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1. Executive summary 

A.3: Progressive electrification of hybrid bus network, using 
existing tram and underground electric Infrastructure 

The Use Case “Progressive electrification of hybrid bus network using existing tram and 
underground electric Infrastructure” consisted of a study achieved jointly by STIB and VUB to 
prepare for the upcoming electrification of STIB’s bus lines. This study is in line with the 
Brussels government clear strategy for the transition towards local zero-emission busses: a 
progressive electrification of its bus fleet. This use case consisted of a global study and no 
demonstrator has been foreseen. Since the ELIPTIC project was launched, the Brussels 
government has taken several legal decisions towards this electrification, enabling STIB to 
launch 3 tenders for its electric busses (also noted eBuses in this report). The results of the 
study made in the framework of ELIPTIC have directly influenced these 3 tenders, shaping 
the vehicle and infrastructure requirements. However, the tender procedure is not yet 
finished, its conclusions are not available and hence are not detailed in this document. 

The objectives of this Use-Case were twofold: 

 Grasp the operational implications of electrification; 

 Evaluate the financial impacts of electrification. 

 
While this was not directly included in the feasibility study, the two objectives described 
above have enabled STIB to go forward with its stakeholders on its concrete electrification 
projects.  

In this framework, a thorough measurement campaign has been carried out in order to study 
and analyse the energy consumption of its busses in real operation conditions over 3 bus 
lines. The data of the measurement campaign were used by VUB to run simulations in order 
to evaluate the consumption of an electric bus compare to a diesel bus in various conditions. 
Based on this, VUB has provided an operating model based on several battery-capacities 
and chemistries. The figures were used by STIB to make the estimation of consumptions for 
its whole fleet and compare this energy requirements with the sizing of its grid. Furthermore, 
the simulations that have been performed provide different charging scenarios (i.e. overnight 
charging and opportunity charging) with dedicated power charging levels and their charging 
time; taking into account the transport assignment of each bus line.   

STIB use its own 11kV grid mainly for its infrastructure, tram and metro operations. Its peak 
activity is observed during peak hours, and the sizing of its grid is based on these peak 
values. This means that there is a significant spare capacity available mostly at night-time 
when the tram and the metro are not running. The ELIPTIC use-case has concluded that the 
STIB 11kV grid is strong enough to recharge all the bus fleet during night-time, even in the 
case of a fully electrified bus fleet.  

Other impacts concerning infrastructures, operations, eBus technologies were also tackled 
during the project and have helped directly STIB to develop scenarios for the next steps in 
the direction of migrating its diesel fleet to an eBus fleet. Therefore, this feasibility study will 
enable STIB to achieve their electrification strategy for dedicated lines in Brussels City 
towards green transport.   
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B.2: Optimized braking energy recovery in light rail network  

The Use Case “Optimized braking energy recovery in light rail network” consisted in 
improving the energy efficiency of the Brussels tram network, with a potential focus on 
braking energy technologies. In this context, tram lines 7, 19 and 94 have been studied in 
detail thanks to a thorough measurement campaign and the development of models and 
simulations. 

One of the possible ways to reduce the consumption of the tram network is to capture the 
braking energy that is generated by the tramways during the braking phases. In regular 
operation, a small portion of this energy is reused by the same vehicle auxiliaries, while 
another portion is sent back to the overhead line in order to power other vehicles. This latter 
portion depends on traffic conditions and characteristics of the network. The remaining 
energy, i.e., the part that could not be re-used, is dissipated in the tramways braking 
resistors. This braking resistors energy can however be recovered and reused with different 
technologies such as energy storage or reversible substations.  

This study has focused on:  

 The estimation of the amount of energy dissipated in the tram braking resistors; 

 The study of solutions to capture and reuse this energy  
 
In this framework, a thorough measurement campaign has been carried out in order to study 
and analyse the energy flows in the tram network and to validate the developed models. The 
results of the measurement campaign have shown that most of the braking energy generated 
by the tramways is already reused and there is a very small portion that is dissipated on the 
braking resistors. This is very significant in lines 94 and 7 where around 97% of the braking 
energy generated by the vehicles is reused in the vehicle or sent to other vehicles and only 
around 3% is wasted in the braking resistors. Thus, even if we could reuse all the wasted 
energy, the potential to reduce the energy consumption is very low.  

The detailed study shown hereafter in the report presents the portions of the tram lines with a 
higher receptivity and the portions where the energy is wasted in the resistors. It can be 
observed that the portions with a high traffic density and lines interconnections have very 
high line receptivity, hence very low energy loss. On the contrary, the portions of the lines 
that are more isolated from the rest of the network have a higher share of energy that is 
wasted in the resistors. This is for instance the case on part of line 19.  

Another reason that explains the receptivity of the lines is the high consumption of the 
auxiliaries. The average auxiliaries’ consumption during the measurements represented 
around 40 to 49% of the tram net consumption during the summer months and up to 60% 
when the heating is on. This energy share depends on the weather conditions, but even 
during a day with no HVAC, this value represents around 30% of the total consumption of the 
tramways. 

Based on these results, several measures have been proposed to reduce the energy 
consumption, like improving the tram network electrical connectedness. Given the already 
high receptivity of the lines, the study provides a clear message that the main focus to 
improve STIB tram network energy efficiency has to be concentrated on vehicles auxiliaries 
consumption. 
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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. 
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3. Use Case Overview 

A.3: Progressive electrification of hybrid bus network, using 
existing tram and underground electric Infrastructure  

Within ELIPTIC, STIB, with the support of VUB, studied the options for the supply of electric 
energy from its own electric grid for eBus exploitation. The feasibility study involved drafting 
the documentation (including itineraries, topography, service planning, load profiles, existing 
electric infrastructure) of several hypothetic, yet realistic, use cases in 3 categories: 

 Neighbourhood bus (Bus Line 17): small vehicle, battery bus, single charging station; 

 Feeder bus (Bus Line 86): standard vehicle, battery or plug-in opportunity charging; 

 Trunk line (Bus Line 48): large vehicle, multiple strategies. 
 

The Use-Case team identified the most promising technical solutions based on state-of-the-
art review (academic, desktop and ELIPTIC consortium documentation) and modelled the 
most promising solutions for each of the use cases, in order to determine robust 
configurations of infrastructure, equipment and operations, namely: 

 Type and location of charging stations; 

 Charging time and charging power levels; 

 Type and capacity of on-board electric storage; 

 Impact on service planning. 
 

Moreover, it assessed the model results concerning: 

 Energetic efficiency; 

 Impact on the electric grid; 

 Technical, operational and architectural impacts; 

 Cost-Benefit (as input for WP3 and WP4 “business case”). 
 

Thus, there was a clear strategy for performing a feasibility study on existing bus lines in 
Brussels, which have been defined according to the needs of STIB towards electrified buses 
in Brussels city. As above-mentioned, the main objectives of this feasibility study are to 
provide STIB with the Key Performance Indicators (KPIs) for those bus lines in terms of 
energy consumption, on-board battery system (i.e. energy density, voltage limits, operating 
SoC, charging limitations, etc.), charging scenario, charging power level, bus autonomy 
charging time, impact of auxiliaries and equivalent CO2 emissions. Therefore, VUB with 
support from STIB has performed several simulations using dedicated accurate models with 
measured data for those bus lines and provided the above-mentioned KPIs that will be 
summarized later in this report.  

The knowledge STIB has accumulated through this Use Case and with the inputs of the 
other ELIPTIC partners has helped obtaining a more precise understanding of the impacts of 
eBuses in terms of operations but also concerning the way to proceed in the direction of the 
electrification of the fleet.  
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B.2: Optimized braking energy recovery in light rail network  

The Use Case consisted of a feasibility study aiming at evaluating the opportunity to install 
braking energy recovery systems for Brussels Tram Network. 

The objectives of this Use Case were twofold: 

 Grasp the operational implications of braking energy recovery solutions. 
 
The study brought direct results related to: 

o Impacts on tram traction substations 
o Impacts on STIB electrical grid 
o Impacts on tram vehicles and potential on-board storage solutions 
o Evaluation of the energy recovery potential for the global tram network based 

on the simulations done on the representative lines  
 

 Evaluate the financial costs and benefits of such technologies. 
 

Based on the technical results listed in the previous section, STIB was able to 
evaluate the financial benefits, based on a cost-benefits analysis of braking energy 
recovery technologies, as well as the environmental benefits of the technologies.  

The operational implications have been analysed for both the vehicles themselves and the 
traction infrastructure (traction infrastructure, electrical network …) 

In this Use Case, three tram lines have been studied to provide insights on the potential of 
braking energy recovery technologies for our tram network.  

Three technology families were considered: 

 Reversible sub-stations can send back the energy collected from the overhead wires to 
the grid. 
 

 Mobile energy storage systems with batteries or super capacitors can collect the 
braking energy and sent it back to the vehicle during the next acceleration. 

 

 Stationary energy storage systems with batteries or super capacitors located as close 
as possible to the main breaking / accelerating area (stops, traffic lights,…) or in the 
sub-stations buildings. 

 
Three lines representative of the diversity of STIB’s tram network were selected. These lines 
are contrasted in terms of topology, urban density, vehicle speed and load: 

 Ligne 7: Line with a good recovery potential due to its separate lane, a high speed and 
rather high load.  

 Ligne 19: Urban line with a high load – it also goes through several very urban zones.  
Ligne 94: Line with a variable profile, with an important load from Louis to ULB, followed 

by a lower load section. 
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4. Methodology  

A.3: Progressive electrification of hybrid bus network, using 
existing tram and underground electric Infrastructure  

 
1. Measurements 

In order to achieve the objectives of increased understanding of the operational implications 
and financial impacts of the bus network electrification, the feasibility study has been 
supported by real measurements done on the three lines analysed with 3 buses (2 standard 
buses 12m and 1 articulated bus 18m). 
The following measurements have been performed:  

 Measurements of energy (fuel) consumption vs time;  

 ICE energy (fuel) consumption;  

 Auxiliary energy consumption or equivalent consumption;  

 Measurements of vehicle time schedules;  

 Stop Time intervals at intermediate stops;  

 Max & min time at the end of the line.  
This fuel consumption has been measured at three different load conditions: i.e., Empty, 
Middle Load, and Full Load. 
The consumption has been measured for three different time slots: i.e., 06h00-14h00, 10h00-
18h00, and 14h00-22h00 
This consumption has also been measured during three days of the week: 

 Monday; 

 Tuesday; 

 Wednesday. 
 
The energy measurements have been based on the acquisition of the following parameters: 
Speed (Odometry), Fuel consumption, Hours, and Date. 
 

2. Simulations (VUB) 
The main target of performing these simulations is to provide a technical assessment and 
technological approach for designing electrified buses in terms of design specifications and 
requirements.  
Therefore, VUB, with support from STIB, has developed an accurate model and co-design 
framework for electric buses which has enabled the study of the proper electrification of the 
selected bus lines. These models were used to optimise the selection of the on-board energy 
storage systems. These models were developed in a Matlab/Simulink environment and are 
mainly based on the ‘backwards-looking’ or ‘effect-cause’ method, which calculates the 
energy consumed by a vehicle following a predefined driving cycle by going upstream the 
vehicle components and accounting for their losses depending on the working point. 
In addition, the developed models enabled to investigate different charging scenarios 
(overnight and opportunity charging) and to study their impact on the size of the on-board 
energy storage system, charging time, charging location, interaction with tram network and 
charging power level. These models were validated using the obtained measurements that 
were performed on the selected bus-lines. Figure 1 shows the modelling and co-design 
framework for electric buses. On the basis of the design considerations and performance 
requirements, a detailed model for the electric bus has been developed with design 
optimization and validated using the measurements of each bus line. To select the proper 
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battery technology and charging method (incl. charging power level and charging time), an 
iterative co-design approach is used and performed as shown in Figure 1. 
 

 
Figure 1: eBus simulation and co-design optimization framework 

 
3. Evaluation 

Based on the developed models, VUB provided a realistic feasibility study that support STIB 
to achieve its target towards zero-local emissions buses. Based on the data, line schedule 
were simulated and costs were evaluated including purchasing costs, maintenance costs, 
energy costs, driver costs and infrastructure costs. The business case can then be set up. 
Within this feasibility study, VUB has provided detailed results of the above-mentioned bus 
lines (L17, L86 and L48) that are evaluated in terms of energy consumption, battery 
technology, charging power and charging time. The following table summarizes the outcome 
of this feasibility study. Furthermore, this study has demonstrated that there is a potential 
integration of the bus charging system into the existing tram network (i.e. tram 3 or 4), 
especially bus line 48. In this study, the impact of the auxiliary loads on the energy 
consumption is also considered. As can be seen in this table, the design of the on-board 
battery systems is mainly depended on the specifications of the bus lines, autonomy and 
their road characterisations. 
 
Bus line Energy (kWh/km) Charging Scenario/ power in kW Charging time 

L86 1.8 (LFP battery) Overnight charging: 40 kW 4hr 15 min 

L17 1.3 (NMC) Overnight charging: 60 kW 4hr 30 min 

L48 2.97 (LTO) Opportunity Charging: 200 kW 7 min 

Table 1:  The design of the three bus lines and their charging systems. 
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B.2: Optimized braking energy recovery in light rail network  

The aim of this study was to determine the energy savings potential in the Brussels tram 
network by recovering the energy dissipated in the vehicles braking resistors during the 
braking events. 

To determine the amount of energy dissipated in the braking resistors, two methodologies 
were used: measurements and simulations. 

Measurements are the best way to know what is going on in the network, they can show the 
consumption of vehicles and substations and the voltage fluctuations on the line where the 
vehicle is running. 

Simulations were based on models of the network and vehicles that try to reproduce it as 
close to reality as possible. For this purpose, the model has to be validated with real 
measurements. Once the model is developed and validated, the added value of the 
simulations is that they are able to predict the behaviour of the network under different 
circumstances. For instance, it can be used to predict the substations load with heavier traffic 
conditions, to study the voltage fluctuations or to see the effect of introducing braking energy 
recovery technologies such as energy storage systems or reversible substations.  

The objective of this use case was to increase the amount of the trams braking energy that is 
recovered to do a useful work and to avoid wasting this energy in the vehicles braking 
resistances. This can be achieved by storing this energy or by sending it back to the mains 
supply. 

The best way to estimate the amount of energy that could be saved was to directly measure 
the energy that is dissipated in the vehicles braking resistors of the vehicles. This has given 
us the maximum theoretical energy savings potential that could be achieved. 

Finally, in the case of positive results based on the measurements and the simulation, a 
business case was initially planned. 

 

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 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 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 
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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). 
 
 
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  

A.3: Progressive electrification of hybrid bus network, using 
existing tram and underground electric Infrastructure  

This feasibility study allowed us to evaluate the key KPIs of the electrified buses. The 
following table summarizes these KPIs. 

Bus 
line 

Battery 
type 

Battery 

Size (kWh) 

Depth-of- 
discharge 
(DoD) % 

Energy 

Cons. 
(kWh/km) 

Charging 
scenario 

Charging 
power (kW) 

Charging 
time 

Autonomy 

(hr) 

L86 LFP 
(45Ah) 

175 90 1.7 Overnight 40 4.25 hr 12 

L17 NMC 
(20Ah) 

265 90 1.25 Overnight 60 4.5 hr 12 

L48 LTO 
(60Ah) 

28 
(charging 
at both 
terminals) 

90 2.97 Opportunity  200 7 mins -- 

Table 2:  Key KPIs of electrified bus lines in Brussels UC. 

In terms of benefits, the air quality is the main trigger for the decision to go for eBus 
deployment. There are also savings that can be highlighted: 

 Bus maintenance (-5% compare to diesel bus); 

 Energy (-80% compared to the diesel bus); 

 Increasing of the life duration of the rolling stock. Where  diesel buses start to have an 
expensive maintenance cost after 15 years, we can expect that eBuses are doing 
better because of the electric engine; 

 Reduction of price for the batteries in the future; 

 Potential reduction up to 30% in the opportunity charging at terminals or at stops 
thanks to the possible integration into the existing tram/metro networks;  

 Increasing of life duration of the battery in the future. 
 

Compare to diesel buses, eBuses have extra costs: 

 Purchasing cost is higher for an eBus than for a dieselbus; 

 Higher number of buses needed for the same service to passenger due to limited 
range (overnight charging) and recharging time at terminal stop (opportunity); 

 High driving cost due to recharge at terminal stop (opportunity charging) and extra 
kilometre due to extra trip from and to the depot due to limited range (overnight 
charging); 

 New infrastructure to build in the depot and at terminal stops. 
 
STIB use its own 11kV grid mainly for its infrastructure, tram and metro operations. Its peak 
activity is observed during peak hours, and the sizing of its grid is based on these peak 
values. This means that there is a significant spare capacity available mostly at night-time 
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when the tram and the metro are not running. The ELIPTIC use-case has concluded that the 
STIB 11kV grid is strong enough to recharge all the bus fleet during night-time, even in the 
case of a fully electrified bus fleet.   

Based on measurements, simulations, models and current bus lines characteristics (length of 
lines, types of bus, km travelled on each line, etc.) an analysis was made to study the energy 
need for a 100% eBus fleet. The increase of the bus mode offers between 2015 and 2030 
was also calculated. The analysis demonstrated the needed energy for overnight eBus 
charging is covered by the sizing of STIB 11kV grid. Indeed, STIB is the owner of its 11kV 
grid mainly used for tram and metro operations. The figure here under shows the load of the 
transformation 36kV/11kV sub-stations. It means the cost of connection of our depot close to 
tram and metro grid (actually 3 depots out of 4) will remain low. 

 
Figure 2: 36kV/11kV sub-station load 

 

SWOT evaluation results A.3 

Strength Weakness 

 No technical and operational limitations on the 
charging process expected due to sufficiently 
available spare capacity in the public transport 

power supply grid 

 Technology concept is aligned with the goal of 
STIB to implement zero local emission buses 

 Technology concept is ready for full commercial 
application, however there is a lack of hardware 
standards with regard to opportunity charging 
points (for instance: position of pantograph varies 

with bus manufacturers, no industry standard) 

Opportunity Threat 

 Synergies are various: 1) use knowledge from 
operating trams and metros for maintenance and 
operation skills, 2) reduction of electricity price for 
tram/metro grid due to purchase volume, 3) more 
efficient use of existing tram/metro power grid 

 Legal framework in terms of energy and grid, 
environment as well as safety does not constitute 
a barrier for the implementation and operation of 

the technology concept 

 Finding the necessary space and a suitable 
location to house the required additional 
equipment is a major technical and operational 
barrier 

 Opportunity charging strategy can become 
obsolete due to increases in the traction battery 
capacity in the mid-term, investment horizon of 

charging infrastructure is 20 years, what constitutes 
an investment risk 

 Funding need to be secured  
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The technology concept takes advantage of the city’s goals to implement a zero-local-
emission fleet, the robust public transport power supply grid so far. The technical feasibility 
has shown a mature product, with the weakness, at the moment, of crucial aspects of the 
hardware, such as the lack of standard for opportunity charging technologies. The actual 
effect of the concept on urbanistic constraints and the public transport grid is still considered 
a weakness, mostly at specific locations and operation times.  

The opportunities of the system can be counted among the many possible synergies that 
arise from its implementation, like the existing know-how on electric vehicles, the possible 
enhancements to the public transport electric grid, lower energy costs and more efficient use 
of the network. Threats to the concept have been identified at the operational level in 
funding, the availability of space for the additional equipment, a concern many dense cities 
face, but also in the strategic thinking of the future of the technology, as new technologies 
(larger and more cost-efficient batteries) may render the present technological concept 
obsolete. 

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 e-buses are mostly electricians, with additional 

programming skills and expertise on e-bus components and safety issues. 
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B.2: Optimized braking energy recovery in light rail network  

A tramway energy balance has been done based on the measurements taken on a T3000 
tramway. The aim of this study was to understand in detail how much energy and how this 
energy is consumed by tramways in order to try to reduce this consumption. 
The original intention was to reduce the energy consumption of the tramways by reusing the 
energy that is dissipated in the braking resistors. However, measurements show that the 
tramway network is very receptive and that very little energy is dissipated in the braking 
resistors in the lines measured. This is especially true for lines 94 and 7, where the braking 
resistors energy dissipation amounts to 1.8 % and 2.6 % of the net energy consumption of 
the tramways. This percentage is higher for line 19, representing 7.1% of the energy 
consumption, due to the fact that half of the line is electrically isolated from the rest of the 
network and it is in this part where most of the energy dissipation takes place. 

 
Measurements show that the network is more receptive in areas near lines interconnections 
and on the contrary, energy is dissipated in areas that are either isolated from the rest of the 
network or further away from interconnections. Other possible factor responsible for the high 
receptivity of the network is the auxiliaries’ consumption of the tramways which is higher (in 
relative terms) than that of the metro trains. 
 
The consumption of the auxiliaries, with values between 40 and 50% (in the summer time) of 
the total net consumption, is a very important element, that some days exceed the net 
traction consumption. (During the winter time, the auxiliaries and heating consumption 
exceed the net traction energy and amount to around 60 % of the total net consumption). 
 
The power train seems to be very efficient, globally around 85 or 87% and it would be very 
difficult to improve those figures. Besides, this is something that could only be improved by a 
technology breakthrough on the manufacturer side. 
 
Finally, some aspects that could help saving energy are listed below: 
Although the very low amount of braking energy to recover in two of the studied lines, it could 
be reused by installing braking energy recovery technologies or, in some cases by trying to 
increase the interconnection among existing lines.  
The reduction of the auxiliaries’ consumption is certainly the most important factor in the 
Brussels tramway network. Within the auxiliaries, probably air conditioning and heating will 
produce the highest power demands and they could be improved with optimized control 
systems or with sophisticated ventilation techniques. This point should be further 
investigated. 
 
Besides, the average auxiliaries’ consumption of a T3000 tramway without heating or air 
conditioning had a value of around 10 kW. Reducing this value by 10%, i.e. a new 
consumption of 9 kW in average, would reduce the global consumption of the tram between 
2 and 3%, which is not negligible. Thus, doing an effort to have efficient on-board electronics, 
lights, ventilation system, etc. is not a minor issue. 
Globally, assuming that the share of auxiliaries’ consumption remains the same, a reduction 
of the auxiliaries’ consumption by X % would represent a global consumption decrease of 
around 0.4*X % to 0.6*X%. 
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On the other hand, if the auxiliaries’ consumption was significantly reduced it could have an 
impact on the receptivity of the network. 

 

 
Figure 3: Sankey diagram of tramway consumption 

 

 

SWOT evaluation results B.2 

Strength Weakness 

 Technology concept is ready for full commercial 
application, key components are market available, 
global standards of hardware, software and 
interfaces are established 

 The application of the technology concept does not 
influence the reliability and availability of the tram 
network, whereas the energy efficiency can be 

increased (avg.: amount of used recuperated braking 
energy by 3%) 

 No tram substation in Brussels currently 
provides a positive business case in order to be 
upgraded to a reversible substation 
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Opportunity Threat 

 Reversible substations in the tram grid offer several 
synergy potentials, among them load balancing in 
the tram energy supply grid as well as public 
distribution grid 

 Legal framework in terms of energy and grid, 
environment as well as safety does not constitute 
a barrier for the implementation and operation, 
given the public transport operator owns a high 
voltage grid 

 (Local) politics & authorities as a main stakeholder 
are active supporters, having a moderate influence 

on the implementation and operation of the 
technology concept, however there is currently no 
direct support 

 Reversible substations can become partly 
obsolete due to improved energy storage 
solutions (e.g. batteries, supercapacitors, flywheels) 

installed on-board or along the track 

 Available space for the installation of reversible 
substations is a potential barrier 

 Reasonable application of technology concept is 
not feasible in all environments, favorable 
characteristics for braking energy recuperation in 
general are: separated lane, high passenger load, 

many stops, high driving speed and a complex 
topography, for the application of reversible 
substations: low frequency in track section and 

isolated track parts 

 Funding for the implementation of reversible 
substations in the tram grid is not available or 
insecure (currently no positive business case), main 
funding sources are regional public funding, EU 

funds and own funds 

 

The technology concept has clear strengths in its market readiness and availability, as well 
as in the potential positive effect on the overall performance of the tram network’s electric 
consumption. The prospect of its implementation also benefits from the opportunity of 
benefitting the public transport supply grid’s load balance, legal soundness and political 
approval and support. Despite an expected 3% energy efficiency, no tram substation 
evaluation has yet provided a positive business case. The technology concept is also 
threatened by its potential obsolescence in the future due to higher capacity and more cost-
efficient on-board storage options. Available space for the installation of substations in 
Brussels is seen as critical, and operational characteristics of some routes do not meet the 
criteria for the application of the technology. Finally, funding for the technology is not directly 
available, mainly due to a lack of an adequate business case. 

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

 
Regarding the deployment of eBuses in Brussels and as mentioned above, STIB launched 3 
eBus tenders. The Brussels government has also set up the target to have a 100% eBus 
fleet in the coming years. In this context, the ELIPTIC use case has provided decisive inputs 
in terms of knowledge about eBuses that will help STIB to define the future strategy for the 
deployment. The information collected from the other partners of ELIPTIC consortium is also 
very important source of information. 
Furthermore, this feasibility study enabled us to identify the other key aspects that should be 
thoroughly considered in the next EU projects and in the next deployment of on-road 
charging systems in cities. These key aspects are: 

 Investigation of the grid stability and quality during the charging process; 

 Investigation of the battery aging during fast charging capabilities; 

 Safety aspects; 

 Standardizations; 

 Interoperability of charging systems and electric buses. 
Thus, the above-mentioned aspects will be investigated in the next follow-up project that is 
called ASSURED. This new project started in October 2017. 

 

B.2: Optimized braking energy recovery in light rail network  

Several aspects could be pointed straight away. 

 Measurements of the auxiliaries’ consumption on harsh winter days below 0º C 

 Development of the test in line 19 during the spring or summer days with less 
auxiliaries consumption and with a modified network on Place Schweitzer 

 Development of test in line 7 by closing the switch around Hembeek 

 Analysis of 700V network to identify potentially isolated sections. When possible, 
interconnection with other lines is recommended to reduce the energy consumption 

 
On a deeper perspective, it is clear that to reduce the consumption, the auxiliaries need to be 
reduced. Several projects to study the HVAC performance could be studied, including: 

 Different regulation of heating and cooling temperatures 

 CO2 measurements 

 Door opening regulation 

 Control of ventilation in function of the vehicle charge/CO2 . 

 Reduction of energy consumption at terminus (sleep mode, operational changes, etc.) 

 
For future vehicles purchases, it would be recommended to ask for a remote metering 
system that allows STIB make the energy balance automatically, without a specific 
measurement campaign. The parameters to measure are the ones measured during this 
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campaign. 

On a shorter perspective the author recommends to install several energy meters on each 
type of vehicle (T3000, T2000, T4000, PCCs). This energy meters should measure. 

 Traction (Positive and Negative) 

 Braking Resistors 

 Auxiliaries (Heating, Other loads, etc.) 
 

For instance, 4 energy meters would be enough for a T3000: Traction Converter, Braking 
Resistors energy, Heating, Other auxiliaries. The results could be analysed monthly or 
annually, from a pure energetic point of view. 
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7. Conclusions 

A.3: Progressive electrification of hybrid bus network, using 
existing tram and underground electric Infrastructure  

The ELIPTIC project has helped STIB to develop knowledge about eBuses and these inputs 
are directly used in the current eBus tenders. This project and the feasibility study enabled 
STIB to define the key specifications and requirements that should be considered during the 
preparation of the next tenders for electric buses and their charging infrastructure with a high 
potential of integrating them into the existing tram or metro network.   
The main challenges for STIB for the future deployment of an eBus fleet are the funding, the 
infrastructure development (new depot building due to the extra buses needed, terminal stop 
space and electrification where no tram or metro are available, depot electrification for the 
new one), the technology of eBuses that need to be collected in bus operation and technical 
structure, the interoperability between charging infrastructure and eBus that need to be 
specified before launching tending procedures. 
Based on ELIPTIC results and current tender procedures for eBuses, STIB will increase its 
knowledge to develop its eBus fleet exploitation. 
Furthermore, the key challenges of the electrification in cities are the national regulations, 
standardizations of the charging infrastructure, interoperability, battery prices and real- life 
measurements.    
 

B.2: Optimized braking energy recovery in light rail network  

This Use Case has brought very interesting results to STIB. Based on a previous positive 
experience of studying and installing braking energy systems for its metro lines, STIB was 
interested in calculating the potential for its tram network.  

The results of the study have unfortunately shown us that the tram network in Brussels is 
very dense and interconnected. This means that a lot of braking energy is already 
exchanged between vehicles, and that the portion of wasted energy is very low. The 
business case for recovering braking energy from tram is hence not positive.  

The corollary to this is that the Brussels tram network has been well designed and is already 
very efficient.  

The ELIPTIC use case has however enabled us to study deeper the potential of improving 
the energy efficiency of the tram network, in other areas than braking energy recovery. The 
lessons learned for this project orient us towards direct actions that will improve our 
efficiency of our tram vehicles and network, and reduce our CO2 emissions.  

 

End of the Document 

 


