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1. Executive summary
This Deliverable 2.14 provides a brief overview about the Pillar Use cases A7 and C5
conducted by the public transport operator Stadtwerke Oberhausen GmbH (STOAG) in the
City of Oberhausen. Furthermore it
 Describes the results and findings of analysis carried out;
 Presents the main evaluation results and;
 Finally outlines the follow-up activities and conclusions taken from the findings.

A.7: Opportunity (re)charging of ebuses (tram catenaries and substations)
The electric bus services on the urban bus lines 962 and 966 is in operation since
October 2015 and in general running well and is being well-received by the passengers, drivers
and staff members.
Based on the positive experience made during operation, from beginning winter 2018 on four
new electric buses will be operated on bus line 979 jointly with the neighbouring PT operator
“Vestische Straßenbahnen”. Three of the four new buses will be purchased by STOAG and
one by the other PT operator.
In general, electric buses have several advantages, such as low noise, few vibration and
smooth acceleration. Failures originated in the electric drivetrain rarely occurred during the
conducted demonstration phase. However, considerable training sessions are required for
drivers and staff in the control centre.
As long as there are few experiences about the actual total cost of ownership, it is of advantage
for the bus operator to implement a monitoring system, which allows an overview of critical
values, such as reliability and energy consumption. An online monitoring of error messages
and the state of charge of the bus battery proved helpful in daily operation.
There are several ways of electrifying a bus line. Extremes of possibilities lie in a bus with a
very small battery, charging in the terminals and a bus, which charges over night to then drive
its whole shift in operation. For now, scientifically, there is no clear choice of charging
infrastructure and operating strategy for all possible bus lines. Adequate planning is crucial to
determine which method is the most cost efficient for each bus line.
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C.5: Fast-charging stations for e-cars powered from the tram
network
As known from studies one of the most important trust barriers for the purchase electric
vehicles is the slow charging of the batteries. The existing DC tram infrastructure is also
suitable for fast-charging of other vehicles. Hence the energy supplier Energieversorgung
Oberhausen AG (EVO) decided to demonstrate how fast charging stations for cars and LEVs
can be implemented relatively cost effectively in cities with existing DC tram infrastructure and
thus enhance the rapid introduction of electric vehicles.
At the Oberhausen-Sterkrade train station from November 2017 such fast-charging stations
(in total three) were put into operation. The electricity is taken from the 750 V DC tram catenary
and transformed for the fast-charging stations powered with 50 kW usable by cars and LEVs.
The special feature of this technical solution is that the batteries can be loaded significantly
faster than by a conventional technology.
Experience about billing with the end customer has not yet been sufficiently gathered because
the use of the charging stations is currently free of charge.

|7

D2.14 Oberhausen Final Use Case Report

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
long-distance 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, Deliverable D2.14, describes in detail the main evaluation results for both, the
A7 and C5 Use cases carried out by the public transport operator of the City of Oberhausen,
Germany.
The report for the Use case A7 gives an overview of the introduction and operation of two 12m
electric bus on two urban lines and opportunity fast-charging at the terminus stations.
Furthermore in this report the results of the investigation about future business cases, a
process evaluation analysis, a CBA analysis and the evaluation results of selected KPIs are
incorporated. The findings will be used to reflect upon under which conditions and
requirements the electrification of the full bus fleet should be conducted.
The report for the Use case C5 demonstrates how the existing DC tram infrastructure can be
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used for fast-charging stations for private e-cars and LEVs relatively cost effectively in cities.
Like done for the Use case A7 the report covers a process evaluation analysis and evaluation
results of selected KPIs. Finally, the follow-up steps, lessons learnt and transferability potential
to other cities are outlined.

3. Use Case Overview
A.7: Opportunity (re)charging of ebuses (tram catenaries and substations)
In urban bus systems, mostly diesel vehicles are currently in operation. In order to reduce the
dependency on fossil fuels and to reduce the nitrogen oxide, particulate matter and noise
pollution in urban areas, the public transport operator Stadtwerke Oberhausen GmbH
(STOAG) introduced in cooperation with VRR (transport association Verkehrsverbund RheinRuhr) on 4th October 2015 the purely electric operation of electric buses in the city on the
urban bus lines 962 and 966.
The deployed electric vehicles – one standard 12m bus for each bus line – are SOLARIS
Urbino 12 with low-floor technology and air conditioning systems to maintain the usual
standard for urban buses operated by STOAG. The drive takes place by the electric wheel hub
motor ZF axle AVE 130 with two asynchronous motors.
The charging energy is either taken transformed from the tram catenary at the train station
Sterkrade (bus line 962 – route see figure 1 and 2) or from the sub-station at the station
Neumarkt (bus line 966 – route see figure 3 and 4). Part of the concept is that during regular
operation the electric buses do not need to be charged at the bus depot.
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Figure 1: Use Case Bus Line 962 (source: STOAG)

Figure 2: Images from the Train Station Sterkrade (source: STOAG)

This solution is especially used in the immediate vicinity of the tram catenary where several
waiting positions for electric buses are available and sufficient space for the implementation of
charging devices for other electric vehicles (private e-cars, LEVs) are available.
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Figure 3: Use Case Bus Line 966 (source: STOAG)

Figure 4: Pantograph on top of the SOLARIS Bus Roof and Charging Infrastructure at
the Station Neumarkt (source: STOAG)

This solution not only has the advantage of sharing the existing medium-voltage switchgear,
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the converter transformer and the rectifier of the sub-station, but also allows the weather-proof
placement of the charger in the sub-station. Hence there is no additional space required,
except for the mast and integrated charging device.
The power transmission takes place by means of a swing-conductively pantograph installed
on the roof of the bus. Through regular recharging during the turning time at both terminus
stations (Sterkrade and Neumarkt) the traction batteries can be sized smaller, which results in
less weight and cost-saving of the purchase price of a bus. All auxiliary equipment such as air
conditioning and heating are powered electrically. Nevertheless, the battery capacity is
dimensioned that in case of unforeseen events up to three charging cycles may be omitted.
The electric buses will run every hour with a turning time of 17 (line 962) respectively 14
minutes (966). The effective turning time is set with 10 minutes and the charging capacity with
220 kW. In winter, 25 kW of charging power for heating of a heat accumulator are used during
the charging time. As a result, the attainable driving distance is accordingly with the charging
capacity of 220 kW from 19.3 km to 28.9 km and during winter operation with 195 kW charging
capacity from 17.1 km to 25.7 km.

C.5: Fast-charging stations for e-cars powered from the tram
network
The existing DC tram infrastructure can also be used for fast-charging of other electric vehicles
like private e-cars and LEVs. Unfortunately, there are no charging stations available, which
can be operated with input voltages of 600 volts DC (+ 20% / ‐ 30%), allowing for the
immediate implementation of this technological solution/concept.
Hence STOAG in cooperation with the Energieversorgung Oberhausen AG (EVO) decided to
demonstrate how such fast-charging stations can be relatively cost effectively implemented in
cities and thus enhance the introduction of privately and commercially used electric vehicles.
In November 2017 such three fast-charging stations were put into operation at the
Oberhausen-Sterkrade train station. The electric power is taken from with 750 V DC tram
catenary and transformed for the fast-charging stations powered with 50 kW usable by cars
and LEVs. Via an unlockable two disconnectable circuit-breaker (see cabinet no 1 in the
following figure), an overvoltage protection and a catenary mast disconnecting switch the fastcharging devices for the electric bus and the three charging stations for the road vehicles are
connected with the tram catenary. The special feature of this technical solution is that the
batteries can be loaded significantly faster than by a conventional technology.
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Figure 5: Schematic Sketch of Fast-charging for e-Vehicles from the Tram Catenary
at the Train Station Sterkrade (source: Müller-Hellmann)
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4. Methodology
A.7: Opportunity (re)charging of ebuses (tram catenaries and substations)
The RWTH Aachen software based approach, as explained in the “Detailed Use Case
Scenario Descriptions” [1], has been applied to investigate STOAG’s electric bus mobility
project.
Very important part of this approach has been a series of three workshops in order to collect
and coordinate the most important parameters and to discuss the outcomes:

WS1

WS2
WS3

• definition of investigated use case scenario
• presentation of first results and reconciliation of parameters
• presentation and discussion of the final result --> Final Business Case

Based on the first workshop, the investigated scenario has been assigned. It comprises the
two standard electric buses on their operation on lines 966 and 962 (see Figure 6) including
the construction of the respective charging equipment.
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Figure 6: Schematic sketch of the investigated bus routes and their respective
operative parameters
Based on the methodology explained in [1], the operation of the two buses is simulated.
Thereby, based on the detailed route characteristics, the energy consumption is determined
for standard and worst-case conditions (Figure 7) by applying a vehicle model. This is done
by applying a vehicle model which calculates a power profile based on respective speed
constraints and machine parameters. The values are validated by real measurements
provided by STOAG with help of Viriciti-loggers.

200 kWh, line 962, Mo-Fr, Worst-Case

Figure 7: Simulated power and SOC curved for worst case conditions (2.6 kWh/km)
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Based on the calculated power profiles and the most important cost parameters obtained from
STOAG, the TCO (Total Cost of Ownership) of the project is calculated. This is done by using
a comprehensive simulation on order to calculate the net present value. It considers all relevant
technical equipment with its respective cost and lifetime expectations.
In order to create a business case, alternative technical configurations are evaluated and
environmental effects are considered. In addition, scaling effects concerning the usage of the
charging infrastructure are regarded.
A detailed elaboration of the investigations and outcomes can be found in the “Final Business
Cases” report.

C.5: Fast-charging stations for e-cars powered from the tram
network
Business case investigation not applicable for this Use case.
CBA analysis not applicable for this Use case.

Process evaluation methodology A.7 and C.5
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:
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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 (SWOTanalysis):





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).

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.7: Opportunity (re)charging of ebuses (tram catenaries and substations)
The performance of the Use Case lines 962 and 966 will be assessed by Key Performance
Indicators (KPIs) as a part of WP3. The selected KPIs are both quantitative and qualitative and
will be collected during two different periods ”No ELITPIC scenario” (before starting the Use
Case testing phase) and “ELIPTIC scenario”(during the Use Case testing phase), in order to
measure the impact of the measurements carried out.
Differently to other Pillar A Use Cases for the Use case A7 no economic related KPIs were
collected but instead an integrated system analysis (interaction existing power supply
infrastructure and new fast-charging components) was carried out.

Data collection for both periods (“Before” and “During”) took place as follows:
No ELITPIC scenario (Before))

ELITPIC scenario (During)

From January 2015 till June 2015

From July 2015 till April 2018

Table 1:

Use Case A7 KPI data collection periods (Before / During)

The Use case A7 is the only Use case for which both, No ELIPTIC and ELIPTIC scenario data
are available. As most of the KPI data were recorded by the first half of the year 2015, a full
comparison between the already operational diesel bus fleet and the newly-introduced electric
buses is possible.

For the No-ELIPTIC scenario (see Deliverable D31) originally in total 27 KPIs has been
selected where 16 out of them belong to the “Operations” Evaluation Category. Further
emphasis was given to assessing costs aspects, energy consumption and environmental
aspects. For all selected 27 KPIs yet data could be provided for both scenarios.
In the following table only those KPIs are listed for which ELIPTIC scenario data has been
collected.
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KPIa)

Unit of
Measurementa)

NO ELIPTIC
Scenario Valuea)

ELIPTIC Scenario Value

Preliminary
valueb)

Final Value

ELIPTIC
Scenario data
collection
ending date

Comments

c)

Ost1

Driving staff

3

3

Jun 2016

Ost2

Drivers workload

3.25

3.25

Jun 2016

Osu1

Passenger capacity
(line)

62

62

Jun 2016

Osu2

Service coverage

288

288

Jun 2016

Osu3

Daily supply

24

24

Jun 2016

Osu4

Regularity

30

45

Jun 2016

Osu5

Peak vehicles
requirement

1

1

Jun 2016

Oma2

Days in workshop
(or MTTR)

8

8

Jun 2016

Oma8

Durability of traction
battery

5

8

Jun 2016

Oma9

Durability of
vehicles

12

12

Jun 2016

Ose1

Commercial speed

21

21

Jun 2016

Ose3

Dwell time

0.5

0.5

Jun 2016

Ose6

Journey time

23

23

Jun 2016

Ose7

Round trip time

46

46

Jun 2016

Ose10

Charging time

15

15

Jun 2016

Ode1

Passenger demand

32.800

33.900

Jun 2016

Eco2

Investment for the
network

2.000 € per
station

Jun 2016

Eco23

Electricity costs for
vehicles

4.159

Jun 2016

Eco24

Electricity costs for
traction

3.776

Jun 2016
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KPIa)

Unit of
Measurementa)

NO ELIPTIC
Scenario Valuea)

ELIPTIC Scenario Value

Preliminary
valueb)

Final Value

ELIPTIC
Scenario data
collection
ending date

c)

Eco25

Electricity costs for
non-traction

0.383

Ecn9

Electricity
consumption

1.080

1.080

Jun 2016

Ecn10

Electricity from
renewable sources
consumption

1.080

1.080

Jun 2016

Eem1

CO2 emissions
(saved for A7, C5)

53.000 (diesel)

50.760 (diesel)

Jun 2016

Eem2

CO₂ average
emission (saved for
A7)

53.000 (diesel)

50.760 (diesel)

Jun 2016

Eem3

NOx average
emission (saved for
A7, C5)

88.978 (diesel)

85.303 (diesel)

Jun 2016

Eem4

PM10 average
emission (saved for
A7, C5)

2.225 (diesel)

2.132 (diesel)

Jun 2016

OLon8

Buses in service

2

2

Jun 2016

Table 2:

Comments

Jun 2016

Use Case A7 collected KPIs and related values

It can be concluded that both the passengers and the drivers are very satisfied with the electric
buses as it comes to driving comfort, interior/ exterior noise, riding comfort (acceleration,
breaking), and aspects about environmental-friendly mobility and innovative technology.
The operation availability is about 45% which is because of the current susceptibility to failure
at the charging station located at the terminus of train station Sterkrade and also caused by
driver training courses and experts/visitor groups.
For the year 2017 approx. 17,000 litres of diesel were saved (with 100% availability it would
be approx. 37,000 litres). Electricity costs are around €8,600 for the year 2017, compared to
around €15,000 for diesel costs.
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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 low-emission 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 e-bus
components and safety issues.

C.5: Fast-charging stations for e-cars powered from the tram
network
As this Use case is a charging infrastructure only, all indicators relating to vehicle technology,
operation and components aren’t relevant and thus weren’t collected. Consequently the
selected KPIs for which data could be collected are focused on a mix of economic, operational
and energy-based issues as shown in the table below.
Data collection for both periods (“Before” and “During”) took place as follows:
No ELITPIC scenario (Before)

ELITPIC scenario (During)

N/A

From January 2016 till April 2018

Table 3:

Use Case C5 KPI data collection periods (Before / During)
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For the No-ELIPTIC scenario (see Deliverable D31) originally in total 12 KPIs has been
selected where they are spread over Evaluation Categories like Operations, Economy, Energy
and Others.
For three of them for the ‘No ELIPTIC scenario’ and ‘ELIPTIC scenario’ just as no data were
available:
 Eco26: Electricity costs for facilities;
 Ere3: Revenues per passenger;
 OBar 16: Maintenance of civil infrastructure.

In the following table only those KPIs are listed for which ELIPTIC scenario data has been
collected.
KPIa)

Unit of
Measurementa)

NO ELIPTIC
Scenario Valuea)

ELIPTIC Scenario Value

Preliminary
valueb)

Final Value

Comments

c)

Oma6

Durability of
components

10

10

Durability of
charging
infrastructure

10

10

Oma7

not yet in operation

23.4€
operation+

Eco22

ELIPTIC
Scenario data
collection
ending date

Jan 2018

0.43 €
electricity
consumption+

Recharging
infrastructure

0.65 € cost for
net utilization
Eco28

Grid connection

Ere3

Ecn10

n/a

60.7

Jan 2018

n/a
Electricity from
renewable sources
consumption

100%

2%
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KPIa)

Unit of
Measurementa)

NO ELIPTIC
Scenario Valuea)

ELIPTIC Scenario Value

Preliminary
valueb)
Esu5

Recharging capacity

OBar5

General demand

OBar11

Effective occupation
charging of the
spots deployed

Table 4:

Final Value

ELIPTIC
Scenario data
collection
ending date

Comments

c)

not yet in operation

1.07

not yet in operation

18 (status:
July 2017)

not yet in operation

36 min/day

Use Case C5 collected KPIs and related values

The three charging stations were commissioned in the summer of 2017, and data collection
(use of the charging station) has only been in operation since November 2017, so not many
detailed, usable statements regarding operation, maintenance and availability can be made.
However, it can be noted that the use of the charging infrastructure is increasing.
The occupancy rate of the three charging stations is about 36min per day – with a rising trend.
In the first month of the recording, approx. 230 kWh energy was consumed. Billing with the
end customer is the responsibility of the energy supplier EVO (Energieversorgung Oberhausen
AG), whereby the use of the charging stations is currently free of charge.

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 uncertainty 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 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.

|23

D2.14 Oberhausen Final Use Case Report

Other legal uncertainties 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.7: Opportunity (re)charging of ebuses (tram catenaries and substations)
From beginning of winter 2018 on four new electric buses will be operated on bus line 979
jointly with the neighbouring PT operator “Vestische Straßenbahnen”. Three of the four new
buses will be purchased by STOAG and one by the other PT operator.
These new electric buses are from the OEM VDL and have installed a charging technology
differing from the current technology. Thus, the decision was taken to charge the new electric
buses solely at Sterkrade train station and the already operated buses at the station Neumarkt
only. This means that the existing charging infrastructure is fully utilised and any further use of
more vehicles per hour is not possible.
STOAG will examine whether and under which conditions the electric bus operation can be
extended on their existing urban bus lines network and which impact would that have to the
overall company strategy. Further STOAG strives to reach a VRR wide (transport association
Rhine-Ruhr - Verkehrsverbund Rhein-Ruhr) compatible and cooperative strategy on
electrification of public transport comprising all relevant stakeholders like public transport
operators, power supplier.
From the project findings it has led to the understanding that further research should focus
 On new charging and energy storage technologies;
 On optimization of the operational planning by specially developed software which do
consider the economic and environmental aspects just as.

C.5: Fast-charging stations for e-cars powered from the tram
network
Due to unclear legal framework and risks for a business case realisation, there are currently
no concrete plans for future expansion.
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7. Conclusions
A.7: Opportunity (re)charging of ebuses (tram catenaries and substations)
The deployment of electric buses has been successful in terms of getting a good
understanding of the operation of an innovative vehicle type in an urban surrounding and under
everyday operational conditions. The lessons learnt from this process have been valuable and
can be summarised as follows:
Policy/ Strategical issues
 To aim for a VRR wide (transport association Rhine-Ruhr - Verkehrsverbund RheinRuhr) compatible and cooperative strategy for the electrification of public transport
comprising all relevant stakeholders like public transport operators, power supplier.

Legal aspects
 There are still some points that need to be resolved like fire protection in the workshop.

Technical/ operational aspects
 The project implementation has shown that the existing DC power infrastructure
(catenary installation, power supply substation) of the local tram network can be used
for fast-charging of battery buses;
 Due to the existing DC systems it is possible to absorb relatively much energy in a short
time;
 The collected data from the operation side as well as from the vehicle (by a specific
monitoring software tool) and charging infrastructure were used to investigate a few
scenarios (see chapter 4). The findings have shown that energy storage can be
implemented for the same service life and thereby the TCO can be reduced;
 It would be desirable if a greater number of suppliers, e. g. for the charging infrastructure,
would offer their products and services, and there would be common solutions for the
pantograph and data communication available on the market.

Organisational issues
 It was possible to integrate the original strategy into day-to-day operations without major
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adaptations and investments;
 A stronger focus on the operation of urban bus lines jointly with other PT operators need
to be taken regarding contract, accounting and maintenance subjects;
 The performance and design of the current running Use Case is only transferable to a
limited extent. This because the characteristic of each urban bus routes requires flexible
and not unified solutions e.g. for various charging time and required energy;
 Considerable training sessions are required for drivers and other personnel
(maintenance, control center) to ensure the drivers qualification and trust into the new
technology.

As a general transferability potential to other cities can be considered the strategy to use the
existing DC power infrastructure (catenary installation, power supply substation) of the local
tram and/or metro network for charging of electric buses.

C.5: Fast-charging stations for e-cars powered from the tram
network
The deployment of fast-charging infrastructure for e-cars and LEVs powered from the existing
tram network has been successful in terms of getting a good understanding of the technical
and organisational issues to solve and the operation of the infrastructure. The lessons learnt
from this process have been valuable and can be summarised as follows:
Policy/ Strategical issues
 To utilize nationwide uniform solutions for fast- charging infrastructure/ services for ecars;
 To highlight the various funding and subsidies opportunities in a better and more
attractive way;
 It would be desirable, if for the users standards would be available like e.g. invoicing of
costs incurred.

Legal aspects
 There are still some points that need to be resolved like contract for invoicing the charged
energy at the shared charging station for e-cars powered from the tram network;
 To get a full permission from the verification authority (Eichamt) for the certified DC
counter is crucial in order to guarantee smooth operation of the charging infrastructure;
 There is a lack of a legal basis to empower the responsible regulatory bodies to monitor
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the parking situation (parking offenders) at the locations of the charging points.

Technical/ operational aspects
 It would be desirable if more suppliers would be available on the market;
 On the other hand, the competing foreign suppliers are not familiar with German
standards/specifications and the associated technical documentation does not always
meet the contracting partner expectations. This results in a long initial operation.
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