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ACRONYMS and TERMS 

 
DWD: Deutscher Wetterdienst (German Weather Service) 
 
HVAC: Heating, Ventilation, Air Condition 
 
KPI: Key Performance indicators 
 
SC: super capacitor(s), super cap(s) 
 
SOC: The state of charge of an electric storage refers to the stored electrical charge. It is 

normally expressed as percentage of the nominal energy content. 
 
VDV: Verband Deutscher Verkehrsunternehmen (Association of German Transport 

Companies)  
 
 
Energy content: The energy content describes the amount of electric energy that can 

be stored in an energy storage [kWh]. It has to be taken into account 
that there is a difference between the nominal energy content (the 
maximum of energy that can be stored) and the useable energy. 
Depending on the battery or cell technology, the latter one can be 
significantly lower than the nominal energy. 

Bus service schedule: A bus service schedule refers to the distance a bus travels between 
leaving the depot and returning to the depot including all dwell times 
and waiting periods. The term “bus service schedule” is often also 
called time of operation. 

Charging capacity: The charging capacity describes the electrical output used to charge 
an energy storage. Relevant factors are the energy storage to be 
charged and its current carrying capacity, the charging station or the 
catenary as well as the performance of the connection to the energy 
grid. 
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1. Executive summary 

The Barnimer Busgesellschaft (BBG) intents to convert the current diesel bus line 910 between 
Eberswalde and Finowfurt into fully electric operation using so-called hybrid trolleybuses which 
have a sufficiently large energy storage instead of an auxiliary diesel power unit. One out of 
12 BBG trolleybusses is already equipped with such a dual energy storage and served as 
plueprint for the vehicle configuration used in the Eberswalde use case (Figure 1). 

 

Figure 1: BBG hybrid trolleybus (Solaris Trollino 18) 

D2.10.2 describes the methodology and the results of a technical feasibility study which 
explores the possibile enlargement of the current trolleybus services on diesel bus line 910 
running between Eberswalde and neighboring Finowfurt without extending the catenary 
network beyond the city boundaries of Eberswalde. 

The technical feasibility study has been carried out using the Fraunhofer IVI inhouse micro 
vehicle simulation tool IVIsion. The basis of the simulations were measurements, a vehicle 
model which describes the specification of the retrofitted trolleybuses and so-called bus service 
schedules which describe all journeys and dwell times of each bus during a day of operation. 

The simulations considered different scenarios regarding the enlargement of the catenary 
network, the ambient weather conditions and the HVAC system. 

Unfortunately the used vehicle specification is not suitable for the envisaged service tasks. 
The major reason is the relatively low charging power of the onboard battery of only 35kW 
which is not enough to recharge the batter while driving under catenaries. A single battery 
storage with a higher energy content and especially a higher charging power is required. 

For driving without the catenary it is comfortable to use an automatic wiring system. BBG had 
not had much experience with such systems yet, and therefore it was planned to carry out a 
test under real conditions. 
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The practical test for the automatic wiring system took place in Eberswalde together with the 
company named Dialogika. The prototype of the wiring system was installed on one trolleybus 
and was tested on the depot and the route. The system is based on an optic detection system 
and an electric motor for controling the position of the current collectors.  

With the installed prototype it was possible to connect to the the catenary with the bus standing 
right under the overhead wires. The system was not able to met all requirements for driving in 
the normal time schedule of the bus route in Eberswalde. With these experiences it is 
necessary to have some changes on the wiring system. 
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2. Introduction 

The overall aim of ELIPTIC was to develop new concepts and business cases to optimise 
existing electric infrastructure and rolling stock use, saving both money and energy. ELIPTIC 
advocates electrification of the public transport sector and helps to develop political support 
for the electrification of public transport across Europe. 

ELIPTIC looks at three thematic pillars: 

 Pillar A: Safe integration of ebuses into existing electric PT infrastructure through 
(re)charging ebuses “en route”, upgrading trolleybus networks with battery buses or 
trolley-hybrids and automatic wiring/de-wiring technology; 

 Pillar B: Upgrading and/or regenerating electric public transport systems (flywheel, 
reversible substations); 

 Pillar C: Multi-purpose use of electric public transport infrastructure: safe (re)charging of 
non-public transport vehicles (pedelecs, electric cars/ taxis, utility trucks). 

 
With a strong focus on end users, ELIPTIC analysed 20 use cases within the three thematic 
pillars. The project supported the Europe-wide uptake and exploitation of results by developing 
strategies and guidelines, decision making support tools (e.g. option generator) and policy 
recommendations for implementation schemes for upgrading and/or regenerating electric 
public transport systems. Partners and other cities have benefited from ELIPTIC's stakeholder 
involvement and user forum approach. ELIPTIC addresses the challenge of “transforming the 
use of conventionally fuelled vehicles in urban areas” by focusing on increasing the capacity 
of electric public transport, reducing the need for individual travel in urban areas and by 
expanding electric intermodal options (e.g. linking e-cars charging to tram infrastructure) for 
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. 

Chapter 3 provides a short overview on the use case and describes the objective, the 
operational conditions and possible extensions of the existing catenary network. 

The methodology of the technical feasibility study is described in Chapter 4. The explanation 
of the used and partly measured data and information is followed by a description of the vehicle 
specification used for the simulations. Finally, the operational conditions (schedules) and the 
simulation approach are explained. 

The main evaluation results, the consequences as well as the future plans are described in 
Chapter 5 and Chapter 6.  
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3. Use Case Overview 

Within a feasibility study the possibilities of including the diesel bus line 910 between Finowfurt 
and Eberswalde into the existing trolleybus system was evaluated. In Eberswalde itself, buses 
of line 910 already run along the existing catenaries. After the inclusion of line 910 into the 
catenary network, approx. 60 % of the total length of line 910 would be under the catenaries. 
This requires the retrofitting of the already existing trolleybuses with a sufficiently large energy 
storage. They are to replace the currently installed autonomous diesel power units which weigh 
approx. one ton. 

It is planned to recharge the energy storages while the buses run under the catenaries. As 
soon as the buses leave the catenary network, the entire electric energy and power are 
provided by the vehicle energy storage only. This leads to the necessity to minimize the energy 
storages and to avoid losses in passenger capacity. 

The feasibility study answers the question whether enough energy can be recharged while the 
vehicles run under the existing catenary network. Additionally, other scenarios with a slightly 
extended network are investigated (Table 1, Appendix). 

The overall objectives are the use of retrofitted trolleybuses and a 100% emission free 
operation, which sets very stringent boundary conditions. 
 

Catenary network Endpoint in the east Endpoint in the west 

V1 existing catenary Kleiner Stern Schneiderstraße 

V2 extension to the west Großer Stern Schneiderstraße 

V3 extension to the east Großer Stern Tramper Chaussee 

V4 extension to the east Großer Stern Bernauer Heerstrasse 

Table 1: Catenary network variations 

The evaluation has been carried out by means of micro vehicle simulations using the 
Fraunhofer IVI inhouse vehicle simulation tool IVIsion. The simulations are based on 
measurings of the vehicle velocities (speed-time-patterns), the elevation profile and of the 
passenger demand. 

Prior to the simulations, new schedules for passengers and so-called bus service schedules 
had been set-up by Dresden University of Technology in cooperation with Barnimer 
Busgesellschaft. The so-called bus service schedules describe all driving tasks and dwell times 
of a specific bus between the departure from the bus depot and the return. 
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To create flexible arrangement options for the route map of trolley bus systems in case of 
building sites and detours, it is helpful to install a flexible wiring system. Therefore an automatic 
wiring system was tested in Eberswalde on one BBG trolleybus. 

 
The automation instead of the solution with normal funnels installed on the catenary is more 
flexible and has lower requirements for the positioning of the bus under the catenary. The 
planned test was to show if the existing system could handle all requirements of an efficient 
operation of commercial trolleybus lines. 
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4. Methodology  

The technical evaluation of bus line 910 has been carried out by means of micro vehicle 
simulations based on bus service schedules and measurements. 

4.1 Data acquisition 

Measurings have been conducted from 23 to 24 February 2016, including empty runs from 
and to the bus depot. The measurement comprised the geographic position of the vehicle (as 
basis for speed and acceleration calculations) and the elevation profile of the route (identified 
via GPS sensor). Furthermore, the number of passengers have been counted. For the 
simulations, 25 and 75 passengers were constantly taken as examples. 25 passengers 
correspond to the real average load factor. A constant passenger number of 75 people forms 
the "worst case". At the stops a change rate of 20 % of the passengers was assumed.  

Ambient temperatures play an important role for fully electric buses that run at least partly on 
batteries only. Therefore, three scenarios for the ambient conditions have been defined using 
historic DWD wheather data (Table 2). 

Scenario Temperature Solar radiation 

Scenario S1-1 

Scenario S1-2 

-24 °C to -17°C 

15°C 

cloudy 

Scenario S2 15°C to 17°C cloudy 

Scenario S3 23°C to 36°C sunny 

Table 2: Scenarios for ambient conditions 

4.2 Vehicle parametrisation 

The simulated vehicle is largely similar to the Solaris Trollino 18 trolleybuses already used in 
Eberswalde (Table 3) The vehicle was simulated with a dual storage, consisting of a traction 
battery and supercaps. The battery has a relatively low maximum charging and discharging 
power, which positively affects battery life. The supercaps can deliver or absorb high electrical 
power at short notice and form the energy buffer during acceleration and recuperation.  

In the simulations, the traction battery was charged on the route sections with catenary. Since 
the permissible charging capacity of the battery with 0.5 C is rather low (35 kW at 350 V), the 
whole section with catenary is required for the recharge. At 660 V, the catenary allows the 
vehicle to have a line input of up to 240 kW during the journey and about 90 kW at standstill. 
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Parameter Value 

Length / width / height 18 m / 2.55 m / 3.49 m 

Empty mass 18,560 kg 

Number of doors / window glazing / drive axle 4 / single / 2nd axle 

Traction power  250 kW permanent / 300 kW peak 

Rolling friction factor / drag coefficient 0.008 / 1.1 

Electric air compressor / servo steering 4 kW / 2 kW 

400 V fan / auxiliary power converter 3 kW / 10 kW 

Battery cell type WB-LYP100AHA (LiFeYPO4), 100 Ah 

Battery energy content 70 kWh nominal / 42.2 kWh usable 

Battery nominal voltage 352 V 

Battery maximum charge / discharge current  100 A / 400 A 

Battery SOC range 25 - 85 % 

SC energy content 0.76 kWh nominal / 0.57 kWh usable 

SC nominal voltage 350 V 

SC maximum charge / discharge current  300 A / 300 A 

SC SOC range 50 – 100 % 

Table 3: Vehicle parameters 

Variation Technology Max. heating and cooling capacities 

Set 1 Heat pumps   heating 2 x 30 kW / cooling 2 x 24 kW 

 Electric heating   heating 38 kW 

Set 2 Auxiliary heating   heating 50 kW 

 24 V-air conditioning   cooling 3 x 5 kW 

Table 4: Heating and cooling 
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Table 4 shows the used heating and cooling equipment and the corresponding capacities. 

4.3 Bus service schedules 

In contrast to the current route, line 910 will service the bus stop "Hauptbahnhof" instead of 
the bus stop "Busbahnhof". This leads to a shortening of line L910 of approx. 500 m per 
direction of travel. This situation was taken into account during the measurement data 
evaluation and in the simulation. 

The service schedules L910_11 and L910_53 have a duration of about 19.5 h and are approx. 
350 km long, including trips from and to the depot. The operation plan L910_12 is shorter with 
approx. 14 h or 260 km. L910_11 leaves the depot at 4:17 a.m., L910_12 at 4:47 a.m. and 
L910_53 at 5:47 a.m. 

In order to implement the bus service schedules, the daily driving performance is less important 
when taking the duration of the deployment into account, but the sequence of the phases with 
and without catenary are decisive. Therefore, the simulation of all three bus service schedules 
was necessary. 

The detailed timetables can be found in the appendix. 

4.4 Simulation approach 

The vehicle simulation is based on the so-called energy balancing principle: 

𝐸𝑐𝑎𝑡𝑒𝑛𝑎𝑟𝑦 + 𝐸𝑠𝑡𝑜𝑟𝑎𝑔𝑒 ≥  𝐸𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 + 𝐸𝑎𝑢𝑥𝑖𝑙𝑖𝑎𝑟𝑖𝑒𝑠 +  𝐸𝐻𝑉𝐴𝐶 + 𝐸𝑙𝑜𝑠𝑠𝑒𝑠 (4-1) 

𝐸𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 =  𝐸𝑑𝑟𝑖𝑣𝑖𝑛𝑔 −  𝐸𝑟𝑒𝑐𝑢𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 (4-2) 

𝐸𝑎𝑢𝑥𝑖𝑙𝑖𝑎𝑟𝑖𝑒𝑠 = 𝐸𝑜𝑛𝑏𝑜𝑎𝑟𝑑 𝑝𝑜𝑤𝑒𝑟 𝑠𝑦𝑠𝑡𝑒𝑚 +  𝐸𝑎𝑖𝑟 𝑝𝑟𝑒𝑠𝑠𝑒𝑟 + 𝐸𝑠𝑒𝑟𝑣𝑜 𝑠𝑡𝑒𝑒𝑟𝑖𝑛𝑔 +  𝐸400𝑉−𝑓𝑎𝑛 (4-3) 

The available energy (Ecatenary and Estorage) must be higher than or at minimum equal to the 
current energy demand at any time during a bus service schedules. 

The simulations as such have been carried out by using the Fraunhofer IVI inhouse vehicle 
simulation tool IVIsion. IVIsion is a microscopic vehicle simulation tool in which both the 
available energy and discharging power and all energy consumptions are constantly 
calculated. If the inequality (4-1) is met at all times, a specific bus service schedule is deemed 
suitable for hybrid trolley bus operation. As soon as (4-1) is not fulfilled at any time, the vehicle 
stops and shuts down and the bus service schedule is regarded as not suitable. 

4.5 SWOT analysis methodology 

The Strength, Weakness, Opportunity and Threat (SWOT) analysis within eLIPTIC is based 
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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 semi-
structured 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 indepentently by project internal 
experts. 

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, operationa, financial as well as societal and environmental issues 
(coherently with the KPI evaluation categories of task 3.1 and 3.3). 

 

4.6 CBA methodology 

The cost-benefit analysis (CBA) is a complex method of assessing, comparing and analyzing 
benefits and costs of any project such as an investment decision or a government policy. The 
goal of the analysis is to establish whether any given project is feasible and effective and also 
to provide grounds for comparison between different solutions to a similar socio-economic 
problem (Mishan, Quah 2007).  

The main characteristic of the CBA is that it includes all the costs and benefits of a project. Not 
only financial and economic aspects are included but also social, cultural and environmental. 
The CBA has its roots in the welfare economics and it aims at providing a framework for the 
assessment of costs and benefits generated for different groups of stakeholders for whom the 
financial result is not necessarily the main optimization criterion (Quantifying the Socio-
economic Benefits of Transport, 2017). 

The main procedure of the CBA is focused on generating a list of alternatives for a project 
along with the solutions already existing and evaluating them. The strength CBA is that it helps 
to allocate resources efficiently allowing for the most productive use of scarce resources. 
Properly valuing transportation projects in CBA also allow to do more with the same amount 
of resources. 

The CBA is the most widely used tool for evaluating transport projects and is an obligatory 
element of the application documentation of transport projects applying for EU funding. The 
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purpose of the CBA of transport projects made for the application for EU co-financing is to 
confirm that in terms of financial and economic criteria, the project is eligible for EU co-
financing, and indicate in what proportion it should be co-financed from EU funds (Guide to 
Cost-Benefit Analysis 2015). 

Basic assumptions of the model in the ELIPTIC project 

The main goal of the model is to search for optimal and economically efficient models of 
electrification of public transport in cities by using existing infrastructure. 

Modeling in the project was based on a comparison of annual operating costs of the bus with 
different drives – diesel and electric: hybrid plug-in, overnight charging, overnight charging and 
opportunity charging as well as overnight charging with in motion charging. Also data per 
vehicle-kilometer are presented on additional graphs. 

In the cost calculation - carried out in Euro, in net costs (excluding VAT), the following costs 
were taken into account: 

 vehicle (purchase - accounted for as amortization over the period of actual use, taking 
into account the possible residual value, as standard the model assumes 12 years of 
operation of the bus with a diesel engine and 15 - only with an electric engine). It is 
also taken into account that in some cases it may be necessary to use more electric 
vehicles for the same mileage, both due to the lower passenger capacity of the vehicle, 
longer stops on the loops and lower operational readiness resulting from the 
experience of cities - project partners. These indicators are predefined at 5% for 
opportunity charging and 10% for overnight charging. Standard analysis was carried 
out for 12-meter buses; 

 battery - purchase and regular exchange (for the graphic presentation the price of the 
first battery was excluded from the price of the bus and a 5-year battery life cycle was 
assumed). For vehicles recharged on loops or while driving, batteries with a capacity 
of 70 kWh were installed, for vehicles loaded at night - up to 300 kWh, and for hybrid 
plug-in - 50 kWh; 

 other maintenance activities (incl. labour costs and materials); 

 energy - fuel and / or electricity, while for plug-in hybrid buses, differentiated diesel oil 
consumption was assumed during the day, and for electric buses, the option of flue 
heating was allowed (in standard results it was assumed to use this option), with all the 
consequences; 

 infrastructure - chargers in depots and loops and trolleybus network, whereby the user 
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can freely parameterize the length of this network and the number of vehicles using it 
(10 km of network in one direction were assumed for 10 vehicles, vehicles also go 
outside this network). Both investment costs (in the form of depreciation) and 
maintenance were taken into account; 

 additional costs of personnel - resulting from both the same factors, from which an 
increased number of vehicles as well as additional conditions (e.g. possible shortened 
breaks as a result of the need to supervise loading); in the model, multipliers for 
additional staff costs are predefined at the same level as for additional bus costs, but it 
is possible to set them into a different level; 

 external - as a consequence of noise and pollution emissions (CO, NMHC, NOx, PM10 
and CO2), with the possibility of defining the share of zero-emission energy in the 
energy mix and special multipliers for noise and pollution caused by vehicles resulting 
from operation in exceptionally intense urban environment. 

 Costs not differentiate particular variants, such as costs of cleaning, drivers, depots, 
etc., were not taken into account. 

The results were presented basically for three types of typical daily mileage of the vehicle: 

 typically 150 km a day (315 days a year), which corresponds to an annual mileage of 
approx. 47,000 km and means low-intensity operation, typical for small cities or less 
busy transportation tasks. 

 250 km per day - which corresponds to an annual mileage of about 78,000 km, which 
means quite intensive operation, basically on tasks running from early morning to late 
evening or at relatively high speeds; 

 350 km per day - which corresponds to an annual course of about 110,000 km and 
means a very intense operation, currently almost not used in public transport and 
adopted as a marginal solution, but in the case of an appropriate organization possible 
to achieve on a selected tasks. 

All parameters of the model are editable by the user, it means that if the reality of operation in 
a given city shows that the annual course should be, for example, 250 times, and not 315 times 
for the typical daily mileage, it can be easily to changed. Similarly, all kinds of unit prices, 
operating periods or residual values can be edited. 
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Cities participating in the ELIPTIC technology cluster C – like Eberswalde - are interested in 
so-called "in motion charging” scenarios with the possibility to charge electric buses using the 
existing electric traction, built and maintained for trolleybuses. This scenario can be simulated 
by setting zero construction and maintenance costs of these devices, treating them as sunk 
costs. 

More information about the CBA methodology used in the ELIPTIC proejct can be found in the 
publication of deliverable 3.4 “Conventional Full Evaluation -the test results”.  

4.7 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 begging phase of the 

project, the interim stage and the final stage. The questions were adapted to the particular 

project phases, and focused on status, impacts, successes and problems in the 

implementation of use cases. All interviews and focus groups requested critical reflection on 

project processes as well as recommendations from use case and evaluation managers. 

Before data analysis, the data was encrypted to protect the informers’ identities. Using the 

Qualitative Data Analysis software NVivo, all interviews and focus group notes were thoroughly 

assessed and coded. Patterns in the data were identified and similar statements were sorted 

into drivers and barriers within the following categories: 

Cooperation and Communication; Operation; User Perceptions; Spatial planning; Financial 

Framework; Political Framework; Regulatory Framework; Environmental Conditions 

As part of the data analysis, the frequency of occurrence of key themes in the data was counted 

in order to indicate the relevance of the respective themes. The findings of the process 

evaluation portray drivers and barriers on a use case cluster level that were agreed upon with 

the other supporting partners University Gdansk (Cost-benefit analysis) and Siemens (SWOT-

analysis): I) In-motion charging (Pillar A / trolley-hybrid cluster), II) opportunity charging (Pillar 

A cluster), III) Energy storage and optimization of energy use (Pillar B cluster) and 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  

5.1 Simulation results 

The energy demand and with it the state of charge (SOC) of the dual energy storage is widely 
determined by the energy consumption of the HVAC system. This is mirrored by the battery 
SOC gradient (purple lines) in Figure 2 and Figure 3. 

Figure 2 shows the SOC gradients for mild days (15 – 17°C) and the maximum extension of 
the catenary network for one of the bus service schedules. The purple line shows that only a 
minor part the battery energy content is used and that the consumed energy can always be 
recharged while driving under the catenary. 

Figure 3, on the contrary, depicts more or less the worst case scenario, which combines very 
cold wheather conditions with the electric heating system as it is installed inside the existing 
trolleybuses. The energy consumption and with it the discharging of the battery while not 
driving under catenaries is very high and the low permissible charging power is not sufficient 
for recharging the batteries again while driving under the catenaries. As a result, the vehicle 
shuts down after approx. three hours as the battery SOC drops at its permissible minimum of 
25%. 

An overview on all results is provided in Chapter 8 (Appendix). It becomes obvious that the 
current vehicle configuration is not suitable for the extension of hybrid trolleybus operation on 
line 910. 

 
Figure 2: SOC gradients in scenario S2-V4 
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Figure 3: SOC gradients in scenario S1-V4 

As an auxiliary heating system using fuel oil or any other liquid fuel is not an option for 
Eberswalde, the only solution would be a reconfiguration of the vehicle using a single 
technology energy storage (battery) with a significantly higher charging power. Whether an 
extension of the catenary network is still necessary remains to be seen. 

The results demonstrate the suitability of the evaluation approach 

5.2 Automatic wiring and de-wiring 

The demand for a flexible wiring system for trolley-busses is still present. In total there are 
three different systems under development. BBG is still working with all three developers of 
such systems and gathered experiences with two of these systems during the last years. The 
disadvantage of the two mentioned systems is the installation on prototypes of the 
manufacturers.  

To get an impression of the functionality, it is needful to install such a system on a trolleybus. 
The selected system was the LibroDuct from Dialogika. The system installed was the first 
prototype.  

The mechanical part was fixed to the Lekov system of the Solaris Trollino 18 owned by BBG. 
Therefore the Libroduct system was equipped using the same frame of the current collector. 
The actuation of the automatic wiring system consists of electric motors instead of the 
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pneumatic actuator. The elevation and the rotation are controlled by these electric motors. In 
addition, the camera system was installed on the roof of the bus. The complete control system 
was put into the interior of the bus. For the driver there was a graphical user interface for 
starting the wiring process or to de-wire from the catenary. 

The calibration of the new current collector system was done by Dialogika and was 
programmed on the control system.  

Connecting and disconnecting to and from the catenary was done successfully when the bus 
was standing right under the catenary. The optical system needs a well-done configuration to 
detect and to hit the overhead wire. The test at the BBG bus depot showed problems when 
the bus started moving. 

The system with the electric motors for the movement of the current collector lead to 
derailments. The mechanical system adds a big inertia to the current collectors which leads to 
derailments if the overhead wires change their position relative to the street. 

At the moment the system does not meet all requirements for a usage in normal operation. 
This was the reason to cancel the test on the trolleybus of the BBG. 

The status of such a system shows that at present a usage of classical funnels is the best way 
to handle automated wiring for in-motion charging  concepts.  

 

5.3 Key Performance Indicators (KPI) 

KPI Unit of 
Measurement 

NO ELIPTIC 
Scenario 
Value 

ELIPTIC 
Scenario 
Value 

Comments 

Fleet composition - 12  whole trolleybus fleet 

Operational vehicles - 4 4 Line 910 only 

Passenger capacity 
Standing/ 
seating(5 
pax/sqm) 

148 148 no changes 

Total range km unlimited unlimited under catenary 

Battery-only range km 0 20  

Diesel-only range km > 400 km 0  

Vehicles operation time h 20 20 04:00 – 24:00 

Distance driven (route) km 904.22 904.22 29 cycles x 31.18 km 

Distance driven (total) km 214,643 214,643 
220 working days + 
55 weekends 
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Distance driven (from depot 
to route) 

km 4.29 4.29  

Distance driven (from route 
to depot) 

km 4.29 4.29  

Distance driven in electric 
mode (to/from depot) 

km  3.1  

Distance driven in electric 
mode (route) 

km 0 904.22  

Empty mass kg  18,225  

Vehicle mass (only seated 
pax) 

kg  21,375 45 passengers 

Battery mass kg  1,020  

Cells -  2 x 108  

Total mass kg  28,000 
121 passengers in 
total 

Passenger mass 
kg ( 70 kg 
per pax) 

 8,470  

Total daily time to recharge h  5.55 while under catenary 

Daily time to recharge 
(depot) 

h  6  

State of charge at the end of 
operation 

%  46  

Charging operations continiously  14.5 
58 one way journeys 
under catenary for 4 
busses 

Allowed maximum speed km/h 50.7 50.7  

Maximum starting 
acceleration  

m/s² 1.1 1.3 
max. comfort 
acceleration 

Mean braking acceleration  
50 km/h - 0 

m/s² 1.1 1.1 
max. comfort 
deceleration 

Acceleration distance 
0 - 50 km/h 

m 88 88  

Braking distance 50 km/h - 0 m 88 88  

Diesel / electric engine power kW 220 250  

HVAC power kW  32 
27 kW for Heating, 
2x16 for AC 

Other auxiliaries kW  6  
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Total energy stored in 
batteries  

kWh  70.4  

Batteries nominal capacity Ah  200  

Energy supplied from 
batteries 0 - max speed 

kWh  0.5  

Energy supplied from 
batteries 0 - 50 km/h 

kWh  0.4  

Total energy absorbed by 
diesel engine 

kWh/km 420   

Energy produced by diesel 
engine 

l/km 0.62   

Route description 

 
narrative   

connects the city 
centre to suburbs 
and neighboring 
town 

Elevation diagram    
flat with some 
shorter slopes 

Length 

 
km 31.18 31.18  

Bus stops # 54 54 In both directions 

Ambient temperature 

 
°C 8.5 8.5 Average temperature 

Road conditions narrative   
Well maintained 
asphalt surface 

Table 5: Key Performance Indicators (KPI) 
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5.3 SWOT analysis results 

Strength Weakness 

 Hybrid trolleybuses have a higher availability 
compared to diesel buses due to lower 
maintenance requirements and higher energy 
efficiency than battery buses with an opportunity 
charging solution due to lower heat losses while 

charging 

 Fast technology concept application possible, 
since the existing trolleybuses are already 
preconfigured for the installation of traction 
batteries 

 Planning and implementation effort for hybrid 
trolleybus lines is lower compared to battery 
buses with opportunity charging given that a 
catenary system already exists 

 Hybrid trolleybuses are in the majority of the 
cases the most cost efficient technology, given 
that a catenary system already exists 

 Hybrid trolleybuses have a superior 
environmental performance compared to diesel 
buses, with lower noise emissions 

 Technology concept is not ready for full 
commercial application, key component traction 
battery is market available, key enabling 
component automated wiring system is however 
still in the R&D stage and not market available, no 
standardization problems 

 Maximum size and thus capacity of the traction 
battery is limited by the assembly space within 
the vehicle (there should be no decrease in 
passenger capacity) and the total vehicle weight 

(maximum gross axle weight) 

 Necessary repeated connection and disconnection 
to overhead wires during operation, requires 
additional wiring roofs, which cannot be installed 
everywhere and thus introduces operational 

limitations 

 Changes in the line layout and increased break 
times at terminal stops can be necessary when 
operating former diesel bus lines with hybrid 
trolleybuses 

Opportunity Threat 

 No regulatory and legal problems assumed 
regard to the hybrid trolleybus implementation 
and operation, however the electricity for hybrid 
trolleybuses is not exempted from the EEG 
apportionment, what can cause additional 

operational costs 

 Funding after the termination of the eLIPTIC project 
is partly available/not fully secure, main funding 
source being subsidies 

 Considering a full roll-out of hybrid trolleybuses 
an update of the power supply system, including 
substations, is necessary 

 Slow development of the automated wiring 
system casts doubt on whether operational 

requirements will be reached (max. 20s for wiring) 

 Local politics and authorities have a rather 
negative attitude towards hybrid trolleybuses, 
which is rooted in higher expected costs for the 

operation of trolleybuses compared to diesel buses 
and aesthetic considerations (overhead wires) 

 
Eberswalde greatly benefits from its installed catenary system, which, although arguably 
aesthetically questionable, renders important advantages to the fast and successful 
implementation of the technology. Hybrid trolleybuses show obvious advantages over their 
diesel counterparts, but they rank much higher than battery buses as well. The technology 
itself however, still faces setbacks especially regarding the automatic wiring system, which is 
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considered as having a burdensome installation process at certain locations (via wiring roofs) 
and a poor performance in connecting (wiring) speed at the moment. 

 

5.4 Cost-benefit-analysis for the Eberswalde case study 

In Eberswalde 3 possibilities were considered, namely, Diesel bus as a reference, electric bus 
with opportunity charging from terminal chargers and electric bus with opportunity charging 
from existing trolleybus network. Other possibilities were not considered by the operator, as 
they were not promising (what is in line with the earlier Eliptic modeling). 

The local circumstances include 100% of no emission energy, due to special contracting and 
relatively high total costs of electric energy – in fact higher than the costs of Diesel.  

In such circumstances, financially Diesel buses are the cheapest solution in the financial terms 
(see figure 5), even in case of high mileages. 

Nevertheless, taking into account externalities, electric buses using trolleybus overhead wires 
are more efficient than Diesel at the daily mileage of ca. 170 km and electric buses using 
chargers at the terminals are more efficient at the daily mileage of below 300 km. 
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Figure 4: Cost structure for Eberswalde 

 
 

D
ie

se
l

P
lu

g 
in

 h
yb

ri
d

El
ec

tr
ic

 /
 o

ve
rn

ig
h

t

El
ec

tr
ic

 /
 o

p
p

o
rt

u
n

it
y

El
ec

tr
ic

 /
 t

ro
lle

y

D
ie

se
l

P
lu

g 
in

 h
yb

ri
d

El
ec

tr
ic

 /
 o

ve
rn

ig
h

t

El
ec

tr
ic

 /
 o

p
p

o
rt

u
n

it
y

El
ec

tr
ic

 /
 t

ro
lle

y

D
ie

se
l

P
lu

g 
in

 h
yb

ri
d

El
ec

tr
ic

 /
 o

ve
rn

ig
h

t

El
ec

tr
ic

 /
 o

p
p

o
rt

u
n

it
y

El
ec

tr
ic

 /
 t

ro
lle

y

150 km 250 km 350 km

Ye
ar

ly
 c

o
st

 [
EU

R
]

Daily mileage [km]

Vehicle (excl. battery) Batteries Other Maintainance Energy Infrastructure Extra staff External



                            
                    

 | 2 6  

D2.18 Eberswalde Final Use Case Report 
 

 

Figure 5: Financial cost functions for Eberswalde 
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Figure 6: Economic cost functions for Eberswalde 
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Several use cases faced operational challenges, particularly with the supply of trolleybus 
components. Partners experienced long delays through suppliers, or were not able not find 
sufficiently specialized suppliers at all. This was explained by partners by a general lack of 
expertise on trolleybuses, due to a strong focus on the diesel bus industry in public transport.  
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6. Follow-up after the Use Case 

The results of the feasibility study led to a second analyses with a modified energy storage 
concept. The analyses was directly commissioned to Fraunhofer IVI by BBG. The energy 
storage concept, which was jointly specified together with the traction equipment supplier 
Cegelec, includes a battery storage only. This single type energy storage, however, features 
a significantly higher charging power of up to 357 kW and a usable energy content of 38 kW. 

With this vehicle configuration, the operation of hybrid trolleybuses on bus line 910 is possible 
as the battery can always be recharged while driving under the catenaries. 

For the installation of batteries in the bus fleet in Eberswalde, the county Barnim provide the 
BBG with a high grant for the financing. The reason for that is the environmentally friendly 
policy of the county Barnim. The remaining resources should be payed from sibsidies.  

The ordering and installation of the correct dimensioned batteries is realised in a follow-up 
project and will be tuned with the knowledge of the ELIPTIC project. 
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7. Conclusions 

The Eberswalde use case shows that hybrid trolleybuses, which are able to partly drive without 
catenaries, are a technically feasible possibility to enlarge existing trolleybus operation without 
major investments into roadside infrastructure. 

The feasibility study, however, also shows that a well specified vehicle configuration is 
necessary. Such a configuration should normally be able to recharge an onboard energy 
storage completely until the vehicle leaves the catenary sections again. 

The feasibility study demonstrates the suitability of the selected evaluation approach and can 
be used in other use cases as well. One major lesson again is, that the feasibility of a 
technological solution must be evaluated case by case and that the transfer of results to other 
applications can lead to completely wrong decisions. 

In the case of Eberswalde, it is possible to extend the trolleybus operation significantly as long 
as onboard energy storages are used which allow for a high charging power. 
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8. Appendix 

8.1 Time table of line 910 

 
The timetable contains 
the trips of all three 
vehicles that operate 
the line. All trips start 
and end at the 
terminal stop 
“Südend”. 

Bus service schedule 
L910_11 starts at 4:32 
a.m. at Südend and 
starts there again at 
6:02. It ends at 11:21 
p.m. with its trip to the 
depot. 

Bus service schedule 
L910_12 starts at 5:02 
a.m. and ends at 
06:26 p.m. 

Bus service schedule 
L910_53 starts at 5:32 
a.m. and ends at 0:21 
a.m. 
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8.2 Possible catenary extensions 

 
Figure 7: Existing catenary network – V1 

 
Figure 8: Extention 1 – V2 
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Figure 9: Extention 2 – V3 

 
Figure 10: Extention 3 – V4 
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8.3 Overview on simulation results 

 

Figure 11: Results for very cold wheather conditions 

 

Figure 12: Results for mild wheather conditions 

route L910_11 V1 V2 V3 V4

ambient conditions passenger HVAC    daily distance    

S1 freezing 25 heat pump

S1 freezing 25 aux. heating / 24V A/C

S1 freezing 75 heat pump

S1 freezing 75 aux. heating / 24V A/C

route L910_12 V1 V2 V3 V4

ambient conditions passenger HVAC    daily distance    

S1 freezing 25 heat pump

S1 freezing 25 aux. heating / 24V A/C

S1 freezing 75 heat pump

S1 freezing 75 aux. heating / 24V A/C

route L910_53 V1 V2 V3 V4

ambient conditions passenger HVAC    daily distance    

S1 freezing 25 heat pump

S1 freezing 25 aux. heating / 24V A/C

S1 freezing 75 heat pump

S1 freezing 75 aux. heating / 24V A/C

route L910_11 V1 V2 V3 V4

ambient conditions passenger     daily distance

S2 mild 25

S2 mild 75

route L910_12 V1 V2 V3 V4

ambient conditions passenger     daily distance

S2 mild 25

S2 mild 75

route L910_53 V1 V2 V3 V4

ambient conditions passenger     daily distance

S2 mild 25

S2 mild 75
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Figure 13: Results for warm wheather conditions 

 
 
  

route L910_11 V1 V2 V3 V4

ambient conditions passenger HVAC    daily distance

S3 hot 25 heat pump

S3 hot 25 aux. heating / 24V A/C

S3 hot 75 heat pump

S3 hot 75 aux. heating / 24V A/C

route L910_12 V1 V2 V3 V4

ambient conditions passenger HVAC    daily distance

S3 hot 25 heat pump

S3 hot 25 aux. heating / 24V A/C

S3 hot 75 heat pump

S3 hot 75 aux. heating / 24V A/C

route L910_53 V1 V2 V3 V4

ambient conditions passenger HVAC    daily distance

S3 hot 25 heat pump

S3 hot 25 aux. heating / 24V A/C

S3 hot 75 heat pump

S3 hot 75 aux. heating / 24V A/C
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