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1. Executive summary
This Deliverable D2.2 provides a brief overview about the Pillar Use cases A1 and B1
conducted by the public transport operator Bremer Straßenbahn AG (BSAG) in the City of
Bremen. 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.1: Operation-optimized system of opportunity charging at bus
depots
BSAG as bus and tram operator is aiming to reduce fossil fuel consumption and targets a
more efficient use of innovate vehicle technology through electrification of their bus fleet.
The main objective of the Bremen Use Case is to prove that electric buses with overnight
slow charging at the main combined bus and tram depot can be already deployed for
everyday operation and operated economically.
The tests of two electric urban buses (one 12m and one 18m low-floor) during the day-to-day
operation on various urban bus lines delivered practical experience about the integration of
electric buses in the operational and maintenance working processes, but also about
charging technology and their suitability and reliability. Furthermore, the added value of an
emission-free and low-noise vehicle and their integration into the urban environment could be
shown.
These results and findings are a starting point for the medium-term target of operating an
entire electric bus fleet. Further operational as well as economic and technical aspects need
to be considered such as specifications for the monitoring system for charging infrastructure
and deport management as well as a maintenance strategy for workshop and driver
personnel training schemes. Already completed are the performance specifications for urban
electric buses in Germany which were compiled by the Procurement Initiative of German
PTOs in which the Use Case leader BSAG (is member in).

B.1: Recuperation of braking energy from trams: Refurbishment of
a flywheel energy storage system
Public transport providers are interested to reduce the power demand of their tram systems.
One possibility to save electric power is to reuse the braking power of the tramcars.
Nowadays the braking power is only used to 30%. To use the braking energy more
efficiently, stationary flywheel energy storage systems, able to store the braking energy of
trams as kinetic energy of rotation, can be a solution.
The energy is stored until another tram in the same section of the line needs much power, for
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example for its acceleration. The tram with the high-power demand will then be partly
provided with power from the flywheel.
Such a flywheel energy storage system was installed in Bremen in a tram sub‐ station in
2012, attempted trial run, but never went into regular operation. As the provider of the
technology went bankrupt, a regular operation could never be ensured. To make an
inventory of the existing flywheel and check the repair measures and investment costs
whether and under which conditions that flywheel can be put back into service a study was
carried out.
The study shows that the technical problems of the flywheel (strong vibrations at high
speeds) can’t be overcome by repair measures. Hence the flywheel re-activation isn’t
considered by the public transport operator BSAG anymore.
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2. Introduction
The overall aim of ELIPTIC was to develop new use concepts and business cases to
optimise existing electric infrastructure and rolling stock, saving both money and energy.
ELIPTIC advocates electrification of the public transport sector at a political level and helps
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 uptake and exploitation of results by developing guidelines
and tools for implementation schemes for upgrading and/or regenerating electric public
transport systems. Option generator and decision-making support tools, strategies and policy
recommendations were created to foster Europe-wide take up and rollout of various
development schemes. Partners and other cities have benefited from ELIPTIC's stakeholder
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 D2.2, describes in detail the main evaluation results for both, the
A1 and B1 Use cases carried out by the public transport operator of the City of Bremen,
Germany.
The report for the Use case A1 gives an overview of the introduction and operation of a 12m
and an 18m electric bus on two urban lines and overnight charging at the depot.
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 B1 gives an overview of the main results of a study carried out to verify the reactivation of the existing flywheel (not in operation at present due to technical problems). The
aim of this study was to make an inventory of the existing flywheel and check the repair
measures and investment costs whether and under which conditions it can be put back into
service. At the end it shows that BSAG won’t able to overcome the second resonance
frequency issue (strong vibrations at high speeds) and hence the flywheel re-activation
wasn’t considered anymore. Nevertheless, a SWOT analysis were carried out and the results
integrated in this report.
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3. Use Case Overview
A.1: Operation-optimized system of opportunity charging at bus
depots
Bremer Straßenbahn AG (BSAG) is the public transport operator offering mobility services
within the Free Hanseatic City of Bremen and surrounding area and thus. BSAG offers
mobility services on 7 tram lines (operated by 119 low floor vehicles) and 44 bus lines
(operated by 161 articulated and 49 standard buses; excluding the two operating electric
buses). The tram and buses are parked at five depots of which one is for buses only.
In order to cope with the growing demand for environmental and resource-saving public
transport operation BSAG laid down a forward-looking concept approach to reduce fossil fuel
consumption by electrifying their entire bus fleet.
In order to prove that electric buses with overnight slow-charging can already be deployed for
everyday operation and can be operated economically BSAG tested three electric low-floor
buses in regular operation at the main tram-bus depot.
To do so BSAG carried out a tender for in total three electric buses (two 12m and one 18m)
based on the technical and operational specifications elaborated so ar. Finally, two OEMs SILEO and EBUSCO - has been awarded. Instead of purchasing the three electric buses
they were leased on basis of a full service contract. The electric vehicles – two standard 12m
buses (EBUSCO, SILEO) and one articulated 18m bus (SILEO) - are equipped with low-floor
technology, ticket vending machines and air conditioning systems to maintain the usual
standard for urban buses operated by BSAG.

Figure 1: SILEO 12m electric bus (source: BSAG)
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Figure 2: EBUSCO 12m electric bus (source: BSAG)

Figure 3: SILEO 18m electric bus (source: BSAG)

The charging infrastructure is made available (leased) by both OEMs and can be used only
for their own vehicle. The energy is supplied with power from the medium-voltage network of
the local energy supplier and no energy from the existing DC tram infrastructure at the depot
is used.
Before the electric buses were put into operation they have to undergo comprehensive
quality assurance measures and approval procedures. Based on these the EBUSCO 12m
electric bus couldn’t be put into operation and hence the contractual relationship with the
OEM was dissolved.
The two remaining electric buses from SILEO (detailed technical description see Appendix)
were put into operation as follows:
In the period from July 2016 to May 2017 only the SILEO 12m was in operation on the
combined bus lines 29 and 52. These two lines were chosen because:
 They pass the main bus and tram depot (located next to the airport);
 In case technical problems the electric buses can be replaced easily by diesel buses,
and;
|10
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 On these combined bus route already other electric and hybrid buses were tested and
thus the test results can be compared with one another easily.

Figure 4: Use Case Bus Line 29 and 52 (source: BSAG)

After completion of the quality assurance measures and approval procedures the SILEO 18m
electric bus is in operation since period from April 2017 to June 2017.
Operation of the 12m electric bus on the line 29/52 has shown that the battery power wasn’t
sufficient enough to reach the required bus route range. As a consequence, other bus lines
were selected to operate the 12m and 18m electric bus without the need to replace them
during day-to-day operation by diesel buses.
The new route has only a few low gradients on the otherwise flat sections. The average
operation speed is 50km/h with a short section of 30km/h and 80 km/h.
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(1) Operation SILEO 12m electric bus on line 51 and 53

Figure 5: Use Case Bus Line 51 (source: BSAG)

Figure 6: Use Case Bus Line 53 (source: BSAG)
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(2) Operation SILEO 18m electric bus on line 20 and 63

Figure 7: Use Case Bus Line 20 (source: BSAG)

Figure 8: Use Case Bus Line 63 (source: BSAG)

The main constraints BSAG was faced with before starting the Use case operation was the
pre-instruction and briefing of trainers, drivers, technical experts and maintenance staff by
the OEM about specifics of the electric vehicle types and related leased charging station (at
the depot).
|13
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In the meantime, 400 staff members are trained to operate, schedule and maintain the two
SILEO electric buses which operate without problems and reaches an average daily
operation distance from up to 250-300km by using the overnight slow-charging infrastructure.
Data for the evaluation were collected from the operation of both electric buses as well as
from the operating “conventional” reference technology (see chapter 6).
During the Use case test period from April 2017 on, BSAG has gained comprehensive
practical experience about the integration of electric buses in the day-to-day operation and
maintenance working processes, but also about charging technology and their suitability and
reliability. Furthermore, the added value of low-noise vehicles and their integration into the
urban environment could be shown to a wide range of stakeholders (politicians, engineers,
operators, transport planners, etc.).
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B.1: Recuperation of braking energy from trams: Refurbishment of
a flywheel energy storage system
All 119 trams of the public transport operator in Bremen (BSAG) are able to recuperate
electrical energy while braking and feed it back into the power lines. This energy can be used
only if locally at the same time other trams are available, in best case they are speeding up,
and thus consume the energy generated from other vehicles braking.
This happens mainly in the city centre, because of the high traffic density due to the large
number of trams circulating there. In the outskirts in many cases the braking energy available
cannot be used due to the much lower traffic density.
Therefore, after conducting a technical study to find the best location, the BSAG decided to
implement a flywheel storage system to use the recuperated energy on a new extension of
line 1 to the shopping mall “Weser Park”. Line 1 as a whole assembles different kind of
technology for the use of renewable energy or increased energy efficiency.

Figure 9: Flywheel location along the tram line 1

The core element of the storage system is a flywheel in a vacuum encased by a sturdy
closure. It is made from high-performance fibre composite materials with a weight around
130 kg and connected to a motor-generator. Its rotational speed varies from 15,000 to
25,000 revolutions per minute (rpm).
Supporting components are various coolers, vacuum pumps, inverters, circuit breakers,
emergency braking resistors and electronic system control. The system is designed to store
min. 2 kWh. This is sufficient to collect the energy of a single braking of a tram as it is in use
|15
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in Bremen. Table 1 shows the main parameters.
Parameters (design)

Values

Voltage (nom.) V

600 V

Maximum current

1200 A

Short-term power

min. 500 kW

Speed range

15,000 to 25,000 rpm

Usable capacity

min. 2 kWh

Idle power loss at lower speed

2 kW

Energy needs (supporting)

0,5 to 2,5 kW

Overall efficiency of

> 80 %

Table 1:

Main parameters of flywheel storage unit

The unit has been installed in a separate housing adjacent to the substation “Walter Geerdes
Strasse”. It is connected to the traction power supply of the line through the switchboard of
the substation.
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Figure 10: Flywheel storage unit front picture (Rosseta Technik GmbH, 2006)

As a basis for conducting the study general background information (e.g. design description,
key performance parameters, initial study regarding best location and estimated
performance) as well as screening of operational events (diary about the chronology of the
problems occurred and the attempts to solve them). Additionally, on-site visits took place to
gain an impression of the current status of the system and to discuss them with the technical
engineers of BSAG.
By comparing this information with the experiences from studies about other storage system
projects and carrying out a cost analysis and evaluation the conclusion was drawn not to
refurbish the flywheel storage system for technical reasons leading to extensive high costs.
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4. Methodology
A.1: Operation-optimized system of opportunity charging at bus
depots
Investigation of business cases
The RWTH Aachen software based approach, as explained in the “Detailed Use Case
Scenario Descriptions” [1], has been applied to investigate part of BSAG’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
standard electric buses on its test operation on line 29/52 (see Figure 1) including the
construction of the respective overnight charging equipment in the depot.
Important note: As the electric bus from EBUSCO has not been put into operation because
of contractual arrangements the operation planning for the 12m SILEO electric buses has
changed: from formerly line 29 and 52 to line 51 and 53 (see chapter 3).
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Figure 11: Schematic sketch of the investigated bus route and its respective operative
parameters
Based on the methodology explained in [1], the operation of the bus is simulated. Thereby,
based on the detailed route characteristics, the energy consumption is determined for
average and worst-case conditions (Figure 2). This is done by applying a vehicle model
which calculates a power profile based on respective speed constraints and machine
parameters.

230 kWh, 230 km, Mo-Fr, Average Case

Figure 12: Simulated power and SOC curves for average conditions ( ~ 1 kWh/km)

Based on the calculated power profiles and the most important cost parameters obtained
from BSAG, the TCO (Total Cost of Ownership) of the project is calculated. This is done by
using a comprehensive simulation in order to calculate the net present value. It considers all
relevant technical equipment with its respective cost and lifetime expectations.
|19
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Worst-Case simulations have shown that the daily operation cannot be assured with a
230 kWh battery. In fact, the initial operation on line 29/52 has basically a pure test
character. The bus doesn’t run 230 km at a stretch, but is driven back and recharged during
the day. In the future, it will be used in regular operation on line 51.
Nevertheless, in order to create a business case, alternative technical configurations for this
special bus and line (29/52) are evaluated and environmental effects considered. The
analysis includes the reduction of the daily mileage or the usage of a bigger battery.
A detailed elaboration of the investigations and outcomes can be found in D4.2 the “Final
Business Cases” report.
Process evaluation methodology
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
beginning 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)
|20
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 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.

B.1: Recuperation of braking energy from trams: Refurbishment of
a flywheel energy storage system
Business case investigation not applicable for this Use case.
SWOT analysis methodology
The Strength, Weakness, Opportunity and Threat (SWOT) analysis within ELIPTIC is based
on the qualitative data provided by the use-cases with regard to their particular technology
concept. The core of the data was obtained via a structured questionnaire and semistructured interviews. Through the comprehensive questionnaire data regarding the viability
of the technology in the city/use case specific framework was acquired. The subsequent
interviews, as follow-up of the questionnaire, targeted to clarify and validate the answers
given so far, to discuss unclear issues and to collect further information. The obtained data
was then validated twice: by use case representatives and independently by project internal
experts.
The results included in this use-case report were selected by the SWOT analysis team from
the complete set of the analysis results as being the most significant and characteristic of the
present use case. The complete set of SWOT results, as well as an in-depth analysis of their
implications in ELIPTIC can be consulted in the separate report of D3.5: Technological
Viability Evaluation.
The SWOT analysis is one of the most frequently used tools for strategic planning. The
underlying logic of a SWOT analysis is to group the internal, i.e. strength and weaknesses,
and external issues, i.e. opportunities and threats. In doing a SWOT analysis for the
innovative technology concepts, which are not in use yet, drivers, barriers and prospects with
regard to the new technology concepts to support decision makers (and cities) shall be
identified.
The SWOT analysis was thereby conducted for each use case in its respective setting,
taking into account technological, operational, financial as well as societal and environmental
issues (coherently with the KPI evaluation categories of task 3.1 and 3.3).

|21

D2.2 Bremen Final Use Case Report

5. Main evaluation results
A.1: Operation-optimized system of opportunity charging at bus
depots
The performance of the Use Case lines 20, 51, 53 and 63 (formerly the operational merged
in 29 and 52) will be assessed by Key Performance Indicators (KPIs) as a part of WP3. Now
the SILEO 12m electric bus is in operation on Line 51 and 53, and the SILEO 18m electric
bus on Line 20 and 63. In deviation from the original Use case planning the 12m electric bus
from EBUSCO has not been put into operation because of contractual arrangements.
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.
Data collection for both periods (“Before” and “During”) took place as follows:
No ELITPIC scenario (Before)

ELITPIC scenario (During)

From October 2015 till April 2016

From April 2017 till December 2017

Table 2:

KPI data collection periods (Before / During)

For the No-ELIPTIC scenario (see Deliverable D3.1) originally in total 18 KPIs has been
selected where 12 out of them belong to the “Operations” Evaluation Category and especially
to assess how performance variations will impact on service. Emphasis was also placed on
assessing passengers and drivers’ overall perception of the demonstrator via questionnaires.
For half of the selected 18 KPIs for the ‘No ELIPTIC scenario’ no data were available or
could not collected due to organizational or contractual related reasons. To a large extend
the same applies for the ‘ELIPTIC scenario’ KPIs as follows:
 KPI Oma7: Durability of charging infrastructure - No data available due to full service
contract of the bus manufacturer.
 KPI Ode1/Eco21: Passenger demand / Depot facilities - In deviation from the original
plan no internal passenger counting were carried out.
 KPI Ecn10: Electricity from renewable sources consumption - Results are dependent
from external scientific monitoring; the data collection for all three e-bus were
postponed due to the non-operation of the EBUSCO electric bus; the current plan is to
contract the University of Applied Science Landshut to carry out the monitoring/ data
collection but exploitable results won't be available before the ELIPTIC project ends in
May 2018.
 KPI Ppa1, Ppa2, Ppa5 and Pdr1: Awareness/ Acceptance/ Noise perception/ Driving
comfort – Originally a customer and staff interviews (by the online tool ‘MyOpinion’)
was foreseen but needed to be postponed due to the non-operation of the EBUSCO
|22
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electric bus; the current plan is to start with the interviews shortly but exploitable results
won't be available before the ELIPTIC project ends in May 2018.

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

ELIPTIC
Scenario data
collection
ending date

Comments

c)

400 man/veh (12m)

400 man/veh
(12m/18m)

Dec 2017

12m bus: line
change from
line 52 to 51;
18m: line 63

150 pass/h (12m)

100/150
(12m/18m)

Dec 2017

see above

160 places/veh (12m)

160/200
(12m/18m)

Dec 2017

see above

Ost1

Driving staff

Osu1

Passenger capacity
(line)

Osu3

Daily supply

Osu5

Peak vehicles
requirement

2 vehicles

2 vehicles

Dec 2017

see above

Ose1

Commercial speed

22 km/h (12m)

22 (12m/18m)

Dec 2017

see above

Ose3

Dwell time

55 sec (12m)

55 (12m/18m)

Dec 2017

see above

Ose6

Journey time

30 min (12m)

10 (12m/18m)

Dec 2017

see above

Ose7

Round trip time

60 min

45/60
(12m/18m)

Dec 2017

see above

Ose8

Operation time

120 h/veh

160/50
(12m/18m)

Dec 2017

see above

n/a

2 charging
stations each
for 1 e-bus

Dec 2017

see above

Esu5
Recharging capacity

Table 3:

Use Case A1 collected KPIs and related values

The technology of both electric buses (12m/18m) is working stable after the introductory
phase. Availability is increasing from day to day. From the experience gained by the
operational and maintenance staff it can be concluded that in general the service provided by
the OEMs has to be improved substantially regarding spare parts supply and responsiveness
in case of urgent technical problems.
As it comes to key figures for the electric buses like energy consumption, availability, energy
costs, environmental protection, etc. these aren’t available at present but will be collected by
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scientific experts soon.
Process evaluation drivers and barriers: Opportunity charging
The local implementation processes of use cases which focused on the integration of ebuses 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 e-buses are mostly electricians, with additional
programming skills and expertise on e-bus components and safety issues.

B.1: Recuperation of braking energy from trams: Refurbishment of
a flywheel energy storage system
This Use case is a feasibility study rather than a demonstrator. Hence no actual before-vsduring comparison is possible and the KPIs collected for the No-ELIPTIC scenario (see
Deliverable D3.1) were envisage to be used to describe how to progress with the operation.
The results of the commissioned study to verify whether the existing flywheel can be reactivated which shows that a re-activation isn’t possible anymore due to technical difficulties
(second resonance frequency issue - strong vibrations at high speeds). Hence no further
KPIs for the ELIPTIC scenario were collected. Nevertheless a SWOT analysis has been
carried as follows.
SWOT evaluation results B.1
Strength

Weakness
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 High speed flywheels have advantages regarding
their energy density compared to electric doublelayer capacitors
 Application of high speed flywheel contributes to
avoid energy losses in the tram grid and therefore
to reduce the overall energy consumption of the
tram service
 Qualified staff to implement and operate high
speed flywheels is available within BSAG

 Technology concept is not ready for full
commercial application, since it is still in R&D
stage, having a limited market availability and
level standardization
 High speed flywheels have disadvantages
regarding their energy efficiency and selfdischarge rate compared to electric double-layer
capacitors
 High speed flywheels have higher maintenance
requirements
than
electric
double-layer
capacitors

Opportunity

Threat

 Energy and grid as well as environmental laws
and regulations are favourable for the
implementation and operation of a high speed
flywheel in Bremen

 High speed flywheels become technically outdated
for the application in tram grids, since
substituting technologies (e.g. electric doublelayer capacitors) are rapidly improving

Table 4:

Simulated power and SOC curves for average conditions ( ~ 1 kWh/km)

The technology concept in Bremen is still at a stage of research and development, whereby it
is not yet ready for full commercial application. The concept’s strengths in Bremen rely on the
flywheel’s high energy density, its contribution to reduce energy consumption in the tram
network, as well as the availability of qualified staff to maintain and operate it. As a
counterweight, flywheels have certain disadvantages as compared to double-layer
capacitors, e.g. and are also higher maintenance-prone. Despite a favourable legal
regulatory frame for the implementation of such technologies, the likely obsolescence of the
flywheel due to rapidly improving substitutes (double-layer capacitors, etc.) poses an
important threat to its implementation.
Process evaluation drivers and barriers: Energy storage and optimization of energy
use
The main constraint for use cases of Pillar B were technical failures or difficulties with the
realization of optimized energy recuperation systems. This was mostly due to missing
technological standards and a lack of specialized technical providers. Partners in the
respective use cases rated the tested technologies as immature for service and
recommended a different technological set-up, or further research and testing of the energy
recovery systems.
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6. Follow-up after the Use Case
A.1: Operation-optimized system of opportunity charging at bus
depots
The two electric buses (12m and 18m) in operation will be returned to the OEM SILEO after
the leasing contract ends in 2019 respectively in 2020. The overnight charging infrastructure
at the depot was originally planned as interim solution and will be dismantled at the same
time. This is in case more electric buses will be commissioned the depot layout needs to be
adapted (power grid, charging infrastructure) anyhow. If, however, the decision is made to
keep both vehicles and purchase up to three new electric buses then it might be that the
current charging infrastructure will be kept. But this also depends from which OEM the new
vehicles will be purchased as the current infrastructure can be bused by SILEO buses only.
The achieved knowledge and findings of the Pillar A Use case execution are manifold:
 Gain experience of the operational reliability and availability of the electric-buses;
 Gain skills and knowledge about the specific energy requirement (battery, auxiliaries)
for these electric buses, and;
 Gain experience of the operational reliability and availability of the related charging
infrastructure.
These insights will be used to make the strategy for the implementation of a full fleet of
electric buses in the City of Bremen tangible so that it can be put systematically into practice.
The Use Case leader BSAG (Bremer Straßenbahn AG) is member of the Procurement
Initiative of German PTOs. This initiative completed the performance specifications for urban
electric buses in Germany. The next step is to compile the specifications for the monitoring
system for charging infrastructure and deport management which will be ready by end of
June 2018. Finally, BSAG intends to start with the procurement of series electric buses from
the year 2019 onwards. The goal is to operate till the year 2025 at least 55 electric buses.
Besides BSAG is in preparation to extend e-car sharing service in cooperation with the
company ‘Move About’ located in Bremen, Germany.
From the project findings it has led to the understanding that further research should focus:
 On the technical reliability of used single components and equipment as well as the
vehicle as a whole;
 On the maintainability and ecological footprint of electric buses.

B.1: Recuperation of braking energy from trams: Refurbishment of
a flywheel energy storage system
Not applicable for this Use case.
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7. Conclusions
A.1: Operation-optimized system of opportunity charging at bus
depots
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 switch from a diesel bus to a full electric bus operation private and public financing
and subsidies opportunities plays a crucial role.

Technical/ operational aspects
 Opportunity charging isn’t necessary as long as the heating system is conventional
solution. Otherwise long ranges are (>250km) not feasible.
 Nevertheless, the storage technology of the batteries need to be significantly further
developed in order to ensure a full replacement of diesel buses.
 The electric recharging at the depot requires a different management from the current
refuelling procedure (diesel bus = 10 minutes vs electric bus = 5-8 hours).
 The availability of electric buses does not correspond to that of diesel buses (e.g. the
12m electric bus had run within 10 months about 11,000 km and a diesel bus would
have run about 68,000 km at the same time).
 Still a concern is the durability of the battery and the subsequent cost for replacing of
spare parts supply.
 Noise generation, especially while standing and during the bus stop approach, is
reduced.
 Driving noises are not lower according to the registration certificate.

Organisational issues
 Since the electric buses are in service based on a full-service leasing, very little can be
said about maintenance. What is certain, however, is that the workshop equipment and
processes will change.
 As the current equipment is not designed for electric buses the maintenance work on
the electric buses is disrupting the existing structures and processes.
 The charging infrastructure is easier to manage when it is not located in public space
as there is less legal regulations and statutory provisions need to be considered.
 The introduction of electric buses requires new technical workplaces in the field of high
and low voltage issues and related new training programmes need to be set-up/
introduced.
 Considerable training sessions are required for drivers and other personnel
(maintenance, control centre) to ensure the drivers qualification and trust in the new
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technology.
 Together with a driver’s manual, containing the most important steps for vehicle
operation, downtime was kept low.

B.1: Recuperation of braking energy from trams: Refurbishment of
a flywheel energy storage system
Evaluation of the findings from technical experts’ review, on-site visits and interviews with the
technical staff of BSAG led to the following conclusions:
 The achieved performance in terms of stored energy and of power input/output is not
acceptable, as it is not able to cover a significant amount of power and energy issued
rsp. needed in a single deceleration/acceleration cycle of a tram.
 Furthermore, with the achieved partial performance the constant losses reduce
efficiency additionally.
 The reason for the strong vibration at high rotation speed is the 2nd harmonic
resonance frequency of the flywheel, the phenomenon is probably induced by improper
production/balancing.
 Some smaller technical Issues seem to be resolved. Nevertheless, they show a
development status of the system which bears the risk of improper solutions for the
known items and the occurrence of other yet unknown additional issues.
 The control-algorithm needs to be optimized. This was not yet achieved due to other
obstacles for performance. As the supplier is not available anymore the existing
software can’t be modified.
Actions needed to refurbish the flywheel storage system (see below) aren’t realizable with
reasonable costs, mainly as the flywheel supplier is not available anymore.
 At least a new flywheel-corpus has to be manufactured to be implemented in the
existing casing or, more likely, a new high-rotation-speed flywheel unit has to be
purchased.
 The engineering to provide stable operation of all supporting devices has to be
conducted, and;
 The algorithm software has to be newly developed and optimised, maybe using some
existing high-level specifications.

Another option would have been to purchase a complete new comparable system but the
estimated costs would have exceeded the budget by far.
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