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ACRONYMS
BEV: Battery Electric Vehicle
DoW: Description of Work
EV: Electric vehicle
FTE: Full Time Equivalent
ITS: Information and Telecommunication System
KPI: Key Performance indicators
LCC: Life Cycle Cost
MZA: Warsaw Municipal Bus Co. Ltd - PTO
PT: Public Transport
PTA: Public transport authority
PTO: Public transport operator
TW: Warsaw Trams Co. Ltd - PTO
URE: National Energy Regulation Office
VKM: Vehicle kilometre
Vehkm: Vehicle kilometre
WP: Working Package
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2. Executive summary
The Use Case is to be applied in the context of the highly urbanised landscape of the municipal
area of the Capital City of Warsaw, which is one of the largest, most attractive to business and
fastest developing cities in Europe, with great demand and high supply of various means of public
transport. The core of the public municipal transportation system is a diesel-powered network of
bus lines with daily use of about 1.150 buses, with a well-developed tram network, suburban rail
system and most importantly two metro lines Blue (N-S) and Red (E-W) which are the backbone
of the public transportation system. All of these means of public transportation create a wellmanaged and supervised tight network of multimodal public transportation system in the Capital
City of Warsaw. The Strategy set by City Hall for major development in the next 20 years is a zero
emission environment friendly public transport. MZA Warsaw as city owned company implements
the city’s strategy by involvement in many R+D initiatives, as well as investing strongly in a
low/zero emission fleet with accompanying infrastructure.
The main aim of MZA’s/PIMOT’s involvement in the ELIPTIC project is checking the possibility to
utilise the catenary to supply power for opportunity chargers for e-buses. Currently the above
solution is not easy to execute due to lack of proper rules. Companies generally need to have a
concession to sell the electricity to a third party, so the main problem is to successfully go through
all the law regulations.
MZA Warsaw contributed to the project together with its research partner PIMOT - R&D
Automotive Industry Institute.
PIMOT researched on quality, technical and operational issues related to the planned use case
when technical possibilities will be created.
Since VI. 2015 to VII.2016 MZA together with partners took care of procedures for obtaining
consents and administrative permits for using the tram network to supply e-bus chargers.
Signing the relevant agreement between the MZA and the Warsaw Trams (TW) allowed to:
 Confirm the place where the charger could be installed;
 Perform works on the charger connection to the transformer station (done by TW
according to the agreement);
 Prepare the place for the foundations of the device (MZA, according to the agreement);
 Carry out the procedures for selecting the e-bus charger manufacturer.
In I. 2018 the charger was in operation. The selected KPI’s were analysed and described below.
The use case of using tram infrastructure to charge electric buss includes:
 Analysis of the potential of using energy from the tram infrastructure for charging e-buses
and exploration of existing possibilities of (re)charging e-buses;
 Analysis of e-bus adaptation to enable charging from catenary;
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 Testing and demonstration: design and construction of hardware, design and construction
of necessary technical infrastructure;
 Research issues: optimisation for ensuring the sufficient charging time, alternatives for plugin charging, optimisation of e-bus routes regarding technical capabilities.
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3. 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
promoted the electrification of the public transport sector at a political level and helped to develop
political support for the electrification of public transport across Europe.
ELIPTIC looks at three thematic pillars:
 Safe integration of e-buses 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.
 Upgrading and/or regenerating electric public transport systems (flywheel, reversible
substations).
 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 these three thematic
pillars. The project supported uptake and exploitation of results by developing guidelines and tools
for implementation schemes for upgrading and/or regenerating electric public transport systems.
Decision-making support tools (e.g. an option generator), strategies and policy recommendations
were created to foster Europe-wide take up and rollout of various development schemes. Partners
and other cities benefited from ELIPTIC's stakeholder and user forum approach. ELIPTIC
addressed 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 strengthened 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.
The implementation of the ELIPTIC project by MZA and PIMOT allowed to gain practical
knowledge on the use of electric bus chargers powered by municipal networks (in this case tram
network) as the future of modern electric bus charging systems in Warsaw, which falls within the
program of state policy aimed at increasing environmental protection in the form of reduction of
air pollution in the city.
Dissemination progressively took place in the area of increasing awareness of all participants of
this process, which includes the officials, inhabitants, passengers and manufacturers of all related
equipment, i.e. electric buses and charging systems.
The basic information channels were information activities, publications, websites, etc.
Participation in thematic conferences organised at the local level also took place (City Hall,
municipal government agencies) and at national level in the form of national and international
conferences, as well as promotion in various types of organisations and industry associations
such as the IGKM - Chamber of Commerce for Urban Transport.
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Description of expected use case features, establishing the link among use case
conditions, objectives and background
Step 1 - Approvals
Approval from National Energy Regulatory Office (URE) means:
a) Consent to using of the tram network (power grid) to recharge e-buses;
b) Determination of network usage and tariff conditions for the resale of energy.
Step 2 – Concept - execution
Crucial point in our Use Case was to obtain official permit to access TW catenary power
grid. TW granted us an access (based on commercial use only after positive decision from
the Authorities – National Energy Regulatory Office – URE (tariffs)). Today we know that
procedures were time-consuming. With URE acceptance together (MZA+TW) we selected
location for placing recharging infrastructure. We started the process of developing the
technical project for power gird connection and finally we have finalized the selection,
purchase, and then construction and installation of the chosen charger on dedicated place.
a) With the above documents, we have chosen (MZA together with PIMOT and TW as
energy provider) location for charger as the best place from infrastructural point of
view.
b) PIMOT together with MZA evaluated types of charging equipment suitable for our evehicles, available on the market.
Step 3 - Tender
a) MZA after selecting the best technological solution (in accordance to technical
assumption as per letter b) in step 2 above) the manufacturer of the charger has been
chosen.
b) The winner was obliged to:
o prepare the technical documentation of the charger, production and construction
at the chosen location
o produce and install the charger with AC/DC converter at the agreed location (near
the transformer station TW, in the MZA "Wloscianska" facilities).
Step 4 – Documentation
All necessary documentation was being agreed / approved in accordance to the Polish
regulations.
For the above, they were responsible for the work, i.e. the manufacturer of the charger
and the TW, which carried out power connections between the charger and the
transformer station.
Step 5 – Implementation of the above concept
We have failed to meet the deadline of production and connection of our charger to the
transformer TW Warsaw to the end of 2017. Due to the unusual power supply (DC / AC)
device manufacturer was delayed for more than a month. The charger was installed and
connected at the turn of January and February and it was only in February that it was
possible to launch an e-bus operating charge and collect data that allowed for the analysis
of key indicators (KPI).
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4. Use Case Overview
Warsaw is served by an extensive public transport system composed of suburban railways, metro,
tram and a dense bus network.
The main supply indicators of the public transport system in Warsaw, operated on the territory of
32 municipalities of the Warsaw Transport Authority ZTM, are the following:

Mode

No. of lines

Network Length (km)

Operators

Metro

2

29.2

MW

Tram

27

131 / 390

TW

Bus

240 (+43 nigh lines)

1,188 / 3,069 (excluding
local lines)

MZA + Private

Railway (SKM only)

4

106 / 147

SKM

Table 1. Main public transport operators in Warsaw

Regarding transport demand, the total public transport traffic in Warsaw agglomeration in 2016
was estimated at 632.3 M passengers/year. The average motorised mobility is 2.69
trips/inhabitant/day in the agglomeration.
The main bus operator Miejskie Zakłady Autobusowe Sp. z o. o. is operating 193 urban and suburban lines, carrying daily around 1.2 M passengers and operating annually around 88 M vehkm.
The ELIPTIC use case for the Capital City of Warsaw coincides with the long-term development
strategy of MZA Ltd (owned by the City of Warsaw) for the years 2014 – 2024, which involves
major investments focused on development and exploitation of environmental friendly vehicles.
MZA is the largest bus PTO in Poland employing over 4 300 specialized workers. MZA fleet
comprised of about 1300 buses, of which 1150 are daily in operation (availability rate of 84.6%).
The average age of the fleet is 7.1 years. Slightly over 20% of the fleet has engines Euro 3 and
below. MZA owns and operates 50 low emission buses, among which 35 are LNG buses, 20 are
electric (12 m) and 5 are hybrid diesel-electric. MZA renews every year around 80 buses. The
renewal of the fleet is for the few years carried out to favour low emission modes, which includes
increase of the electric vehicles fleet:
 In 2015 the company purchased a first part of 10 e-buses (12 m), in 2017 it purchased
another 10 electric buses 12 m and in 2018 additional 10: there will be 30 in total of 12m

|9

Deliverable 2.10
Warsaw Final Use Case Report
buses;
 The company is going to invest in 18m zero emission buses: 130 buses with accompanying
infrastructure will be financed in 2019-2020 with Operational Programme Infrastructure and
Investment.
MZA currently operates 4 bus depots for a total of 1,191 parking spots, while a fifth depot
(Redutowa) is currently not operated (waiting for modernization). The new Redutowa depot is
expected to be operating after 2020 and will have a capacity of around 300 buses, of which 134
electric articulated.
The main problems in Warsaw connected with transport are as follows:
 Congestion in the city centre generated by internal traffic, through traffic and incoming traffic
by residents of neighbouring municipalities.
 Growing share of individual transport in the overall mobility of the city.
 Local congestion problems.
 High air pollution and noise generated by individual transport.
The company’s agenda lays an emphasis on constant pursuit for the highest standards and
improving quality of service e.g. through constant development of the infrastructure and
purchases of vehicles representing state of the art in terms of technological innovation and green
solutions. In 2015 MZA introduced the first fully electric line (line No 222) passing through Trakt
Królewski, the most representative area in Warsaw. Next step was preparing “Strategy for the
transport services in Warsaw with no-emission buses (electric)”, the document in which the City
Hall identifies mandatory corridors which are to be conversed in the near future to emission free
zones. The city and MZA are focused on creating no-emission corridors (one of them is Trakt
Królewski – historical part of the city, area for pedestrians, with a good connection to a metro line,
electric buses only and strictly limited access for individual transport).
MZA’s goal is to allow passengers to commute comfortably and to decrease the level of pollution
within the urban metropolitan area, according to the City Hall policy. Participating in the ELIPTIC
Project enables MZA to develop in the area of charging infrastructure.
The present means of public transport, which are in great majority diesel powered, must be
substituted, where possible and economically reasonable, one to one by low or zero emission
vehicles. The development of municipal public transport based on electric buses will provide more
comfort to passengers and great advancement in application of environment-friendly means of
transport. Progress in this field is related to the development of the charging stations network and
support from the authorities, especially in the field of exploitation of municipal infrastructure owned
by the City Hall.
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Figure 1: Network of trams and thus the possibility of using the
tram catenary power EV charging stations.

Figure 2: Future network of e-bus charging stations.
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Aim of this project is in line with the main regional and local strategic documents for Warsaw
public transport strategic development including:
 The Strategy for the Development of the Warsaw Sustainable Transport System up to
2015 (and following years);
 The Strategy for the Development of Warsaw Capital City up to 2020;
 Low Emission Plan for the capital city of Warsaw (2015);
 Masovia Voivodeship Development Strategy up to 2030;
 and the Warsaw Mobility Policy.
MZA used the municipal power network that powers the tram catenary as a source of energy for
e-bus chargers in the ELIPTIC project.
In the implementation of the project, MZA used its e-buses to demonstrate such a case, i.e.
adaptation of the TW transformer substation to the power supply of the AD / DC charger.
The gradual introduction of e-buses to regular passenger lines, due to the varied traffic (from light
to heavy), will adequately assess the suitability of the proposed solutions for passengers.
The procedure proposed in the ELIPTIC project is unique in Poland - none of the public transport
operators uses the traction network or power substations for charging electric vehicles. Only
companies that operate trams and buses (as one company) can easily use this opportunity of
charging electric vehicles batteries with chargers connected to the tramway catenary without any
additional permits and legal procedures, except those related to their construction.
For testing and demonstration MZA identified and located the charging station for e-buses at the
end of a dedicated route- 222. The location for the use case demonstration is close to the bus
line, but MZA had to also take into account the needs and plans of Warsaw Trams when agreeing
on the location for the charger.
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5. Methodology
The assumption adopted in the Project to be implemented by Warsaw was to show the possibility
of supplying a bus charger from the municipal power grid, specifically from the tramway network
of the TW.
The participants of the Project led to the acceptance of such solution by the URE, conditioned by
the conduct of the so-called simple sales of electricity/energy (sold without additional costs) by
the TW. In the light of such a URE site, the partners (MZA and TW) have concluded a proper
contract.
The next big challenge was to choose the right charger. To achieve this goal, PIMOT has collected
the various regulatory documents necessary for the initial design of the charger in accordance
with applicable laws and regulations. In the preparatory work PIMOT performed the analysis of
the scientific literature on the electric vehicle charging systems. Considering available technical
information for the best, stable effect when charging power is above 22 kW, a DC fast charger
should be applied. Such device ensures that the battery is recharged faster by the appropriate
current quality.
Next, PIMOT carried out the market research for different manufacturers about the cost of
production, installation and connection of the charger. Also, has prepared the report about
necessary tender requirements, as to help MZA to find the right supplier in accordance to the
procurement procedures. Finally, PIMOT prepared the technical specification for the tender.
MZA chose the charger manufacturer according to price competition rules. The charger was
manufactured by Medcom Ltd, however with the unusual power supply (AC/DC) producer delayed
about month with its delivery (according to the schedule, it should have been connected to the
TW transformer station by the end of 2017).
MZA and TW, together with PIMOT, at the turn of January and February 2018 mounted the
charger, and TW immediately performed the necessary electrical work in its transformer station
to provide appropriate electrical connections to power the 40 kW DC charger.
In February, PIMOT together with MZA started the test operation of line 222 in a new arrangement
(charging in Wloscianska TW) and collecting selected operating parameters.
After collecting and analysing the data, PIMOT together with MZA developed an analysis of KPIs,
the result is a summary in the table below (chapter 6).
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Figure 3. E-bus charger with its location
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Figure 4: MZA + TW facilities “Wloscianska” with location of e-bus charger.
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6. Main evaluation results
Our experiences are going to be highly valuable for the majority of public transport operators in
the pursuit of an opportunity to benefit from the TW power grid to charge e-buses. Municipal
infrastructure (trams, metro, etc.) can provide more than sufficient basis for creation and further
development of a network of charging stations for electric buses used by the operators of
municipal public transport.
The main evaluation results related to the objectives of the ELIPTIC use case in Warsaw are:
Short term:
1) Obtaining the consent of the National Energy Regulation Office (URE) to use the tram network
for the supply of opportunity chargers;
2) Working out a concept for the use of the tram network in accordance with the selected type
of charging solution.
Long term:
1) The power supply from the tram system provides the following advantages:
 Lower cost of 1 kWh of electricity consumed in relation to the price from the source of
electricity (commercial electricity suppliers);
 Power stability due to extensive tram network transformer;
 Easier to use urban (municipal) areas to locate electric bus chargers.
2) The convenience of using the tram infrastructure contributes to the development of
electromobility due to the easier access to urban sources of electricity
3) Growing the network of charging infrastructure of the electric buses, diversification of sources
of electricity for MZA, practicing new models for charging issue
Expected impacts
Warsaw could become a good example for other cities that are interested in the ELIPTIC
approach to use existing public transport infrastructure for the introduction of electric buses.
Main identified impacts:
 Faster delivery of electrification across Warsaw bus network – improving sustainability by
deploying and promoting an electric environment (more charging possibilities for the
company);
 Possibility to reduce the energy costs (lower fees from TW);
 Possibility of increasing the operational time of e-buses.
KPI’s are presented in Table 2 below. As presumed, the main advantage is reducing costs of
electricity.
According to the schedule of the Project, the main goal in the case of Warsaw was to obtain all
formal and legal consent to allow the e-bus charger to be powered from the tram network. This
stage was completed successfully.
There were difficulties to reach an agreement with TW on location and on reselling the energy
because there were no procedures on their side for that and generally only entities with
concession for selling the electricity can do that. A formal agreement from URE solved the issue.
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We also had substantial delays in our work due to reconstruction work planned by TW in their
transformer station. These were delayed.
The Warsaw example shows the possibility of cooperation of municipal companies to create urban
e-bus system chargers powered by e.g. tram network.
For other European cities, the barrier to the implementation of such a project may be the
applicable local laws and regulations, especially on energy trading, building permits or land
possession.
Possible barriers:
 Difficulty in setting common goals among many entities (e.g. TW not willing to resell the
electricity, did not have procedures);
 Problems in determining the location, unclear ownership of the land;
 Tram network powered with DC, whereas most of the chargers on the market produced for
AC, small market of suppliers, problems to explore the market and collect offers;
 Technical problems with proper functioning of AC/DC converter (technology not mature yet,
it is a kind of prototype);
 Concession for electricity sale.
Possible drivers:
 Willingness to explore the possibilities / check the procedures to have alternative electricity
source (with the next charger it will be much easier);
 More places in Warsaw to charge e-buses, development of the network;
 actions compliant to the strategy of the city, as well as the company’s aims to invest strongly
in e-buses in the next few years (planned investing in additional 130 zero emission buses
and the modern depot);
 Cheaper electricity;
 Overall positive “political climate” for electromobility, new regulations on electromobility;
 Way to show the community that MZA is not only PTO, but also modern, environment
friendly company, which invests in R&D.
The main advantage is the cost of electricity from the tramway transformer station in relation to
the general grid (connection costs in the case of connection to traction-tram grid versus
connection and fixed costs in the case of the general grid). Results below show that that the
cheapest source of electricity is the transformer station of TW. An individual contract for
commercial power supply to the pantograph station is probably the most expensive solution for a
small amount of ordered energy.
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KPI #

Ost2

KPI
Name

KPI Definition

Drivers Workload required to
workload
drive a vehicle

Collection
methods/sources
FTE

Unit of
Referenc
measureme
e period
nt
manmnth/vehicl month
e

Description of the driver's and bus's working day - timetable:
The driver operating the line 222 starts at 5:22 on the first shift (Peak A) and works until 10:55
(last course). Then he puts the e-bus on the Włościańska depot, plugs in the charging and thus
ends the first part of the day. The e-bus remains on the Włościańska depot until the start of shift
B (afternoon peak). Bus with fully charged batteries goes on the route at 15:32, serving the 222
line until 23:04. After the last course the bus goes back to the Woronicza Depot, the driver
connects it to the overnight charger. The charging time is sufficient for the full recharging of
batteries and to start work the next day at 5:22. In the described situation, the time of interrupted
work of drivers (during the day between shifts) is reflected in their weekly graphics. Considering
the need for shift work of drivers, this situation is not negative but even desirable.
Travelled km divided
by the number of
Osu2
157,7 km/veh/day
operational vehicles
per line
The use of the charger in the Włościańska TW depot allowed for a better use of e-buses working
time, creating a vehicle timetable allowing for the maximum number of trips while minimising the
number of unpaid kilometres.
Service
coverage

Consistency of the
service

Operatio Vehicles operational
as scheduled
398 h/veh/month
n time
time
The use of the charger in the Włościańska TW depot allowed for a better use of buses working
time by creating such a vehicle work schedule allowing for the maximum number of trips while
minimizing the number of unpaid kilometres. Each vehicle works daily for an average of 13 hours
and 5 minutes (5 hours 33 minutes - shift A + 7 hours 32 minutes - shift B), which gives
approximately 398 hours of vehicle work per month.
Ose8

Sum of all the time
spent for recharging
Amount of time due
Charging
operations in a month
Ose10
to fuel/recharging
78% per vehicle/month
time
divided by the monthly
operations
operational time of a
vehicle
The driver operating the line 222 starts at 5:22 on the first shift (Peak A) and works until 10:55
(the last course). Then he puts the bus on the premises of the Włościańska TW depot, connects
it to the charger powered from the TW network and thus completes the first part of the day. The
average charging time of charger powered from the TW network at the Włościańska TW depot is
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3 hours 53 minutes. The e-bus remains in that area until the B shift begins (afternoon peak). Bus
with fully charged batteries at 15:32 starts on the route, serving the 222 line to 23:04. After the
last course, the bus rides back to the Woronicza MZA depot, the driver connects it to the night
charger. The charging time at the Woronicza MZA depot is on average 6 hours 18 minutes and
is sufficient to start work the next day at 5:22 with batteries fully charged. Each vehicle is being
charged daily with an average time of 10 hours and 11 minutes which gives approximately 310
hours of vehicle charging time per month. The ratio of the average charging time to the average
bus time is approximately 78% (loading time / working time = 310 hours / 398 hours * 100% =
78%).
Monthly expenditure
due to energy, to
Sum of all the
purchase external
expenditures for
53,498 €/vehicle (Feb.
Eco1
goods, to financial operations recorded in
2018)
costs, depreciation,
a month
and taxes
At the same time, the cost of electricity is only 6,85% of the cost of 1 vehkm, including:
depreciation (the largest cost component), taxes and insurance (if all other components of the
cost of vehkm are the same for different types of bus drives 12m).
Operatin
g cost
(general)

Share [%] in cost of 1 vehkm
0%
7%

2%
3%

depreciation
disel oil for heating

10%
energy for operation
tax transport.
78%

insurance AC
insurance third party OC
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Electricit
Sum of itemized
y costs
Total costs for
Eco23
expenditures due to
596 €/vehicle / month
for
electricity
electricity
vehicles
The total monthly cost of electricity used for bus charging at the "Włościańska" TW (energy
supplier Warsaw Tramways (TW) and "Woronicza" MZA amounted to an average of 596 € for a
e-bus with an average monthly mileage of 4797 km.
The monthly cost of electricity “collected” by 1 electric bus is for:
 Tested charger (ELIPTIC) on the TW Włościańska amounted to 284.99 € for a bus
(powered by TW);
 Charger in MZA Woronicza amounted to 301,02 € for a bus (powered by a commercial
operator).
Differences in cost result from various numbers of courses of the so-called Peaks A (morning)
and B (afternoon).
1. Overnight charging takes place at the depot and finally the bus starts the service at 5:22, with
fully charged traction batteries. During shift A the e-bus travels a distance of 73.2 km and ends
the first part of the service day on the Włościańska TW depot with 49.5% working capacity of
batteries. During the shift B the bus travels an average of 84.5 km.
2. The bus in the TW Włościańska depot is connected to the plug-in charger supplied from the
TW network. Opportunity charging takes about 3 hours 53 minutes, i.e. the batteries are fully
charged.
3. The bus returns to the route and starts operating the passenger line. Service work lasts until
23:04 and ends at the MZA Woronicza depot. The bus is again connected to the overnight
slow charger.
During the day, the electric bus travels 157.7 km, for the amount of 19,28€, which is the sum of
shift A 73.2 km x 0.1354 € / km = 9.9113 € and of shift B 84,5 km x 0.1108 € / km = 9,3626 €
which gives an average value of € 0,1222 / km (9,3626 + 9,9113 = 19,2739 : 157,7 km = 0,1222
€ / km).
Electricity
Average
costs
Contains price
Eco29
development of
122 %
developm
increase and inflation
costs for electricity
ent
During the tests, it was possible to analyse various charging systems of traction batteries of MZA
buses. Available were the results from:
 The TW Włościańska Depot (ELIPTIC charger supplied from the TW network);
 The Woronicza MZA Depot (commercial energy operator with long-term contract), and;
 The pantograph charger installed on the Spartańska bus terminal (supply from individual
commercial energy operator).
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The collected results showed that the cheapest source of electricity is the transformer station of
TW. An individual contract for commercial power supply to the pantograph station is probably the
most expensive solution for a small amount of ordered energy.
The difference in cost of electricity per 1 vehkm depending on energy supplier
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Measured in February 2018, the average electricity consumption amounted to 1.53 kWh / km.
Due to the different fee rates for 1MWh, the average cost per 1 km of electric bus from individual
chargers was as follows:
 0.1108 € / km for the charger on the TW “Włościańska” depot connected to the transformer
substation of Warsaw Trams, powered by electricity based on the long-term contract
between TW and the commercial energy supplier;
 0.1354 € / km for chargers at the MZA "Woronicza" depot supplied with electricity based on
a multi-annual agreement between MZA and commercial energy supplier;
 0.1631 € / km for a pantograph charger placed on “Spartańska” bus terminus powered by
electricity based on an individual contract between MZA and commercial energy supplier.

The cost of electricity per 1 vehkm depending on energy supplier
0.18

0.1631

0.16

0.1354

0.14
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0.06
0.04

Spartańska Innogy

0.02
0
cena € wzkm
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If all the kilometres of the month (on average 4797 km) the bus drove on the energy taken from
different sources, the calculated differences in monthly costs depending on the energy suppliers
present themselves alternatively as follows:
 From Włościańska TW (the transformer station of Warsaw Trams), the monthly cost would
be 532 €;
 From the Woronicza MZA Depot, the monthly cost would amount to 650 €;
 From the Spartańska bus loop, the monthly cost would be 782 €.
When considering a mixed charging cycle, this cost would be as follows:
 596 € for Woronicza MZA (301 €) plus Włościańska TW (284 €);
 720 € for Woronicza MZA (301 €) plus Spartańska bus Terminus (419 €).
The most-priced variant among those considered is that one using charger supplied with energy
from the transformer station of Warsaw Trams.
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Monthly cost of electricity for 1 e-bus depends of different energy supplier
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Table 2. KPI examined in Warsaw Use case

After collecting and analysing data, the expected impact can be validated and the results showed
that the cheapest source of electricity is the transformer station of TW. An individual contract for
commercial power supply to the pantograph station is probably the most expensive solution for a
small amount of ordered energy.
The most preferred option among those considered in MZA’s and Pimot’s analysis is the one in
which the charger is supplied with energy from the transformer station of Warsaw trams.
The Warsaw example shows the possibility of cooperation of both municipal companies to create
urban e-bus system chargers powered by e.g. tram network.
For other European cities, the barrier to the implementation of such a project may be the
applicable local laws and regulations.
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7. Follow-up after the Use Case
The upgraded TW transformer station, together with the new DC/AC charger, will most probably
be used to operate a planned bus line heading north of Warsaw.
The use of a grid of the one of municipal company for supplying chargers of electric vehicles of
another municipal company is a positive example of possible co-operation also under the relevant
legislation URE. Although the technology is not mature yet (only one producer decided to make
the official offer) MZA was able to conduct its use case. The experience of implementing the
ELIPTIC use case has influenced the local process of technological and infrastructural change
but has not yet contributed to its broad implementation.
MZA plans to increase the number of electric vehicles having already a total of 30 e-buses (12m)in
2018. In the years 2019 and 2020 MZA is planning to purchase another 130 articulated buses
(co-finances with the EU funds: Operational Programme Infrastructure and Environment). Thus,
the fleet of electric buses will count 160 vehicles. This number of e-busses requires planning the
development of charging infrastructure based on pantograph chargers located on the ends of the
bus lines. The ELIPTIC use case showed that using the tram infrastructure for charging e-buses
might be an option for the overall planning approach in Warsaw.
The electromobility development from the initial stage (where single charging stations were
investigated) now requires the creation of systems that fleet owners of electric vehicles will help
in:
 Traffic management of these vehicles, controlling their vital parameters, such as the state
of the battery charge;
 Management of supply stations feeding chargers due to a very large one-time power
consumption;
 Management of vehicle charging stations, to avoid suspension of service of e-buses due
to, for example charger / pantograph failure.
Creating such pilot schemes, which consider various technical conditions of urban participants,
could be a starting point to their standardization.
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8. Conclusions
The ELIPTIC project met the expectations with regard to the diversification of the electricity
sources for MZA’s electrification strategy, although due to the procedures and so far limited
availability of chargers capable to be connected to the existing public transport infrastructure it is
much easier to connect the network of chargers to the conventional electrical grid. The purchased
DC/AC charger -connected to the power supply of the tram network will in future fulfil the role of
a test and monitoring environment for new technological possibilities.
The experience gained during the implementation of the ELIPTIC use case regarding procedural
and administrative processes will be lessons learned for the future users of such a technological
solution.
Still, there is a risk that after the final analysis of the project’s results, it may be that for procedural
and legal reasons it will be easier to power electric bus loaders from generally available
commercial network providers.
Table 3: Summary of recommendations
Categories
Policy

Technical

Organisation

Legal

For future implementation

General transferability potential to
other cities
There
is
need
for
greater This may be an indication or
involvement of local authorities as recommendation for other cities or
well as the state in all aspects of the local authorities.
e-mobility.
There is an urgent necessity to As a rule, cities have insufficient
standardise the development of infrastructure to create charging
energy infrastructure and the points. Creating new infrastructure, it
construction of charging points.
is important to keep up with technical
solutions from other cities
It is necessary to create a legal It is necessary to create a legal
framework that will allow for the framework that will allow for the
creation of an organization / creation of an organization /
consortium implementing a common consortium implementing a common
e-mobility target.
e-mobility target.
There is an urgent need to establish
appropriate
legal
(local
and
government) regulations that create
favourable conditions for the
development of e-mobility.
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Others

It is important to involve decisionmakers in promoting certain local
solutions but can be used in large
cities in other countries.
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