This document is downloaded from the
VTT’s Research Information Portal
https://cris.vtt.fi

VTT Technical Research Centre of Finland

Setting Up and Operating Electric City Buses in Harsh Winter Conditions
Vehviläinen, Maarit; Lavikka, Rita; Rantala, Seppo; Paakkinen, Marko; Laurila, Janne; Vainio,
Terttu
Published in:
Applied Sciences
DOI:
10.3390/app12062762
Published: 01/03/2022

Document Version
Publisher's final version
License
CC BY
Link to publication

Please cite the original version:
Vehviläinen, M., Lavikka, R., Rantala, S., Paakkinen, M., Laurila, J., & Vainio, T. (2022). Setting Up and
Operating Electric City Buses in Harsh Winter Conditions. Applied Sciences, 12(6), [2762].
https://doi.org/10.3390/app12062762

VTT

http://www.vtt.fi
P.O. box 1000FI-02044 VTT
Finland

By using VTT’s Research Information Portal you are bound by the
following Terms & Conditions.
I have read and I understand the following statement:
This document is protected by copyright and other intellectual
property rights, and duplication or sale of all or part of any of this
document is not permitted, except duplication for research use or
educational purposes in electronic or print form. You must obtain
permission for any other use. Electronic or print copies may not be
offered for sale.

Download date: 09. Jan. 2023

applied
sciences
Article

Setting Up and Operating Electric City Buses in Harsh
Winter Conditions
Maarit Vehviläinen 1 , Rita Lavikka 2, * , Seppo Rantala 3 , Marko Paakkinen 3 , Janne Laurila 1 and Terttu Vainio 3
1

2
3

*



Citation: Vehviläinen, M.; Lavikka,
R.; Rantala, S.; Paakkinen, M.;

Climate and Environmental Policy Unit of the City of Tampere, 33101 Tampere, Finland;
maarit.vehvilainen@tampere.fi (M.V.); janne.laurila@tampere.fi (J.L.)
VTT Technical Research Centre of Finland, 02150 Espoo, Finland
VTT Technical Research Centre of Finland, 33101 Tampere, Finland; seppo.rantala@vtt.fi (S.R.);
marko.paakkinen@vtt.fi (M.P.); terttu.vainio@vtt.fi (T.V.)
Correspondence: rita.lavikka@vtt.fi; Tel.: +358-50-384-1662

Abstract: The city of Tampere in Finland aims to be carbon-neutral in 2030 and wanted to find out how
the electrification of public transport would help achieve the climate goal. Research has covered topics
related to electric buses, ranging from battery technologies to lifecycle assessment and cost analysis.
However, less is known about electric city buses’ performance in cold climatic zones. This study
collected and analysed weather and electric city bus data to understand the effects of temperature
and weather conditions on the electric buses’ efficiency. Data were collected from four battery-electric
buses and one hybrid bus as a reference. The buses were fast-charged at the market and slow-charged
at the depot. The test route ran downtown. The study finds that the average energy consumption of
the buses during winter was 40–45% higher than in summer (kWh/km). The effect of cabin cooling is
minor compared to the cabin heating energy needs. The study also finds that infrastructure needs to
have enough safety margins in case of faults and additional energy consumption in harsh weather
conditions. In addition, appropriate training for operators, maintenance and other personnel is
needed to avoid disturbances caused by charging and excessive energy consumption by driving style.
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1. Introduction
Several cities across the world have sustainable mobility plans to reduce carbon
dioxide (CO2 ) emissions, pollution and traffic jams [1–3]. For example, the city of Tampere
in Finland aims to be carbon-neutral in 2030 and wants to find out how the electrification
of public transport would help achieve the climate goal. Public transportation, especially
in the form of green solutions, such as electrification, walking, and cycling, can have
an enormous effect on reducing CO2 emissions [4]. The European Commission’s 2016
strategy towards low emission mobility includes zero-emission vehicles, such as fully
electric cars [5]. Research shows that electric buses produce up to 75% fewer emissions
than conventional diesel buses [6]. However, fewer emissions are determined by the grid
emissions of the used electricity [7]. Electric buses can also decrease the city transport
noise [2,8]. Some studies have also mentioned that electric buses are more comfortable than
buses with combustion engines [9].
Electric city buses are still a fairly new phenomenon in city transport. Less research
has been conducted on testing electric city buses in various climatic zones. For example, in
Finland, the temperature can vary from +35 ◦ C to −35 ◦ C [8]. It is of utmost importance
for city traffic planners to understand how electric buses perform in different ambient
temperatures [10]. This understanding forms the basis for making other crucial decisions
related to electric city buses, such as investment costs, the number of buses, charging
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stations and routes [11,12]. It needs to be noted that the electric buses’ procurement cost is
still higher than buses with conventional combustion engines [13].
A research gap exists as less is known about the effects of ambient temperature change
on the efficiency (vehicle fuel economy) and range of the city buses in cold climatic zones.
In addition, less is known how to operate city buses in hard winter conditions. Therefore,
this study aims to understand how to operate battery-electric buses in a city located at
latitude 61.3 North, where temperature varies between +32 ◦ C and −32 ◦ C, and buses need
to operate on snowy and icy street conditions. In addition, the study aims to understand
how electric buses perform in such conditions.
This study collected and analysed weather and electric city bus data to understand the
effects of ambient temperature, driving conditions and weather on the efficiency (vehicle
energy economy) and range of the city buses in the city of Tampere, Finland.
2. Theoretical Background
2.1. Challenges and Opportunities for Wider Dissemination of Electric City Buses
Previous technology-driven research has covered various crucial aspects of electric
buses, such as the performance of battery technologies [14,15], energy-efficient heating,
ventilation, air-conditioning (HVAC) systems [16,17] and optimised charging infrastructure
settings [18–23]. For example, Cho et al. [14] studied the time-dependent low-temperature
power performance of a lithium-ion battery. Their study shows that the interfacial chargetransfer resistance of the anode (graphite) and the cathode (lithium cobalt dioxide) greatly
impact the low-temperature power decline. Other non-technical studies have focused
on incentives, such as contracting and financing mechanisms, to increase the adoption
of electric buses in cities [2,13,24]. For example, Li, Castellanos, et al. [13] found three
contracting and financing mechanisms to accelerate electric bus adoption: (1) public and
private grants, (2) less costly sources of financing and (3) innovative ways of structuring
contractual implementation.
Several studies have also examined the lifecycle assessment (LCA) of the energy and
carbon dioxide emissions and calculated lifecycle costs (LCC) of city buses [6,7,12,25–27]. For
example, Meishner and Sauer [12] conducted an economic comparison of four different battery
charging methods based on the total cost of ownership (TCO), including all investment and
operating costs in the bus service. They found that electric buses are economically competitive
under favourable conditions. Topić et al. [28] developed a simulation tool to calculate the
optimal type and number of buses and charges and predict the TCO of city bus fleets. On the
other hand, Bi et al. [26] created an integrated LCA and LCC model to compare the lifecycle
performance of plug-in charging versus wireless charging of an electric bus system. It turned
out that the wireless charging bus system had the lowest LCC per bus kilometre and had the
potential to reduce use-phase carbon emissions due to the light-weighting benefits of onboard
battery downsizing compared to plug-in charging [26].
Based on the previous studies, the wider dissemination of battery electric vehicles
(BEVs) in cities requires two decisions by authorities. The first is that the city decision
makers identify the right contracting and financing mechanisms for replacing conventional
buses with BEVs. The second decision is selecting the optimal infrastructure setting for
electric city buses. For example, some buses can run almost the whole day with a big
enough battery. In contrast, other buses are slow or fast charged in specific charging
stations, overnight or in dedicated bus stops. Some researchers have created models
for determining the optimal number and location of required charging stations for a bus
network and the adequate battery capacity for each bus line [10,18,29,30]. Some studies also
report efforts to quickly change the battery in a battery-changing station [20]. In addition,
wireless charging technology for electric buses might be an option in the future [26].
2.2. The Effect of Ambient Temperature on Electric City Buses’ Electric Consumption
It is already widely communicated that the range of electric vehicles varies with
temperature [31]. Research results also confirm this observation. For example, previous

Appl. Sci. 2022, 12, 2762

3 of 19

studies have shown that the range of electric buses decreases a lot as the temperature
drops below zero degrees [32]. This happens because the functioning of the lithium-ion
battery varies with temperature [14]. In 2015, Graurs et al. [33] studied public electric bus
energy consumption during the coldest months in Latvia (Jan-Mar) and found that the bus
consumed 2.86 kWh per kilometre. In 2015, a study estimated that an electric bus with
a light aluminium chassis (9000 kg curb weight) consumed on average 1 kWh/km [34].
Electric Commercial Vehicles project (2012–2016) reports that the voltage drop caused by
the internal impedance and the applied current at cold temperatures is the reason for
reduced battery capacity [8]. In addition, Henning et al. [32] report that temperature drops
from around 10.0 ◦ C to around 0 ◦ C caused battery-electric buses to lose around 32.1% of
their battery capacity. Another study found that ambient temperature impacted energy
consumption a lot in the case of a DC/DC-converter, heat pump and drive motor [35].
However, power steering and an air compressor did not have an insignificant impact.
Ambient temperature and several other factors influence the range of electric buses,
such as topography, the road pave (sand, concrete), and the road’s surface conditions
(wetness, snowfall, sleet, ice). Bartłomiejczyk and Kołacz [36] studied the relationship
between ambient temperature and demand for heating power. They found that traffic
congestion can result in a 60% overall increase in energy consumption. They also found
that auxiliaries may consume 70% of the electric bus’s energy during winter, whereas they
generally consume almost 50% of total energy use [36]. In addition, the driving style affects
the use of energy. For example, fast accelerations consume lots of energy [20]. Preheating
the battery and indoor air before starting the bus, on the other hand, saves energy [16].
However, heating the bus cabin during the drive also reduces the range. Research shows
that heating and cooling can consume 35% of all energy in electric cars [37]. While the
energy consumption of an electric bus increases, the battery’s state of charge and the travel
range are reduced [38]. Therefore, researchers have proposed a fuzzy braking strategy of
which electricity consumption was shown in a simulation platform to decrease by 9.8%
compared to the normal braking energy management control strategy [39]. Then again,
using a novel sorption air conditioner was shown to save cruising electric vehicles’ mileage
by 100 km [40].
The bus body and insulation materials also impact how efficiently a bus passenger
cabin is kept warm or cool, which again affects the energy usage of the bus [32]. For
example, Chiriac et al. [41] estimated that the average energy demand due to ambient heat
loss of bus structure and opening the doors at the stops was 12–14 kWh. The bus was
12-m long, had 100 passengers and three doors, 150 kW electric traction motor and 33 kW
installed power for the heating system [41].
3. Case Study
This paper adopts a case study methodology to describe the procurement and operational models used for setting up the needed technical infrastructure for electric city buses
and operating those buses in a cold climatic zone to understand the effect of this climate on
the energy use of buses. A single case study approach [42] was adopted because it well
suits the study of a topic that is not yet well explored.
The city of Tampere in Finland aims to be carbon-neutral in 2030. Currently, the
traffic is accountable for about a quarter of the city’s carbon dioxide emissions. In 2019, an
amendment to the Clean Vehicles Directive came into force. The amendment obliges the
public sector to procure zero-emission vehicles. The city of Tampere is one of the lighthouse
cities of the EU-funded STARDUST project where new solutions for reducing emissions
are piloted. In Tampere, the focus is on reducing emissions from public transport and
supporting light transport. Furthermore, the 2017 climate strategy of the Finnish Government necessitates a 50% reduction, compared to the year 2005, in transport greenhouse
gas (GHG) emissions by 2030 [43]. Thus, the cities in Finland are encouraged to electrify
public transportation.
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Nysse is the Tampere regional public transport organisation in Finland. It had around
41,300,000 passengers in 2019. In 2020, the number of passengers was lower due to COVID19, which made people remote work. Nysse serves an area that includes eight municipalities
where approximately 390,000 inhabitants live. About 60% of bus services are outsourced to
three major private operators, and in-house operator drives around 40% of bus services.
Nysse has 280 buses in operation.
The climate in Tampere is cold and temperate can vary between +32 ◦ C and −32 ◦ C.
The lowest average temperature is −8.2 ◦ C in February, and the average temperature is
16.0 ◦ C in July. The average annual temperature is 3.7 ◦ C.
In Tampere, electric city buses were introduced at the end of 2016. A test system was
created to collect data on electric buses. Initially, a meter was placed in one bus for sensing
energy efficiency. Later on, measuring equipment was installed on three other electric
buses. When problems in setting up the data collection were tackled, the data has been
collected for more than two years, including a couple of winter seasons.
Since 2017, electric buses have been operating in the city of Tampere’s bus route 2,
which starts from Pyynikintori market and ends at Rauhaniemi. The round-trip length is
around 8.8 km. The buses are fast-charged at the market and slow-charged at the depot.
The buses spend the night inside a warm depot; thus, the buses’ interiors are warm when
they leave.
Data were collected from four battery-electric buses and one hybrid bus as a reference.
The electric buses were model Solaris Urbino 12 low entry, with an autonomy of approximately 60 km. The electric buses used lithium-titanate (LTO) batteries of 3 × 25 kWh that
last at least 10 years and demand 0.5 h for a total fast charge. The maximum speed of the
buses is over 70 km/h, and the average consumption is 100–150 kWh each 100 km (without
heating). Buses have 32 fixed seats, four-fold seats, and 46 standing spaces. The dimensions
of the buses are the following:

•
•
•
•
•
•
•

Wheelbase: 5900 mm
Length: 12,000 mm
Width: 2550 mm
Height: 3300–3480 mm
Curb weight: 14 t
Max torque: 973 Nm
Max power: 250 kW

Data was collected with WRM-247 of Wapice Ltd. for three years, between January
2017 and August 2021. The following data was collected by the meter in real-time: latitude,
longitude, speed, energy consumption, charging time, temperature, battery’s state of charge,
battery power and distance travelled. The typical sampling frequency was 1 Hz.
WRM-247 devices allow remote management, measurement and control. They were
purchased and installed by the STARDUST lighthouse project. One of the e-buses already
used this device, so the other three e-buses and the hybrid bus were equipped with the
same devices to achieve comparable data. The buses’ mobile networks (3G/4G) were used
as the connectivity layers towards the server that collects the data. The aim was to also
have the same equipment on the charging platform to acquire more accurate information
about the charging of the buses.
The data from the WRM-247 devices was sent to an IoT-Ticket instance, which is an
IoT platform product by Wapice. City’s Azure logic app checks the IoT-Ticket REST API for
new data once every two hours and transfers all the new data to City’s Azure blob storage.
From there, the data is aggregated and stored in Azure SQL database. Data analysis from
the stored data is carried out and presented in a dashboard using Microsoft Power BI.
Datasets are shared via a REST API. Figure 1 illustrates the architecture of the e-bus data in
the city’s Azure.
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With these calculations, line 2 was identified to be well suited for electric buses. The
line is relatively slow and contains a lot of traffic lights. Electric buses are very suitable
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the regeneration rate can significantly affect the energy efficiency. Several studies have
been made where the driving range of different structure selection have been analysed by
making simulation or analysing measured data [10,45,46]. This investigation focuses on the
effect of environmental factors since the monitored buses are completely similar. In cold
climatic zones, the temperature changes the most energy consumption. Still, the 11
number
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Table 1 shows energy consumption (kWh/km) for different cases for 2019 and 2020–
2021 separately due to the change in the heating mentioned above. The data is the same
as in Figure 9 except that the cumulative passenger entry and exit time shall be at least
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Two outlier groups are interesting: (1) Although there is considerable frost, there is
small consumption, and (2) high consumption near zero degrees. A common feature of
the first case is the short duration when doors are open, meaning few passengers and little
heat escaping from the doors. There might be several reasons for the second group: snow,
slush or slippery road. In any case, they have the doors open for a long time, indicating a
lot of passengers.
Table 1 shows energy consumption (kWh/km) for different cases for 2019 and 2020–
2021 separately due to the change in the heating mentioned above. The data is the same
as in Figure 9 except that the cumulative passenger entry and exit time shall be at least
one minute. There are some high values for 2019 since the winter was rather cold and
snowy. The highest six values occurred when the temperature was between −1 and 5 ◦ C.
This reflects the fact that snowy weather, particularly snowmelt, increases consumption
significantly. Winter 2020 was warm and had hardly any snow, but 2021 had cold and snowy
winter. The median energy consumption was 0.8 kWh/km greater when the temperature
was below zero than over zero. Again, there were some high consumptions near zero
degrees, which can be observed from the figure. The median difference between driving the
route when the snow was melting and without melting was 0.2 kWh/km. The distribution
of melting cases was twofold: either it had little effect, or the consumption increased
greatly. Understandably, a small melt has little effect, but if the vehicle is driven in slush
ice, consumption increase considerably.
Table 1. Energy consumption (kWh/km) for specific conditions.
2019

2020–2021

Samples

Median

Mean

Max.

Samples

Median

Mean

Max.

Doors open 1–3 min

3354

1.1

1.2

3.1

7592

1.2

1.3

3.0

Doors open > 3 min

2839

1.2

1.3

3.5

1536

1.4

1.5

3.2

Temperature ≥ 0

◦C

4638

1.1

1.3

3.5

7282

1.1

1.2

3.0

Temperature < 0

◦C

1555

1.2

1.4

3.5

1846

1.9

1.9

3.2

Snowing > 0 cm/h

551

1.2

1.4

3.0

539

1.8

1.8

3.0

Snowing > 1 cm/h

239

1.2

1.4

2.8

229

1.9

1.9

2.9

Snow melt or sublimation

1220

1.2

1.3

3.5

1260

1.7

1.7

3.1

Temperature −1–10
without snow melt

1602

1.2

1.4

3.4

2158

1.4

1.5

3.0

Temperature −1–10 ◦ C
and snow melt

877

1.2

1.3

3.5

977

1.6

1.6

3.1

◦C

The results show that the weather and climate affect the operation of buses and the
entire electric bus system. Four electric buses travelled approximately 500,000 kilometres
(2019–2021) using an average of 1.43 kWh/km electricity. However, this number also
includes the energy use by cooling systems during summer and heating during winter, as
they could not be separated in the monitoring setup. The average energy consumption
during thermal winter was 2.1 kWh/km and 1.2 kWh/km during thermal summer. Thermal
winter starts when the average temperature is below 0 degrees Celsius at least five days in
a row. Thermal summer starts when the temperature is over +10 degrees Celsius at least
five days in a row. In Tampere, the thermal winter was 7 December 2020–22 March 2021,
and thermal summer was 10 May 2021–14 September 2021.
4.3. Experiences in Operating and Charging Electric Buses
The electric motor does not generate waste heat the same way as a diesel motor, and
separate heating must be provided. When electric buses started to operate in Tampere,
the heating system worked with diesel fuel. The heating system was changed in winter
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2019 to an electricity-based system where the water circulation system is electrically heated.
In the beginning, a bus driver could select if the electric heating is used instead of a fuel
heater. It was noticed that drivers tended to select the fuel heater, as they wanted to avoid
charging as it was difficult. Therefore, the operation was changed so that the electric
heating is the default, and the fuel heater activates if the outside temperature decreases
under −15 degrees Celsius. The effect can be seen when comparing the winter energy
consumption between 2020 and 2021.
The study finds that the effect of cooling is minor compared to the effect of heating
energy needs. The data includes two different periods in which the buses were using
different control strategies for indoor heating. The second winter period shows the increase
in electrical energy consumption when using a full electric indoor heating instead of
using an auxiliary fuel heater for heating when a heat pump cannot produce enough
heating power. When considering local emissions and total greenhouse gas emissions
of an electric bus system, one option to minimise the emissions is to go for full electric
heating. Still, the penalty in cold climates is the increased battery energy consumption at
very low temperatures, which needs to be taken into account in the electric bus charging
design—either the battery capacities need to be increased to be able to handle the additional
consumption, or opportunity charging needs to be arranged to be able to charge the buses
more often.
A more detailed analysis of energy consumption would have required data that was
not accessible because there was no mention of ownership or access to the data in the
model leasing agreement. This must be considered in future agreements in other areas than
e-mobility.
Another area that could use detailed data is the passenger number and its effect on
energy consumption. Currently, only passengers boarding the bus can be entered into the
information system. Therefore, the exact number of passengers is not known. The city of
Tampere has carried out pilots to monitor the number of passengers to monitor, improve
and optimise the occupancy rate, but this is still a clear area for development and research;
how many passengers there are and how their number affects energy consumption. The
graphs (Figures 10 and 11) show the number of passengers per hour made by one bus.
Winter weather is not attractive for cycling or walking. Passenger number is smaller during
summertime compared to winter. The bus runs a round trip from the departure stop to the
charging station (one end) and back during the hour. It can be estimated that the passenger
number in the bus simultaneously during peak hours is ~50.
The energy consumption of electric buses as a whole has been lower than expected, but
the differences per driver have been surprisingly large. For the project, it was impossible to
monitor driver-specific energy consumption more accurately since it would have required
an act on co-operation [47].
The study also reveals that when setting up and operating charging systems with
automated charging devices (pantographs), the effects of the weather must be considered
when selecting and preparing the location of the charging point. The buses were charged
with a bus-mounted pantograph, where an automated charging connector rises from the
bus roof to connect with a receptacle mounted on a charging mast or pole (Figure 12). This
connection has some tolerances for misalignment, but snow build-up on the driving tracks
during winter has shown in practice that these tolerances are not enough to maintain a
reliable connection in all weather conditions without additional measures.
Positioning the bus under the charging system pantograph was a difficult task in
the beginning since the bus needed to be in an exact correct spot to initiate the charging.
Therefore, paint markers on the curb were used. The bus’s front door was aligned with
the markers when the bus was in a correct position (Figure 13). Another challenge was the
alignment of the bus lateral distance from the kerb.
A defrost system was built at the Pyynikki charging point to prevent a hard snow
ridge from building on the charging point driving tracks. The defrosting system caused
decreasing soil bearing capacity, and buses driving to the same spot for charging caused a
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energy consumption. Currently, only passengers boarding the bus can be entered into the
information system. Therefore, the exact number of passengers is not known. The city of
Tampere has carried out pilots to monitor the number of passengers to monitor, improve
and optimise the occupancy rate, but this is still a clear area for development and research;
how many passengers there are and how their number affects energy consumption.
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The energy consumption of electric buses as a whole has been lower than expected,
but the differences per driver have been surprisingly large. For the project, it was
impossible to monitor driver-specific energy consumption more accurately since it would
have required an act on co-operation [47].
The study also reveals that when setting up and operating charging systems with
automated charging devices (pantographs), the effects of the weather must be considered
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automated charging devices (pantographs), the effects of the weather must be considered
when selecting and preparing the location of the charging point. The buses were charged
with a bus-mounted pantograph, where an automated charging connector rises from the
bus roof to connect with a receptacle mounted on a charging mast or pole (Figure 12). This
connection has some tolerances for misalignment, but snow build-up on the driving tracks
15 of 19
during winter has shown in practice that these tolerances are not enough to maintain a
reliable connection in all weather conditions without additional measures.
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concrete foundation was built, and the area was paved again with new asphalt. There
have been no problems with durability since the latest repair.
In addition to the equipment that affects the operation of the electric bus system,
people and the operation of electric buses also notice the great importance of the way
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Operating electric buses is generally different from operating diesel or hybrid buses.
There was some training included in the contract with Solaris, but common thought
amongst drivers has been that there should have been more operator training. The charging
was perceived to be difficult for drivers, and the driving style affected the electricity
consumption greatly. Driver assistance tools could be one solution to help drivers better
operate electric buses [48].
5. Conclusions
The data shows the increased energy consumption of electric buses in cold climatic
conditions. During thermal winter, the average energy consumption was 2.1 kWh/km and
1.2 kWh/km during thermal summer. Thermal winter starts when the average temperature
is below 0 degrees Celsius at least five days in a row. Thermal summer starts when the
temperature is over +10 degrees Celsius at least five days in a row. When comparing the bestcase energy consumption in summer, with energy consumption of roughly 1.1 kWh/km
with the hot summer weeks of around 1.35 kWh/km and cold winter weeks with the
highest energy consumption of almost 2.5 kWh/km, one can see that the effect of cooling is
minor compared to the effect of heating energy needs.
When using a fuel heater, the energy consumption from the battery can be reduced,
with the best results being roughly 1.35 kWh/km. This was also indicated by the operators’
behaviour when they could prioritise the diesel heater to avoid charging. However, using
a fuel heater comes with the cost of local emissions, even though the fuel would be from
sustainable sources. When using electric heating, local emissions can be minimised. Even
with diesel heating during colder months, the greatly increased energy consumption from
the traction battery needs to be taken into account in the charging design—either the
battery capacities need to be increased to be able to handle the additional consumption,
or opportunity charging needs to be arranged to be able to charge the buses more often.
Driving in the heavy slush ice, in particular, increases consumption considerably.
The comments from the interviews highlight the systemic nature of the electrification
of transport. The design of an electric bus system, especially in cold climate conditions,
needs to address appropriate energy transfer to the buses, without affecting the operation,
in all conditions. The system needs to have enough safety margins in case of faults and
for additional energy consumption in harsh weather conditions. Charging equipment and
locations need to withstand the continuous loading of soil on same positions and maintain
the potentially needed opportunity charging systems within their operating tolerances.
Finally, appropriate training for operators, maintenance, and all relevant personnel can help
avoid disturbances caused by charging and excessive energy consumption by driving style.
The motivation for this test was to determine whether the electrification of public
transport helps achieve the carbon neutrality goal of Tampere. This goal was met, but the
test raised several technical issues, such as the energy consumption of different devices
and the impact of driving styles. The depth of analysis was limited because the test project
was not granted access to the leasing bus internal data collection system. In addition,
some issues during the analysis phase were caused by the synchronisation of time series
data from different sources, which should also be taken care of when setting up a data
collection system.
Promoting alternative propulsion for transport and procuring an electric bus system
are ways to achieve the city’s climate goals. In addition to meeting the emission targets,
there is a desire to try new promising technology in public transport, which will lead to
cost savings in the longer term. The acquisition was also based on the goal of making
the electric bus line an innovation platform for intelligent transport, which can be used
to test and put into practice products and services related to intelligent transport. On the
operational side, the experience was gained, and an overview of operations was obtained
in winter conditions. From the point of view of innovation and information, leasing buses
is not ideal unless the contract ensures that the collected data can be utilised with sufficient
precision for the subscriber. Unfortunately, the agreement did not take a sufficient position
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on data ownership. There was no agreement on data collection, which prevented a more
detailed analysis of energy consumption. With a view to future agreements, data ownership
must be considered, and transparency of operations is important for development and
scientific studies.
Further research could collect more data to conduct a more thorough operational
analysis using the charger and charging process data, including the vehicle alignment to
the charging point. For example, the number of unsuccessful charging attempts could have
pointed out areas of improvement in the charging process or training. The effect of drivers’
driving style on energy consumption is an interesting area for study, but such research
must take into account GDPR and the required anonymisation of data. Tampere collects a
lot of data related to traffic and distributes it as open data [49]. Combining this data with
more accurate data collected from buses creates the basis for new studies and the ability to
find correlations between conditions and different parameters.
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