each of these clusters, the most important technical, organizational and financial
points are summarized. They are derived from all available sources and findings of the
Business case development. The WP4 workshop series and the evaluation work from
WP3 served as most important data basis for this approach.
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1 Development Schemes
1.1 Clustering
Development Schemes represent a summary of the most important findings across the
different cities and use cases. In this sense, clustering is absolutely necessary and
expedient.
The individual use cases can be divided into four basic clusters (see Figure 1.1). This
classification is in coordination with other work-packages, especially WP3, in order to
ensure consistency.

Cluster

Use Case Cities

Electricity from existing public
transport grids to power electric bus
charging points

1

1.1

Connection to DC grid

Oberhausen

Leipzig

Warsaw

1.2

Connection to AC grid

Barcelona

Brussels

London

2

Hybrid Trolleybuses

Szeged

Gdynia

Eberswalde

3

Energy recuperation and storage

Brussels

Gdynia

Bremen/
Lanciano

4

Electricity from existing public
transport grids to power multimodal
charging hubs

London

Barcelona

Leipzig

Figure 1.1

Bremen

Szeged

Use Case Clustering

Cluster 1 comprises the ‘Pillar A’ Use Cases that were focused on connecting e-bus
charging stations to the existing local public transport grid. From a technical point of
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view, a distinction must be made here between the connection to the DC (1.1) and AC
(1.2) infrastructure, as this presents other challenges.
Cluster 2 comprises the Pillar A use cases that were focused on hybrid trolleybuses,
i.e. electric trolleybuses with additional batteries. These enable the operation of
sections without overhead lines and thus the operation on former diesel bus routes.
Cluster 3 deals with the topic of energy efficiency improvement in public transport
grids, mainly through the use of energy recovery/storage. It thus includes the ‘Pillar B’
use cases.
Cluster 4 includes the use cases of ‘Pillar C’. These were centred around the aspect
of using electrical energy from the existing PT network to operate multimodal charging
hubs (pedelecs, private electric cars, etc.).

1.2 Content & Structure
For each cluster, the most important findings are summarized and highlighted. The
results are strongly linked to the WP3 outcomes, especially the ‘Technological Viability
Evaluation’ [2]. They can be roughly classified as follows.

• Technical opportunities, challenges and the demands
• Required competences and methods/tools (personnel and operation)
• Financial impact and possible funding opportunities

14-Jun-18
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1.3 Data Collection
1.3.1 Workshop Series
Figure 1.2 shows the basic path from use case to business case and development
schemes from WP4 perspective. The most important element of WP4 was a series of
three workshops with the respective use case partners.

Tool
Workshop 1

RWTH Simulations

Workshop 2

RWTH Simulations and Business
Case investigations

Workshop 3
Figure 1.2

14-Jun-18

Task
Definition of Use Case Scenario
Data collection

First TCO calculations
Optimization of scenario

Presentation of first results
Re-adjustment of input parameters
Exchange of experience from real operation

Adjusted TCO calculation
- including scaling effects
- including CBA
Presentation of final results
Final re-adjustment
Definition of Business Case

WP4 development from Use Case To Business Case
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In the course of this series, a common understanding has been established, which
later enabled the creation of Business Cases and the corresponding derivation of
Development Schemes.
The following questions (with proposed topics) were posed to the use case partners at
the last workshop:
-

What were the most significant challenges and demands?
 funding procurement
 Find suitable technical solutions/locations + building permissions for charging
infrastructure
 tendering process

-

What were the most important required competences and methods/tools?
 Planning process (selection/design of route & specification of buses): use of
external services / in-house analyses -> what in detail?
 Required competences of employees (planning and maintenance of electrical
infrastructure)

-

What were the most important necessary efforts?
 Training of employees
 Clarification of legal issues

-

What were and are possible funding opportunities
 National / European funding
 EIB

As part of the process evaluation, the following questions (among others) were asked
to the use case partners:



14-Jun-18

Which of the following stakeholders played important roles in the
implementation of use cases? (workers, drivers, local politicians, …)
Please mention the main sources of funding for your Use Case implementation
and rank them by their volume (European, National, Regional funding, industry
investment, …)
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1.3.2 Input from other Work Packages
Surveys were mainly conducted within the framework of WP3 (KPI) and WP5. In order
to avoid multiple queries and thus relieve the PT operators, results from these surveys
were also used for the development schemes, since the contents overlap directly.

Figure 1.3 Siemens Use case questionnaire [2]

The “Technological viability evaluation - strengths, weaknesses, opportunities and
threats of electrification technologies” [2] report is therefore used as important
information source and will be referred to. In addition, the final use case reports of the
cities serve as important input, as they contain the final results stated by the operators.
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1.4 Results
1.4.1 Cluster 1 - Electricity from existing public transport grids to power
electric bus charging points

Figure 1.4

Connecting e-bus charging stations to the existing public transport
infrastructure (AC or DC)

City

Use Case Description
Cluster 1.1: Connection to DC grid

Oberhausen

A7: Use of tram infrastructure (catenary and sub-station) for
(re)charging e-buses

Leipzig

A6: (Re)charging of ebuses using tram infrastructure

Warsaw

A5: Use of tram infrastructure for recharging e-buses
Cluster 1.2: Connection to AC grid

Barcelona

14-Jun-18

A4: Opportunity (re)charging of electric buses based on metro
infrastructure
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Brussels

A3: Progressive electrification of hybrid bus network, using existing
tram and underground electric Infrastructure

London

A2: Opportunity (re)charging of ebuses and/or plug-in hybrid buses
(using metro infrastructure)

1.4.1.1 Technical Opportunities, Challenges and Demands
+
Robustness of public transport grid,
Usage of spare capacity
Operator in control of own grid
Planning etc. comparable to public grid
connection or better

Charging of buses has second priority,
trouble-free operation of railway system
must be ensured
Lack of interoperability of charging
stations (connection and protocol)
Robustness of charging systems must
be improved (especially w. DC input)

The robustness of the public transport network is proving to be a technical advantage.
During planning, however, suitable locations at which connection to the existing
network is possible must first be identified. The tasks are very individual and differ from
city to city. One advantage of the concept is that the data (regarding grid connection
etc.) can be accessed in-house and does not necessarily have to be requested from
third parties. Planning, implementation and maintenance efforts are claimed to be
comparable to those of connecting to the public grid. The main technical and
operational roles are available within the operators’ staff.
A disadvantage is that only the second priority is given to charging the electric buses.
Furthermore, the interoperability of different charging systems must be significantly
improved. There is still a lack of standardization, both in terms of the connections and
the charging protocols used. In this respect, further efforts are being made, for
example, in the European research project "Assured".
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According to the technical viability evaluation (Siemens) [2], a technical and
organizational gap remain to be closed in order to fully implement the concept:
“The technical gap involves the development of a robust technical solution that can
take advantage of the public transport grid for the particular case of charging electric
buses. This includes power management and monitoring to manage the overall
demand in the most effective and efficient way. Energy storage solutions and careful
schedules of operation and charging shall manage and optimize the demand on the
public transport grid, and complement it with the public distribution grid when
necessary.
The organizational gap concerns the present role of public transport operators. The
management of large electric fleets, both on fixed (metro, tram, trolleybus) lines, as
well as flexible bus routes will require a comprehensive control and management of
charging points distributed throughout the service area. Given the rigid and limited
availability of connection points to the public transport grid, connecting to the public
distribution grid is thus inevitable and potentially also beneficial. This calls for the role
of the public transport operator to be extended to that of an energy manager.”

The technical challenges differ significantly with regard to the selected grid connection
(DC or AC) and are therefore processed separately in the following chapters.

14-Jun-18
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1.4.1.1.1 Connection to the DC grid (1.1)

Figure 1.5

Connection of e-bus charging station to the tram overhead wire
(DC)

With regard to the connection to existing DC railway networks, important findings were
collected in Oberhausen, Leipzig and Warsaw. It turns out that the concept is
technically possible, but there are things to consider. However, it should never be
forgotten that these are initial technical demonstrations that are intended to point the
way for the future!
One of the biggest problems is the nowadays very small market and the corresponding
lack of availability of manufacturers. This experience was made, for example, in
Warsaw, where only one bidder bid on the tender. Delivery was greatly delayed and
has not yet taken place upon completion of the project (as of end of May ’18).
In addition, some of the offered solutions have not yet reached their final technical
maturity, resulting in disruptive effects and longer outages. There have been harmful
repercussions in the vehicles which led to some severe damage. These could be
eliminated by adjusting the mains filters.
Furthermore, in Leipzig it occurred that the charging station failed when vehicles
passed by because the voltage drop across the connecting cable was too high.
All these experiences should be taken into account by the operators and
manufacturers in order to be able to present a successful operation in the future with
this concept.
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1.4.1.1.2 Connection to the AC grid (1.2)
No special technical issues have been encountered within the project when connecting
to the AC grid. There is a (bigger) market for suitable charging stations and the
technology is (more) reliable. In London, a special focus is placed on the topic of
network perturbations, as the network of the LU must not be disturbed under any
circumstances.
1.4.1.2 Efforts in Personnel and Operation
+
Technical and operational roles and
knowledge are available in-house for
tram/metro operators (regarding
infrastructure)
Bringing together different departments
and people is beneficial (London)

Staff training necessary for electric
buses, retrofitting of workshop (big task
for 100 % electrification)
Increased monitoring, planning effort
(battery)

As far as the staff is concerned, it is a great advantage for the introduction of electric
buses to already have and operate electrical infrastructure. This provides sufficient
experience in the design, operation and maintenance of electrical systems. For pure
(diesel) bus operators this lack of in-house competence means a much more difficult
entry to electric mobility.
However, the retraining of bus maintenance personnel to electric buses is a great
challenge, also for operators with tram/metro operation. For this reason, there are
operators who are currently handing over the maintenance of electric buses to the
manufacturer in the form of a maintenance contract (Brussels).
It is also stated that it can be expected to find enough qualified personnel available on
the market (Brussels).
In London, the cooperation of different departments of TfL and LU, which was not
existent beforehand, proved to be an important success factor.
Monitoring the use of the electric buses involves additional effort, as the battery in
particular is an additional variable that must be strongly included in the planning.

14-Jun-18
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Independent determination of the actual battery status is also an open issue for
operators.
Due to the fact that the reliability of electric buses is currently not usually the same as
that of diesel buses (even though the gap is closing), a slight increase in personnel
expenses is to be expected.
1.4.1.3 Financial & Funding
+
Positive image of the concept
Business Case is recognizable for the
near future

Political will is seen as main risk

The acquisition of appropriate funding and the conviction of local politics is generally
seen as a very important issue. This includes the procurement of buses and in
particular the construction of infrastructure (charging stations in the city and new
depots suitable for electric buses).
Possible funding opportunities are based on national and regional funding. European
funding is possible too, but in a smaller amount.
With the help of the WP4 studies (‘Final Business Cases’, chapter 3, [1]) it could be shown
that the concept can also be a business case in the near future. The investment costs are
higher, but the running costs are expected to be lower (especially energy costs).

14-Jun-18
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1.4.2 Cluster 2 – Hybrid Trolleybuses

Figure 1.6

City

Hybrid Trolleybuses

Use Case Description

Szeged

A11: Replacing diesel bus lines by extending trolleybus network
with trolley-hybrids

Gdynia

A9: Replacing diesel bus lines by extending trolleybus network with
trolley-hybrids

Eberswalde

A10: Replacing diesel bus lines by extending trolleybus network
with trolley-hybrids

1.4.2.1 Technical Opportunities, Challenges and Demands
+
Trolleybuses offer superior reliability and (Semi-)automated (de)wiring
energy efficiency compared to Diesel
technologies not available yet
Operators are in control of their own grid Batteries used are not standardized –
problem for replacement,
issues with thermal management
occurred

14-Jun-18
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Additional batteries increase grid
receptivity

Current capacity of the pantograph limits
the charging capacity, especially when
standing
Power demand of the grid will be
significantly increased with 100 % trolley
hybrid buses

In general, trolley buses are a proven technology with a similar availability to diesel
buses. The use of batteries in the buses now makes it possible to operate on new,
overhead line free routes/route segments. At the same time, the additional consuming
component (battery) increases the receptivity of the network and recuperated braking
energy can be used more efficiently.
From a technical point of view, however, the Hybrid Trolley concept is not yet perfectly
mature. Automatic on- and off-wiring during drive is not yet possible, even if
corresponding solutions are being developed.
A considerable issue is also the standardization of batteries, especially the battery
management system. An exchange of packs/modules in a few years could become a
problem, especially when other manufacturers get involved.
When charging the batteries, the transferable power is strongly limited by the
pantographs. This is especially the case at standstill, as the high currents heat up the
connection. Furthermore, looking into the future, it becomes clear that if the entire fleet
will be equipped with batteries, this will lead to a significant increase in the power
demand in the grid. The corresponding capacities must therefore be kept in mind.

1.4.2.2 Efforts in Personnel and Operation
+
Technical and operational roles and
knowledge are available in-house
Staff training not necessary, electric
workshop available

14-Jun-18

Staff needs to be familiarised with new
elements such as batteries
Increased monitoring, planning effort
(battery)
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From the personnel's point of view, the trolleybus operation is not significantly changed
by the additional component. The staff is already trained on the electrical topics and
the workshop is equipped accordingly. Of course, the battery as an additional element
needs additional attention, but the challenge for such companies is less. When
planning and monitoring operations, the behavior of the energy storage must be taken
into account, which can lead to additional effort and require new management systems.
1.4.2.3 Financial & Funding
+
Positive image of the concept

Competition with diesel bus operators
who currently operate lines

Business Case is recognizable for the
near future
The acquisition of appropriate funding and the conviction of local politics are generally
seen as a very important, if not the most important, issue (see Cluster 1). This includes
the procurement of buses and in particular the construction of infrastructure.
Funding is also provided from national and European sources. In particular, European
funding is of great importance (Gdynia). In general, the operation of the systems is
positively received and meets with acceptance.
From a local political point of view, however, the interests of diesel bus operators,
which are to be seen as competitors, must also be safeguarded. This results in a
conflict when trolley hybrids are used on actual diesel routes.
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1.4.3 Cluster 3 - Energy recuperation and storage

Figure 1.7

City

Cluster 3 examples: bi-directional substation (left, Brussels) and
stationary energy storage (right, Gdynia)

Use Case Description

Brussels

B2: Optimised braking energy recovery in light rail network

Gdynia

B3: Optimised braking energy recovery in trolleybus network

Lanciano

B4: Light rail (tram) operation for rural rail track
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1.4.3.1 Technical Opportunities, Challenges and Demands
+
Increased system efficiency/stability
Lack of adverse effects

Determination of suitable locations,
operation not useful everywhere
Space requirement of energy recovery
systems, e.g. inverter (especially in
central areas)

Technologies (Inverter, Connection)
ready for commercial operation
The investigations showed that the use of such technologies can have positive effects
and can increase system efficiency. However, this is not generally valid, since the use
of such systems does not make sense at every location and thus must be carefully
designed.
In principle, the technologies are available and have already proven themselves in
operation, so they can be seen as ready for commercial operation. However, this
assessment depends on the chosen technology (inverter, flywheel, supercapacitors,
battery) and manufacturer.
An important point is the space requirements. This must be taken into account when
selecting suitable locations, as there is not enough free space available in all
substations. In Brussels, for example, not all substations were suitable in terms of
space for installing an additional inverter.
1.4.3.2 Efforts in Personnel and Operation
+
Experienced staff available in general
No changes in operational process

Maintenance effort for new systems
Planning/installing effort requires
internal and external experts

The operators generally have trained personnel, but additional internal and external
specialists may also be required for this task. Especially the design of the system,
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which includes a detailed study of the network to find the best positions, requires
additional personnel.
Installation and maintenance of the systems are associated with a higher expenditure,
especially if it concerns quasi-prototypes.
No changes in operational process are expected/declared.
1.4.3.3 Financial & Funding
+
Partially Business Case (Gdynia)
Potential for development

No positive Business Case (Brussels)
High investment costs, revenues not
directly visible
Comparatively small market for energy
recovery systems in public transport (but
growing)

The usefulness of such systems depends very much on the network under
consideration. Generally speaking, the use of the systems in strongly interconnected
networks with a high number of vehicles is probably not sensible, since these are very
receptive anyway and the braking energy can therefore be used directly.
This is the case on the tram network in Brussels, which is why the investigations there
were rather negative. In Gdynia, on the other hand, positive experiences have been
made, both using a supercapacitor storage system in a hilly, low frequented area, as
well as interconnecting two line segments.
The disadvantages are the rather high investment costs of the systems and the not
directly obvious advantage or the long payback periods.
In general, the market for such systems is also quite small, which is a disadvantage
but holds the potential for future developments.
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1.4.4 Cluster 4 - Electricity from existing public transport grids to power
multimodal charging hubs

Figure 1.8

Connecting EV charging stations to the existing public transport
infrastructure (AC or DC)

City

Use Case Description

London

C2: Use of metro sub-station for (re)charging TfL support fleet
vehicles (e-cars & e-vans) and zero-emission capable taxis (rapid
charging hubs).

Barcelona

C3: Use of metro/tram infrastructure for recharging e-cars (municipal
fleet and private e-cars)

Leipzig

C4: Use tram network sub-stations for (re) charging e-vehicles

Oberhausen

Szeged

14-Jun-18

C5: Fast-charging stations for e-cars powered from the tram network
C6: Multipurpose use of infrastructure for (re)charging trolley-hybridbuses, e-bikes and e-cars
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1.4.4.1 Technical Opportunities, Challenges and Demands
+
Technology generally commercial
available (metering excluded)
Robustness of public transport grid,
Usage of spare capacity
Higher asset utilization rate

Not in all cases fully ready for specific
application
Lack of calibrated DC meters
Negative repercussions on the grid must
be ruled out

The technology is commercially available, but the market is quite small. In addition,
there are not ready-made systems for all specific requirements. One example is the
DC supplied multi-modal charging hub in Szeged. The advantages of the concept are
the use of the robust network and its better utilization. In this way, additional consumers
can increase receptivity and thus increase efficiency. However, the railway cars must
always be guaranteed trouble-free operation, as this is the first priority. For this reason,
negative repercussions on the grid must be ruled out, which could implicate additional
effort.
The most important deficiency for this concept is the lack of calibrated DC meters,
which makes clear and legally admissible billing of energy to third parties difficult or
even impossible (kWh-wise).
1.4.4.2 Efforts in Personnel and Operation
+

14-Jun-18

Required roles and expertise not yet
available in the organizations,
specialists available on market
Maintenance effort is considered higher
than for ordinary charging stations
Planning and implementation effort
expected higher
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The effects on personnel and operations are consistently assessed negatively. There
are no corresponding roles within the organizations or interfaces between them (e.g.
transport operator and network operator/charging station operator).
Maintenance requirements are also assumed to be higher, as many systems can still
be regarded as prototypes. In general, the use of the concept is still associated with
higher planning and implementation effort.
1.4.4.3 Financial & Funding
+
Stakeholders at all levels are mainly
supportive, positive image of concept

Costs are expected to be higher (than
connecting to public grid)
No Business Case visible for selling
energy to third parties
Legal framework unclear
Funding only partially available
Low number of electric vehicles

In general, it can be said that many of the involved stakeholders have a positive attitude
towards the concept, despite many adversities. The use of existing infrastructure can
also be presented as a positive idea, which could favor a further possible future
funding, even though now it is only partially available.
The current experiences show that the costs are higher compared to the connection to
the AC network. A business case cannot yet be presented for the concept. There is no
meaningful possibility of selling the electricity due to the lack of suitable DC measuring
devices. Beyond these facts, the legal framework (e.g. do public transport operators
become network operators?) are unclear and must be clarified and, if necessary,
adjusted (‘Final Business Cases’, chapter 5, [1]). The low number of electric vehicles
is currently still a negative point.
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1.5 Conclusion

All in all, positive and negative points can be identified across all clusters. In most
cases, it can be seen that the relevant specialist staff is already available in the
company, or is accordingly available on the market. In general, personnel and its
training is seen as probably the most important point, besides the procurement of
funding. The willingness and attitude of the companies towards the electrical projects
is also largely positive and funding possibilities are available. A business case is
emerging for the electric buses, while this is still pending for energy recuperation and
storage (Pillar B) and electric car charging from existing public transport power grids
(Pillar C). Further improvements must be pursued in the context of standardization.
For charging stations with direct connection to the DC grid, there are currently still very
few providers available, which makes procurement difficult. The quality of the products
must also improve in their technical maturity.
A major obstacle to the use of the existing infrastructure is the current legal framework.
At this point, corresponding simplifications and clarifications must be implemented.
Eliptic has made a valuable contribution in this overall context by initiating these
developments, which certainly have not yet reached the end but should be pursued
further.
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