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Abstract 
Electro-mobility has gained momentum within public transport in an effort to improve its sustainability. 
Sweden is one of the leaders in the field, with several ongoing electric bus demonstration projects and 
many research projects analyzing efficient infrastructure placement.  This thesis aims at taking placement 
analysis a step further, by analyzing at micro-scale two areas that could potentially be used for bus 
charging in central Stockholm, namely Odenplan and Slussen. These are two of the busiest transport hubs 
in the city and offer the possibility to analyze different charging environments. On the one hand, 
Odenplan is an open square where buses stop along their route, while Slussen combines along-the-route 
stops with a bus terminal, which operates as starting/ending point for several routes. 

This thesis is built around two base-cases. In the first case, several routes are electrified according to 
results from Xylia et al.  (2017). The second case analyses the electrification of all routes operating at the 
selected locations. Maps, orthophotos, drawings and technical literature have been used to create solutions 
based on the position of current bus stops. Simultaneously, the timetables of bus routes passing through 
Odenplan and Slussen have been analyzed in order to find an efficient stop allocation to reduce the 
number of simultaneous bus arrivals at each stop. Consequently reducing the frequency of queues at each 
charger. 

The analysis shows that partial and full electrification of bus services at Odenplan and Slussen are 
possible. A maximum of 5 chargers would ensure electrifying all routes operating at Odenplan, while 3 
chargers would be enough in a partial electrification scenario. Neither conductive, nor inductive 
technologies present major problems of installation at this location. The area of Slussen has been divided 
into two separate cases: Södermalmstorg and the new Slussen bus terminal. All routes operating at both 
locations could be electrified with 3 and 15 chargers respectively. Conductive chargers are the only 
possibility for the terminal due to the characteristics of inductive chargers and current schedules. Partial 
electrification could be achieved with 1 and 3 chargers respectively. For the case of the terminal it has 
been assumed that a 7 minute charge will be required prior to each departure and that the chargers will be 
operated by the principle of charger sharing, allowing several routes to use the same charger. Installing 15 
chargers at the terminal in Slussen is a costly solution, therefore its feasibility is doubtful. However, fewer 
chargers may be needed if a blend of fuels is used to operate those routes. For example, biofuels could be 
used for longer distance routes, while electricity is used for shorter ones. 

Several changes would have to be implemented in order to make bus electrification in central Stockholm a 
reality. Connecting the chargers to the grid has been identified as the main issue halting the construction 
of the charging infrastructure. Due to the lack of available substation capacity, new substations and 
expensive long-distance connections to the closest grid connection points are required. Consequently, 
alternatives to reduce the connection cost such as connecting the chargers to closer substations used by 
the subway or commuter trains should be explored for all locations. Operators would have to optimize 
timetables to avoid having simultaneously several buses waiting to charge at the same charger in locations 
like Odenplan or Södermalmstorg. The current body of legislation will also have to be improved to 
regulate electric bus operations and their infrastructure, as these are not properly addressed. For instance, 
nowadays buses must be empty while charging, making along-the-route charging and the possibility of 
using Odenplan and Södermalmstorg for charging unviable. Similarly, agreements between stakeholders 
regarding ownership and cost sharing should be in place, in order to set the ground rules for the 
expansion of electric bus operations in Stockholm. 

An efficient infrastructure placement is key for the expansion of electric buses and to foster it a location 
analysis framework has been created based on the findings arising from the analysis of Odenplan and 
Slussen. This framework will facilitate decision-making during the location assessment stage of 
electrification feasibility studies by providing step-by-step guidance through the spatial and operational 
analysis. This framework could be used for other locations in Stockholm or other cities, provided that the 
necessary adaptations are made in order to address local characteristics. 
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1 Introduction 
This chapter presents the motivation for investigating charging stations for electric buses in Stockholm Inner 
City. The goals set for the thesis, as well as the research questions meant to be answered through this study 
are presented in this chapter. The chapter ends with the outline of this thesis report, briefly presenting the 
organization and the content of each section. 

1.1 Motivation 
Research carried out during the last years have shown that climate change has become an important 
concern for the citizens of many countries (Stokes et al., 2015). For instance, in the European Union 
(EU), climate change has been identified as one of the 3 biggest concerns for its inhabitants, although the 
percentage of concern regarding climate change has decreased since the last Special Eurobarometer on 
climate change (European Comission, 2014). In Sweden, 39% of the population considered climate 
change the single most serious problem faced by the world at the time of the questioning. During the 
United Nations Framework Convention on Climate Change (UNFCCC) COP21 (Conference of Parties) 
meeting held in Paris in November 2015, 195 countries reached to an agreement to limit future 
temperature rise below 2 °C. For this ambitious target to be met, greenhouse gas (GHG) emissions will 
need to be reduced significantly at a global scale (Intergovernmental Panel on Climate Change - IPCC, 
2015).  

Nowadays, the transport sector is not only one of the main contributors to global GHG emissions, but 
also to global energy consumption (International Energy Agency, 2016). Transport was the second most 
emitting sector during 2014 being responsible for 23% of world CO2 emissions and being only surpassed 
by the electricity and heat generation sector. Among all the transport sectors, road transport is the main 
contributor, accounting for 75% of the total GHG emissions for the transport sector. Extensive use of 
fossil fuels in the transport sector is recognized as the main reason behind those previously mentioned 
high energy and GHG emissions levels (Intergovernmental Panel on Climate Change - IPCC, 2015).  

As a consequence of the aforementioned increasing climate change related awareness and international 
agreements, governments all over the world have strengthen their energy and climate related policies in an 
effort to reduce their environmental footprint. Following this trend, the Swedish Government has set the 
goal of becoming the first carbon-neutral welfare state in the world by 2050 (Regeringskansliet, 2015), 
(Swedish Environmental Protection Agency, 2015). Despite Swedish efforts to improve the country´s 
climate footprint, statistics show that by 2015 Swedish GHG emissions had been reduced 25% compared 
to 1990 levels, but still far from the 40% reduction expected until 2020 for example (Naturvårdsverket, 
2017). The transport sector alone is responsible for one third of the total GHG emissions in the country 
(Swedish Environmental Protection Agency, 2016), (Swedish Energy Agency, 2015). Road transport is the 
main contributor, being responsible for over 30% of the total GHG emission in the country (Swedish 
Environmental Protection Agency, 2016).  

Public transport is one of road transport’s sub-sectors that have faced a big transformation in recent years. 
Renewable fuels, such as biogas or biodiesel, are already widely used in the Swedish public bus system. For 
example, 60% of the total vehicle-kilometers driven during 2014 by Swedish public buses where done on 
renewable fuels. This figure increases up to 80% of the total in the case of Stockholm County. The 
mentioned renewable fuel usage levels are a consequence of previously adopted strategies aiming at 
improving the sustainability of the public transport system (Regeringskansliet, 2013; Xylia and Silveira, 
2015).  

Using electricity to fuel buses has always been an option for the public transport sector. In the past, 
trolleybuses where an important part of many public transport systems around Europe. Although this 
technology has been gradually replaced by regular buses, trolleybuses can still be found in many European 
cities such as the Swedish city of Landskrona (SlideIn, 2017; Trolley Project, 2017),  

The Swedish Government has already published several documents highlighting the importance of electric 
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transportation in order to achieve a fossil fuel-free vehicle fleet; being a good example the official report 
SOU 2013:84 “Fossilfrihet på väg”(Regeringskansliet, 2013). The Swedish public transport administrations 
believe that the next step in the transformation of the public bus system will be the extensive usage of 
electric buses (Regeringskansliet, 2013; Xylia and Silveira, 2016). Following this interest, several 
demonstration projects have been carried out in different Swedish cities to demonstrate the viability of 
electric bus technologies. Different electric bus types and technologies are already being tested in cities like 
Stockholm (Route 73 between Ropsten and Karolinska Institute) (Bussmagasinet, 2015; Zero Emission 
Urban Bus System (ZeEUS), 2015), Gothenburg (route 55 between Lindholmen and Johanneberg) 
(Electricity, 2016), Södertälje (first wireless charging trial in Scandinavia at route 755 between Astrabacken 
and Södertälje syd) (Scania Group, 2017; Vattenfall, 2016) and Umeå (routes 6, 9 and airport route) (Umeå 
Kommun, 2014) among others (Aldenius et al., 2016; Zero Emission Urban Bus System (ZeEUS), 2016).  

The main drawback halting the expansion of electric bus services in Sweden is the lack of dedicated 
infrastructure (charging stations), as well as high infrastructure and bus acquisition costs (Jonsson - WSP 
Sverige, 2014; Xylia and Silveira, 2015, 2016). Building the infrastructure at the right places is key to lower 
future costs of electric bus operations and to efficiently operate public bus systems. A systems view is 
needed to identify the most promising locations and select the charging strategy it will be used. Choosing 
which technologies will be used also requires a systems view, as all the charging stations serving a route 
should have the same technology. Accordingly, all routes using a charger should be prepared for that type 
of technology.  

Similarly, each specific location requires a detailed analysis, in order to identify and solve all the issues that 
may arise. For example, space and grid-capacity availability are some of the biggest issues when installing 
charging stations in urban environments. But these are not the only ones, as constructions works in public 
spaces require a significant amount of permits and need to follow strict legislations in order to maintain 
security levels and lessen the impact to the surroundings (traffic, pedestrians, environment, etc.). 
Economic parameters should also be considered in these studies, as cost efficient solutions may be easier 
to carry out. Providing the industry with a common framework for such studies (which addresses all these 
factors in a logical and efficient way) will provide stakeholders with the possibility to simplify procedures, 
reduce costs and open new business opportunities arising from the possibility to replicate the procedures 
in different contexts. Similarly, such framework can also help accelerate the expansion of electric buses. 

The main goal of this thesis is to provide relevant stakeholders of the public transport sector such as 
Stockholm’s Public Transport Authority (Storstockholm Lokaltrafik – SL), the City of Stockholm or 
Stockholm County, and energy related stakeholders such as Vattenfall or Ellevio with a feasibility study 
for the installation of several charging stations for electric buses in selected locations in Stockholm Inner 
City, while creating a standardized framework for the analysis of potential locations. . Feasibility studies 
are used to analyze how successfully projects can be carried out, taking into consideration different factors 
affecting projects. For instance, legal, technical, environmental, social or economic aspects could be 
address in a feasibility study. This thesis aims at contributing in the evolution of public transport services 
in Stockholm County towards a more sustainable future. This thesis is based and connected to previous 
research conducted by Xylia et al. in which the bus system operated by SL has been analyzed in order to 
identify suitable locations for charging stations throughout Stockholm County (Xylia et al., 2017). 

Two locations in Stockholm´s Inner City will be analyzed in this thesis according to the findings from the 
previously mentioned analysis of the SL bus network. These locations are Odenplan and 
Slussen/Södermalmstorg. Both areas are key connection points for the city´s public transport system and 
provide access to different means of transport. Additional services are also projected for the future in 
these stations: the new commuter train station below Odenplan and the new Slussen bus terminal inside 
Katarinaberget hill (Stockholms läns landsting, 2017a, 2017b). The main driving force behind this 
selection is the aim to analyze two different types of stops: stops located along-the-route and a terminal 
with platforms. Other aspects such as the number of users at each location, their particularities and the 
future use of each location have also been taken into consideration for the selection. 
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1.2 Thesis objective and research questions 
As mentioned previously, this master’s thesis aims at contributing on the future evolution of the Swedish 
public bus system by providing decision makers with a framework for the analysis of potential locations 
for electric bus charging stations. This study addresses the following questions:  

1. Which aspects should be considered in a framework used to provide a reliable and efficient analysis 
of locations for electric buses-charging stations? 

2. Which is the optimal solution for the installation of charging stations for electric buses in Odenplan 
and Slussen? 
 

a. Which is the most cost efficient solution to build chargers at selected locations considering 
each location´s characteristics, available technologies and the effect on everyday 
operations? 
 

b. What has to be changed in the current body of legislation in order to enable large-scale 
electrification of the bus system? 

Aiming at testing the proposed framework, a solution to build charging stations in Odenplan and Slussen 
will be provided through a feasibility study. This study will also be used to test the framework at real 
environments. This thesis also aims at finding solutions to improve the current body of legislation 
regarding electric buses based on the information gathered during the study, on information or feedback 
obtained by interviewing stakeholders and experts and from the literature review. 

1.3 Literature review 
Many cities throughout the world have been analyzed in order to assess the possibility of introducing 
electric buses into their public transport system and therefore several case studies are publicly available. 
The company Marcon presented a feasibility study for the introduction of electric buses in the Canadian 
city of Edmonton based on trials done between January and February 2016 (Marcon, 2016). This study 
bases its selection of locations for the chargers on the duty to be realized by the buses for the selected 
routes and the power available at those locations. The capacity required for installing charging stations is 
presented based on the available capacity at each selected location. In this trials a mixed charging strategies 
was selected, opting for depot and opportunity charging. 

Introduction of electric buses has also been studied for the German city of Munster (Rogge et al., 2015). 
The charging strategy proposed in this study only considers end-stop charging for all 44 routes in the city, 
based on the fact that end-stops provide the longest dwell times and are usually located outside the city 
center. A three-step simulation is used in this study to obtain the necessary battery capacity for each route 
based on energy consumption values. In a similar study focusing on public bus services in the Swedish city 
of Lund, an end-stop charging strategy was also selected (Lindgren, 2015). A simulator written in Python 
programming language was used to simulate bus operations in this study. Three scenarios based on 
different charging strategies and technologies are used in the study: two scenarios using conductive 
chargers and one scenario using inductive charging. An operation day is simulated to optimize the 
charging infrastructure based on real data. This is one of the few studies considering electrified road as an 
alternative to electrify public bus services. 

As it can be seen from these two examples, end-stop charging strategies are usually selected when 
analyzing public bus electrification in small or mid-size cities. But this type of strategy does not suit big 
cities like Stockholm, where a large amount of route have to be electrified using the lower number of 
chargers to ensure cost-efficiency. 

Cities the size of Stockholm, or with similar characteristics have also been studied, this is the case of the 
German capital, Berlin. In a 2016 study (Kunith et al., 2016, 2017), a mixed-integer linear cost-
optimization model is used to identify optimal locations for chargers and the required battery capacity for 
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17 bus routes in the city. The energy consumption is analyzed for each route and different scenarios with 
varying operation conditions and charging powers are presented. A mixed charging strategy is used in this 
case, as both end-stops and along-the-route stops are used for electric bus charging.  

Several different studies have analyzed the possibility of electrifying public bus services in Stockholm. As 
mentioned earlier, one of the most relevant ones is the study carried out by researchers at Royal Institute 
of Technology of Sweden (KTH), where electrification opportunities for the whole public bus system in 
Stockholm County have been analyzed (Xylia et al., 2017). This study addresses the problematic of placing 
charging stations in big cities as in the case of Stockholm. Geospatial analysis using the Geographical 
Information System software ArcGIS is made, using input data managed with Python programming 
language, and performing cost and energy optimization using the General Algebraic Modeling System 
(GAMS). As a consequence of the analysis 14 transport hubs in the city combined with end-stations are 
selected to install chargers for electric buses. Not all analyzed bus routes are electrified by the model, as 
several routes are still driven by bio-fueled buses. Similarly, not all the electrified routes in all scenarios use 
the same charging technology. In the case of the energy optimization scenario, both conductive and 
inductive technologies are selected. While in the cost optimization scenario conductive charging 
technology is the only option used. In another study carried out at KTH, an economic analysis of building 
charging infrastructure for blue and red buses in the inner city is presented (Karlsson, 2016). The main 
focus of this study is the cost of connecting the chargers to the grid and the capacity required for the grid 
to handle the new chargers securely. As a consequence, new substations are built to cope with the extra 
capacity required in some locations where chargers are built. Three different scenarios are used in the 
study to present different cost-alternatives depending on the chosen charging strategy: a first scenario 
where only depot charging is considered, a second one where a combination of depot charging and end-
stop charging is used and finally a third one where opportunity along-the-route charging is combined with 
depot and end-stop charging. This study claims that the cost of each of the presented scenarios could be 
reduced by thoroughly analyzing each charging location and the possibilities available for each of them. 

The city of Stockholm itself has already assessed the possibility of electrification of its public bus services 
to a bigger scale than the sole electric route nowadays in operation (Stockholms läns landsting, 2016). In 
this document, several aspects of the electrification of public transport in the city are addressed, such as 
different technologies and their suitability, ownership issues, specific location of the charging 
infrastructure in different locations and make some recommendations regarding the possibility of 
electrifying bus services in the inner city by the time the new procurement for that area starts in 2026. 

The reviewed sources show that thorough analysis of charging stations is not usually part of electrification 
case studies. In the best cases, locations are analyzed in terms of available capacity and dwell times but no 
mention is made to the available space for installing chargers for instance. Therefore specific analysis of 
selected locations should be also addressed in future work to complement current research. 

1.4 Outline of the thesis 
This thesis has been divided into seven different chapters. 
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Figure 1: Design of the thesis report 

An introduction to the topic of the thesis is provided in Chapter 1. The motivations behind this thesis, as 
well as the goals of the study and research questions addressed are presented in this chapter. 

The second chapter provides a closer look to the current state of electric bus technologies (charging 
strategies and charging technologies), the public bus system in Stockholm and the selected locations. 

The methodology used in this master’s thesis is presented in Chapter 3. The steps followed to analyze the 
selected locations from a spatial point of view are presented, followed by an overview of the operational 
analysis. The last section of this chapter covers the methods used for the economic analysis. 

The fourth chapter is used to present the results of the feasibility study. First of all, the different scenarios 
for each of the locations are explained, together with the assumptions common to all of them. Different 
alternatives are also presented based on the quantity of chargers, capacity installed at each location and the 
particularities of each area. The breakdown of the cost to carry out the proposed solutions will be also 
provided in this chapter. The chapter concludes presenting the economic benefits of connecting the 
chargers to alternative connection points. 

Chapter 5 discusses the various permits required for such projects together with the major drawbacks for 
the electrification of public bus services in the city of Stockholm. This last section is based on the 
information gathered during the analysis phase.  

The sixth chapter presents the framework for the analysis of locations. This framework has been created 
based in the experience gained through the analysis of the selected locations and all the information 
gathered in the previous stages of the thesis. The framework is presented in the form of a table, in order 
to show its various sections and the contents inside each of them. The chapter is closed presenting several 
options for the upscaling of the framework. 

The last chapter, Chapter 7, is used to present several conclusions and recommendations on the topic of 
this thesis. The limitations of the thesis and various possibilities for future research linked to this thesis are 
presented at the end of the chapter. 
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2 Background information 
This chapter presents the various possible charging strategies used for electric bus operations, as well as the 
different charging technologies available in the market nowadays. A brief presentation of the public bus system 
in Stockholm is also presented together with a detailed presentation of the selected locations and the bus 
services provided there. 

2.1 Charging strategies 
When planning the electrification of public bus services a systems perspective has to be applied to identify 
the needs of each bus route and provide an optimal solution (Kunith et al., 2017). It is necessary to know 
the energy requirements of each bus route, considering factors such as the length of the route, operation 
hours, average speed, number of stops, driving conditions and vehicle used. As a consequence, the energy 
requirement can vary significantly between routes. In order to have an efficient charging infrastructure, the 
most fitting charging strategy should be chosen for each route considering route-specific requirements. 

There are several different charging strategies that can be used depending on the required energy capacity, 
the characteristics of each route or the availability of locations to install chargers. There are three main 
strategies nowadays: depot charging, end-stop charging and along-the-route charging. These last two 
options are also known as opportunity charging. These strategies can be combined in order to achieve a 
more efficient operation of electric buses. The best fitting strategy should be chosen considering energy 
requirements, dwell times and charging possibilities. At the same time the charging strategy has to ensure 
safe operations. For battery life to be as long as possible, the depth of discharge (DoD) of the battery has 
to be the smallest possible maintaining the operation of the battery within a set state of charge (SoC) range 
(Marano et al., 2009; Millner, 2010). 

Due to the high infrastructure requirements of electric bus operations, the choice of the charging strategy 
can directly affect the end cost of the electrification of a bus system, as well as bring limitations regarding 
operation of electric buses (Kunith et al., 2017). Therefore the charging strategy has to be carefully 
selected in order to avoid undesired lock-ins to inefficient or unsuccessful technologies.  

2.1.1 Depot charging 
One of the most common charging strategies for electric vehicles, and especially for buses, is the so-called 
depot charging or overnight charging. This strategy uses the time buses spend at depot during nights or 
during shifts to charge their batteries (The Low Carbon Vehicle Partnership (LowCVP), 2016). Usually 
overnight depot dwell times are used to charge buses using slow chargers (Pihlatie et al., 2014). These 
chargers are capable of charging an electric bus, depending on the size of the battery, taking around four 
hours for a full charge. Similarly, fast chargers similar to the ones used in end-stops or along-the-route 
stops can be used for depot charging, but currently it is not the preferred alternative due to lower cost of 
low chargers and time availability for charging at depots.  

 
Figure 2: Slow charging (Grupo Irizar, 2017) 
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Two of the advantages of this strategy are lower infrastructure requirements and lower overall 
infrastructure costs. No extra charging infrastructure is required, besides the depot chargers, and the buses 
run for the whole day without being recharged (The Low Carbon Vehicle Partnership (LowCVP), 2016). 
Similarly, schedules are not affected by this strategy, as no extra waiting time is required at bus stops for 
charging the battery. High battery capacities allow for long-range operations, resembling to diesel buses, 
but some operations may not be possible for this type of electric buses (Pihlatie et al., 2014). 

On the other side, a greater battery capacity means bigger batteries, which adds more weight to the bus, 
increasing the overall consumption and reducing the maximum payload of the bus. These greater batteries 
are also more expensive, so the reduction of the infrastructure cost is countered by higher battery costs 
(Kunith et al., 2017). 

This strategy is a good solution for bus routes operating on peak demand times during mornings and 
evenings, as buses can be recharged out of those rush hours (The Low Carbon Vehicle Partnership 
(LowCVP), 2016). 

2.1.2 Opportunity charging 
Opportunity charging refers to the usage of the time buses spend stopped during regular operations to 
charge their batteries. Opportunity charging covers two main charging strategies: end-stop charging and 
along-the-route charging. 

2.1.2.1 End-stop charging 
Chargers can be placed at initial or end stops in a bus route, taking advantage of the dwell time available in 
between services to allow charging (Rogge et al., 2015; The Low Carbon Vehicle Partnership (LowCVP), 
2016). The battery capacity of the bus should be big enough to allow several missed-charges, to avoid the 
bus running out of energy due to external factors such as traffic conditions. A more frequent battery 
charging results on a lower battery capacity requirement, if compared to the depot charging strategy. 

One of the main aspects that need to be considered in this strategy is the impact the charges may have on 
the schedule (Paul and Yamada, 2014; Wang et al., 2017). Enough time should be available at each 
charging point for the bus to charge its batteries without delaying the departure. In some cases extra time 
may be required in the schedule, compared to the former operation, for buses to be able to charge their 
batteries. 

Battery costs in this strategy are lowered compared to depot charging strategy as a result of the lower 
battery capacity requirement, while infrastructure costs are higher as a consequence of the need for several 
fast chargers. This type of strategy can be combined both with depot and opportunity charging to provide 
a cost effective system. 

 
Figure 3: End-stop charging scheme in Berlin(Bombardier Primove, 2017a) 
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2.1.2.2 Along-the-route charging 
Along-the-route charging refers to the usage of one or more intermediate stops along the route of a bus to 
charge the bus’s batteries. A trade-off between the capacity of the battery and the amount of charging 
locations (number of chargers) is required if this type of charging strategy is chosen (Kunith et al., 2014). 

As a result, the battery capacity is the lowest one among all charging strategies, reducing significantly the 
battery cost. On the other hand, infrastructure costs are highest in all strategies, as several chargers per bus 
route will be required to provide enough energy for everyday operations (Kunith et al., 2017). 

For chargers to be installed significant available space is required and this may be scarce in many densely 
populated urban areas. Therefore space availability has to be carefully addressed before selecting charging 
locations. Similarly, high power capacities are required at charging points for the electrical grid to handle 
the power withdrawal. This issue also applies to end-stop charging if those end-stops are located in the 
city center. 

The main benefit of opportunity charging is the possibility to operate full-electric buses without any 
interruption for the whole day, as the batteries will be replenish at each charging point without letting the 
batteries deplete completely, with a reduced battery cost. Therefore enabling to deploy electric buses in 
operations resembling those of diesel buses currently in operation (Kunith et al., 2017; The Low Carbon 
Vehicle Partnership (LowCVP), 2016). 

 
Figure 4: Opportunity charging scheme at Braunschweig(Bombardier Primove, 2017b) 

2.2 Charging technologies 
The batteries of electric buses can be replenished using various techniques. Two are the main options to 
charge batteries: one being stationary charging and the other dynamic charging. Stationary charging means 
that the vehicle to be charged is not moving while it is being charged; for example when a bus is waiting at 
an end-stop or parked at the depot. Dynamic charging on the other hand occurs when the vehicle is 
charged while it is moving; when driving through traffic for instance.  

Dynamic charging it is not under the scope of this thesis as a solution to power electric buses, as this 
study is focused on analyzing two specific locations in Stockholm and dynamic charging will required to 
analyze the whole route of each bus route in order to assess the dynamic electrification possibilities. 

Nowadays, the two most extended ways of stationary charging for electric buses are conductive and 
inductive charging. The following sections will briefly explain each technology. 
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2.2.1 Conductive charging 
Conductive charging is based on the transfer of energy to electric vehicles by direct electric contact. The 
most common solution for conductive charging of electric buses is based on the usage of pantographs. 
These pantographs are similar to the ones that have been used for decades on trains and trams. In the case 
of electric buses, there are two different types of conductive chargers depending on where the pantograph 
is located: on-board and off-board (Siemens, 2015). 

In the on-board conductive charging solution the pantograph is directly located on the roof of the bus. 
This roof-mounted equipment will make contact with the overhead supply system located at the charging 
station. 

In the case of off board conductive charging the pantograph is installed in the overhead mast of the 
charger, so only a contact system is required onto the bus, reducing infrastructure cost and the overall 
weight of the bus. 

Buses are charged when they arrive to the charging station and the pantograph is extended in order to 
make electrical contact, this process is usually automated and takes several seconds. The possibility of 
installing on-board or off-board systems provides a high degree of flexibility. Conductive systems are 
capable of transferring high power, with capacities nowadays ranging from 100 kW up to 450 kW; tests 
are already being made with 600 kW chargers (ABB, 2017a). Thanks to these capacity levels it is possible 
to fully charge an electric bus in 4-10 minutes (ABB, 2017a; Siemens, 2015; Volvo, 2017).Conductive 
chargers are offered by various companies around the globe such as Siemens, ABB and Opbrid and have 
already been tested in many cities among which Stockholm can be found (ABB, 2017b; Opbrid, 2017; 
Siemens, 2017a). 

Some of the advantages of conductive charging are good efficiency levels and lower exposure to 
electromagnetic fields compared to inductive charging systems. High maintenance costs due to the contact 
between the conductor and the collector, visual impact and the exposure to the external environment and 
vandalism are the main disadvantages of conductive charging technology. 

 
Figure 5: Conductive charging station at Ropsten, Stockholm(Vattenfall, 2015) 

2.2.2 Inductive charging 
Inductive chargers transfer energy to vehicles through magnetic fields (Bombardier Primove, 2017c). 
These chargers use two coils (transmitting and receiving coils), which are placed close to each other, to 
transfer the energy. One of them is located beneath the surface of the road and the other is placed on the 
underside of the vehicle. High frequency alternating current is created in the transmitting coil that 
inductively transfers the power to the receiver coil. There is no direct contact between the coils although 
the gap between the coils has to be as low as possible to reduce losses. 

Some companies already provide inductive charging solutions of up to 200 kW for electric buses, such as 
the Primove system manufactured by Bombardier (Bombardier Primove, 2017c). As mentioned before, 
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inductive technology is already being tested in Sweden, more precisely in route 755 in Södertälje (Scania 
Group, 2017; Vattenfall, 2016). 

Inductive chargers significantly reduce the time required to begin the charge compared to conductive 
chargers, as the Bombardier Primove system only needs few seconds to start charging compared to the 26 
seconds required by Siemens conductive chargers (Siemens, 2017b). Most of the infrastructure for 
inductive chargers is located underground, reducing significantly the visual impact and protecting the 
charger against vandalism and weather related effects. Similarly, inductive chargers may require less space 
than conductive chargers (Xylia et al., 2017). 

One of the main disadvantages of inductive charging is the lower level of maturity of the technology 
compared to conductive charging. The usage of magnetic fields to transfer power have also arose 
concerns (Jiang et al., 2012). The need for extensive digging can also become a drawback for the adoption 
of inductive technologies due to the increased difficulties and construction times required. 

 
Figure 6: Inductive charging by Bombardier(Bombardier Primove, 2017c) 

2.3 Public bus services in Stockholm 
Storstockholm Lokaltrafik (SL) is the PTA responsible for public transport services provided in 
Stockholm County. The public transportation system in Stockholm County comprises bus, underground, 
tram, commuter-train and commuter boat services (AB Storstockholms Lokaltrafik, 2016). SL’s bus 
network consists of 494 bus routes and 6,672 stops covering over 9,500 kilometers throughout Stockholm 
County. 

Various contracting companies operate SL´s bus services under concessions. This means that the 
transport authority is responsible for defining the goals the transport system has to meet, as well as for the 
general planning of those services (including various standards that need to be met) and ticketing and 
marketing related decisions. Through procurement of the bus services SL outsources to the selected 
contractor tasks such as the detailed planning for each route, the setting of timetables and vehicle related 
decisions. Ultimately, SL has to approve any proposal for change made by the contractor regarding 
transport planning or if any change to the original procurement is required. If any requirement set on the 
contract, SL has the right to fine the contracting company according to the terms of the contract 
(Danielson et al., 2016). 

The process of procuring bus services is simple. First of all the PTA carries out a study to assess the 
requirements and details of future services. Once all the requisites are set, a public call for applications for 
the selected procurement is done. Being a public competition means that any company can bid for the 
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contract, then is SL’s responsibility to assess the suitability of the received offers and selected the winner. 
SL assesses the offers in terms of legal compliance, feasibility of forecasts, projected services, 
environmental standards, quality of service and overall cost. Under the assessment process, and before the 
final decision is made, discussions can be held by both parties in order to discuss the offer and provide 
feedback (Danielson et al., 2016). 

Currently, different contractors, depending on the services they are responsible for, operate public 
transport services on behalf of SL. In the case of the public bus system the companies Arriva, Keolis, 
Nobina and Tynningö Bus operate across Stockholm County (Stockholms läns landsting, 2017c). Table 1 
shows the current contracts, the operator and the period for each of them. 

Table 1: Current public bus contracts on behalf of SL (Stockholms läns landsting, 2016) 

Contract Service area Operator Period 

E16:1 
Vallentuna, Sigtuna and 
Upplands Väsby 

Arriva 2009-2019 

E16:2 Ekerö Arriva 2009 - 2019 

E31/E32 
Vallentuna, Sigtuna, Upplands 
Väsby and Ekerö 

 Pre-study begining in 2016 

E18 Tynningö Tynningö Bus 2008 - 2018 

E19 I Nacka and Värmdö Keolis 2011 - 2021 

E19 II 
Huddinge, Botkyrka and 
Söderort 

Keolis 2011 - 2021 

E19 B Norrtälje Nobina 2011 - 2019 (2021) 

E20 Block 1 

Tvärbanan/Nockebybanan 
and Saltsjöbanan together with 
bus areas Bromma, 
Solna/Sundbyberg and 
Sollentuna 

Arriva 2012 - 2020 (2024) 

E20 Block 2 

Roslagsbanan and bus area 
Norrort (Danderyd, Täby, 
Åkersberga, Österåker and 
Vaxholm) 

Arriva 2013 – Jan 2021 (2025) 

E22 Inner City and Lidingö Keolis 2014 - Aug 2022 (2026) 

E23 
Handen, Tyresö and 
Nynäshamn 

Nobina 2015 - 2023 (2025) 

E27 Södertälje Nobina Aug 2016 - Aug 2026 

E28 Järfälla and Upplands-Bro Nobina Aug 2016 – Aug 2024 (2026) 

 

Bus service contracts in Stockholm usually cover a period of 8 years, with an option for extension for two 
additional years. On average, the public bus contracts procured in Stockholm are significantly bigger than 
the Swedish average, not only due to the size of the system, but also in order to gain benefits from 
economies of scale and synergies (Danielson et al., 2016). 

Bus route in Stockholm are divided between blue and red routes. Blue routes, which are operated by buses 
of the same color, offer services with short waiting times (except for some services between suburban 
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areas). Nowadays there are 17 blue routes in the SL system, which operate within the city center, 
connecting the city center with important areas in the suburbs and linking suburbs between them. Red 
buses operate the rest of the routes, with reduced schedules compared to blue routes as mentioned before. 

 
Figure 7: Bus routes in Stockholm Inner City (AB Storstockholms Lokaltrafik, 2017a) 

As it can be seen in Figure 7, 4 blue routes and 21 red routes operate within Stockholm Inner City. Out of 
those 21 red routes, 4 are night routes and therefore only run between 1:00 and 5:00. In Stockholm Inner 
City 301 bus stops can be found, according to statistics from SL (AB Storstockholms Lokaltrafik, 2016). 

Several different types of buses are used for bus operations in Stockholm, ranging between 12 m (one 
axis) to 18 m (articulated buses). 18 m articulated buses usually operate blue routes due to their high 
demand, while other routes are operated by a mix of bus types depending on the specific requirements of 
each route. 

Stockholm City Council aims at improving the sustainability of the transport sector in the city by 2050 as 
stated in their “Roadmap for a fossil fuel-free Stockholm 2050” (Stockholm Stad, 2014). This report 
presents a variety of goals for different sectors in the city, one of them being the transport sector. 
Different objectives are set to improve sustainability levels in the transport sector in general and public 
transport in particular. According to the report, SL’s share over the whole number of transport trips is 
expected to increase from the current 50% up to 75% by 2050 in the whole Stockholm region. As a 
consequence an expansion of the current public transport system is foreseen in the future in order to cope 
with the expected population increase in the region. Similarly, GHG emissions from transport are 
expected to be reduced from 1,380,000 to around 400,000 tons CO2 equivalent, foreseeing that SL buses 
will mostly run on electricity and few on biofuels. Therefore SL is already planning the future 
transformation of its system in order meet these set goals. These goals are also in line with environmental 
goals set for the transport sector by the Swedish Government regarding energy efficiency and increase 
usage of public transport (Regeringskansliet, 2013). 

2.3.1 Selected locations 
As mentioned earlier, two locations have been selected in Stockholm Inner City to analyze the possibility 
of installing charger stations to be used by SL in future electric bus operations. These locations are: 
Odenplan and Slussen. 
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2.3.1.1 Odenplan 
Odenplan is an open square located in the northern district of Vasastan, in the Stockholm Inner City. 
Odenplan is a public transport connection hub, where both underground (routes 17, 18 and 19) and 
public bus services are provided. According to 2015 traffic data from SL, 36,300 passengers used 
Odenplan on daily basis (AB Storstockholms Lokaltrafik, 2016). Out of these, 16,600 users chose public 
buses, while the rest corresponded to underground. By summer 2017, a new commuter train station is 
expected to be inaugurated beneath the square, enhancing interconnection possibilities in the area and 
presumably increasing the number of travelers using Odenplan on daily basis (Stockholms läns landsting, 
2017a). 

 
Figure 8: Location of Odenplan 

As it can be seen in Figure 9, nine bus stops can be found in Odenplan and the adjacent Karlbergsvägen 
(labeled A, B, C, F, G, H, J, L and M). 17 bus routes use these bus stops, both during the day and the 
night from Monday to Sunday (AB Storstockholms Lokaltrafik, 2017b). 

 
Figure 9: Odenplan bus stops map (AB Storstockholms Lokaltrafik, 2017c) 

Table 2 shows which routes currently use the bus stops in the Odenplan area (night routes on italic). 
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Table 2: Bus routes operating to and from Odenplan (AB Storstockholms Lokaltrafik, 2017b, 2017c) 

Route 2: Sofia-Nortull Route 516: Norra Bantorget-Viby 
Route 4: Gullmarsplan-Radiohuset Route 526: Norra Bantorget-Edsberg 
Route 50: Stora Lappkärrsberget-Hornsberg Route 565: Norra Bantorget-Brunnby Vik 
Route 61: Ruddamen-Hornsberg Route 94: Gullmarsplan-Radiohuset 
Route 67: Skansen-Frösundavik Route 96: Sickla Udde-Odenplan 
Route 69: Blockhudsudden/Kaknästornet-
Karolinska Institutet 

Route 595: Sundbyberg Station-Centralen 

Route 72: Frihamnen-Karlberg Station Route 690: Vallentuna-Odenplan 
Route 73: Ropsten-Karolinska Institutet Route 691: Hägernäs-Odenplan 
Route 515: Sundbybergs Station-Odenplan  

 

The high number of bus routes concentrated in the square has been one of the reasons for the selection 
of Odenplan for further investigation. The majority of the bus routes using Odenplan are short distance 
city routes, which use the stops at the square as intermediate stops along their routes. This has been one 
of the facts behind the selection of Odenplan, although not the only one. The facts that stops are located 
on the sidewalk (not on platforms) and the future connection possibilities (public transport) have also 
played an important role in the selection of Odenplan. Similarly, as the bus traffic is segregated from the 
rest of the traffic it would be easier to modify the bus traffic according during and after the construction 
of the charging facilities. 

2.3.1.2 Slussen 
Slussen is the northernmost area of the Södermalm Island in central Stockholm. The area is also the 
connection point between Södermalm and the old part of the city, Gamla Stan. Slussen is the second 
biggest public transport connection point of the SL network, only surpassed by the Central Station (AB 
Storstockholms Lokaltrafik, 2016). At Slussen, underground (routes 13, 14, 17, 18 and 19), Sältsjöbanan 
suburban rail and bus services (city buses and buses to Nacka and Värmdö) can be found. According to 
data provided by SL, 140,500 passengers used Slussen on daily basis. Out of those, 47,500 passengers used 
public bus services at Slussen, 6,900 opted for the suburban rail and the rest correspond to the 
underground (AB Storstockholms Lokaltrafik, 2016). Nowadays, city buses stop at Södermalmstorg, while 
buses to and from Nacka and Värmdö stop at the bus terminal in Slussen. The area is being completely 
renovated, including a new bus terminal for buses to Nacka and Värmdö inside Katarinaberget hill 
expected to be fully operational by 2025 (Stockholms läns landsting, 2017b). The city buses are expected 
to stop at new stops located in Katarinavägen and Hornsgatan, at similar locations as where the buses 
used to stop before the renovation of the area started. 

 
Figure 10: Location of Slussen 
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As it can be seen in Figure 11, five bus stops can be found in Södermalmstorg (labeled M, N, O, P and T). 
15 city bus routes use these bus stops, providing both day and the night services from Monday to Sunday 
(AB Storstockholms Lokaltrafik, 2017b). 

 
Figure 11: Södermalmstorg bus stop map (AB Storstockholms Lokaltrafik, 2017c) 

 
Figure 12: Current Slussen bus terminal map (AB Storstockholms Lokaltrafik, 2017c) 

As mentioned before buses to Nacka and Värmdö stop at the Slussen bus terminal, where 15 bus stops 
can be found (labeled A, B, C, D, E, F, K, L, M, N, O, P, S, Z and X). These stops are used by 40 
different bus routes, providing both day and night services from Monday to Sunday (AB Storstockholms 
Lokaltrafik, 2017b). All these bus routes and stops are expected to be transferred to the new bus terminal 
inside Katarinaberget hill. Figure 13 shows how the new Slussen bus terminal will look like once it is 
finished by 2025. 
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Figure 13: New Slussen bus terminal (Stockholm Stad, 2017a) 

Table 3 shows which routes currently use the bus stops in Södermalmstorg (night routes on italic). The 
routes stopping at Södermalmstorg are mainly city routes, operating within the city of Stockholm 

Table 3: Bus routes using Södermalmstorg (AB Storstockholms Lokaltrafik, 2017b, 2017c) 

Route 2: Sofia-Nortull Route 93: Henr iksda lberge t -S lussen  
Route 3: Södersjukhuset-Karolinska Sjukhuset Route 96: Sickla Udde-Odenplan 
Route 53: Henriksdalberget-Fridhemsplan Route 191: Centralen-Norsborg 
Route 55: Hjorthagen-Tanto Route 192: Centralen-Fruängen 
Route 57: Karolinska Sjukhuset-Sofia Route 193: Centralen-Farsta strand 
Route 59: Fredhäll-Norra Hammarbyhamnen Route 194: Centralen-Bagarmossen 
Route 76: Norra Hammarbyhamnen-Ropsten Route 195: Centralen-Hagsätra 

 

Table 4 shows bus routes operating to Nacka and Värmdö from the current bus terminal at Slussen (night 
routes on italic). 

Table 4: Bus routes using Slussen bus terminal (AB Storstockholms Lokaltrafik, 2017b, 2017c) 

Route 401: Slussen-Älta Route 438: Slussen-Kalvsviks Brygga 
Route 402: Slussen-Kvarholmen Route 439: Slussen-Stenslätten 
Route 403: Slussen-Hästhagen Route 440: Slussen-Bullandö 
Route 409: Slussen-Dubnäs Utskog Route 441: Slussen-Vikingshill 
Route 410: Slussen-Saltängen Route 442: Slussen-Boo Backe 
Route 413: Slussen-Talluden Route 442X: Slussen-Boo Backe 
Route 414: Slusen-Orminge Centrum Route 443: Slussen-Jarlaberg 
Route 420: Slussen-Gustavsberg Centrum Route 444: Slussen-Västra Orminge 
Route 422: Slussen-Gustavsberg Lugnet Route 445: Slussen-Insjön 
Route 423: Slussen-Gustavsberg Lugnet Route 446: Slussen-Västra Orminge 
Route 425: Slussen-Gustavsberg Lugnet Route 447: Boo Backe-Slussen 
Route 428X: Slussen-Bhörkviks Brygga Route 449: Slussen-Ektorp 
Route 429X: Slussen-Idalen Route 471: Slussen-Västra Orminge 
Route 430X: Slussen-Eknäs Brygga Route 474: Slussen-Hemmesta 
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Route 433: Slussen-Djurö Route 491: Centralen-Nyfors 
Route 434: Slussen-Överby Route 492: Centralen-Hemmesta 
Route 435: Slussen-Hemmesta Route 496: Centralen-Orminge Centrum 
Route 436: Slussen-Saltarö Route 497: Centralen-Solsidan 
Route 437: Slussen-Lillsved  

 

There are several reasons behind the selection of Slussen for this analysis, one being the high amount of 
passengers using the available public transport services at Slussen on daily bases. Another important factor 
is the construction of the new bus terminal and the refurbishing of Södermalmstorg. This construction 
projects could be an opportunity for installing the charging infrastructure required for electrifying several 
of the bus routes operating at Slussen/Södermalmstorg and having it ready by the time the new facilities 
are opened to the public. The possibility of analyzing bus stops consisting of platforms instead of regular 
stops in sidewalks and the opportunity of analyzing long range routes (to Nacka and specially to Värmdö) 
have also been taken into consideration during the location selection stage. 
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3 Methodology 
This chapter presents the methodology used to develop this thesis. It is divided in four main sections 
corresponding to the general methodological framework and spatial, operational and economic analysis.  

3.1 General methodological framework 
This study uses a combination of quantitative and qualitative approaches. In the quantitative part of the 
study, numerical data is used to calculate the capacity required at each location and the overall cost of the 
project.  The usage of AutoCAD technical drawing software is also part of this process. This software is 
used to create maps of the locations and be used as a visual help to present the findings of the study. The 
software enables drawing the future infrastructure over plans showing the current state of the selected 
locations. Different layers can be used in order to present different objects, such as buildings, road, bus 
stops, sidewalks, etc. with different colors. AutoCAD also enables the creation of more complex 3D 
models. 

The calculations required for the economic analysis have been based on data obtained from previous 
similar studies, manufacturers and by directly consulting experts on the topic. Excel software has been 
used to organize time schedules for each bus route and for other complimentary calculations. 

The core of the material used for the completion of this thesis has been gathered as a consequence of an 
extensive literature research on the topic of public bus electrification. As a consequence of the lack of 
information regarding difficulties linked to developing public transport infrastructure, conversations with 
experts in several areas linked to electrification projects have been held. Representatives at Ellevio (grid 
owner in the Stockholm area) have been consulted regarding the possibilities to connect the charging 
infrastructure at the selected locations. Similarly, conversations have been held with consultants at WSP 
(mainly from the traffic and transport department) in order to get feedback regarding the proposed 
solutions. Additionally both representatives from Bombardier and Siemens have been contacted in order 
to get detailed information regarding inductive and conductive chargers. 

This study uses data collected from various sources such as SL (AB Storstockholms Lokaltrafik, 2017d), 
Stockholm Stad (Stockholm Stad, 2017b), Stockholms läns landsting (Stockholms läns landsting, 2017d), 
Siemens (Siemens, 2017a), Bombardier (Bombardier Primove, 2017c), WSP Sweden, Fortum, Volvo 
(Volvo Buses, 2016), Man (Man Buses, 2017), etc. 

3.2 Spatial analysis 
In order to assess the possibilities for installing chargers for electric buses in the selected locations data 
from the following sources has been used: 

Table 5: Sources of data and information used for the spatial analysis 

Source Material 

Stockholm Stad (Stockholm Stad, 2017c) Orthophotos, policies, laws and information regarding 
current construction work connected to the refurbishing 
of Slussen. 

Stockholms län landsting (Stockholms 
läns landsting, 2017b) 

Information regarding current construction work 
connected to the refurbishing of Slussen. 

SL (AB Storstockholms Lokaltrafik, 
2017b) 

Maps of the bus stops at the selected locations and 
related information. 

WSP (personal communication) Plans for the new bus terminal in Slussen in AutoCAD 
format. 
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Fortum (personal communication) Location of district heating/cooling pipelines at selected 
locations. 

Ellevio (personal communication) Information regarding connection points to the 
electricity grid at selected locations 

Siemens (personal communication) Data and specifications regarding conductive chargers. 

Bombardier (personal communication) Data and specifications regarding inductive chargers. 

Volvo (Volvo Buses, 2016) Data and specifications regarding electric buses. 

Man (Man Buses, 2017) Data and specifications regarding buses. 

 

The core of the spatial analysis is done using AutoCAD technical drawing software, where maps of the 
selected locations are built presenting different charger setups. For each location two scenarios have been 
created: one assessing partial electrification (based on data from previous research (Xylia et al., 2017)) and 
another one assessing full electrification of bus services at each location. Several solutions have been 
created for each location and scenario using AutoCAD. These solutions are based on several factors such 
as the number of conflicts between routes, the space available or the route each bus follows in the area. 

 
Figure 14: AutoCAD sketch of Södermalmstorg 

Maps and plans are used to identify the location of district heating lines, as well as to know how much 
space the chargers, their auxiliary components and the buses require. All this information is introduced in 
AutoCAD in order to draw the infrastructure over the previously created base maps for each location. 
Several aspects have been considered to select the proposed location for each of the chargers in the 
proposed solutions, such as: the location of the bus stops, the location of pedestrian crossings, the route 
of each bus in the area, the entrances to the subway, the flow of pedestrians in the area, the traffic in the 
area, etc. The main objective of this analysis is to find the solution with the lowest impact possible at each 
location. 

 
Figure 15: AutoCAD sketch of Odenplan 
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3.3 Operational analysis 
In order to assess if the current bus traffic at each stop is compatible with future electric bus operations, 
the time schedules of all routes at each bus stop have to be analyzed. More than one bus routes 
simultaneously use most of the bus stops at both Odenplan and Slussen/Södermalmstorg, meaning that 
the possibility of simultaneously having more than one bus at several stops has to be considered. A regular 
day of operations (based on data for a given Wednesday in March) has been simulated for each of the 
analyzed bus stops by introducing in Excel the timetables of each bus under the scope of the analysis. This 
way the times where several buses are expected to be at a same stop can be identified. 

For ideal electric bus operations under an opportunity charging strategy, the regular time schedule of a bus 
route should provide enough dwell time for the batteries to be charged, either at end stops or at stops 
along the route. Therefore, changes to schedules may be required in order to provide buses with the 
necessary time to charge their batteries and for avoiding congestion at those chargers. These changes can 
be analyzed comparing the free time slots at each bus stop and restructuring the bus traffic accordingly 
using the information introduced in Microsoft Excel. The main goal of these changes should be to 
provide each bus route with enough charging time at selected locations, so as to make possible a cost-
efficient solution in which the fewest number of chargers possible will be built in order to ensure full-
electric operation. 

Similarly, the usage of each charger can be simulated in excel by allocating a time slot to each service. This 
simulation technique can be used to assess the minimum number of chargers required by a certain number 
of routes if all of them are free to use any of the available chargers. 

3.4 Economic analysis 
In the case of electric buses, one of the main drawbacks for their expansion is the higher acquisition costs 
of the buses and the high infrastructure building costs. Therefore it is important to present a realistic and 
cost efficient solution to install chargers for electric buses.  

The budget presented in this study will be preliminary and can be developed further depending on data 
availability. Similarly, the construction of the budget allows it to be used in other cases or locations where 
the proposed location analysis framework is used. 

A Microsoft Excel spreadsheet is used to make the required economic calculations as it provides a user-
friendly interface is widely available and offers an easy way of exporting the calculations to other devices. 
The economic calculation tools available in Excel will be used. 
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4 Results: spatial, operational and economic analysis 
This chapter presents the results of the analysis for each of the selected locations. The proposed charger-setup 
and the installed capacity required at each location are also presented, together with the reasons behind each 
setup. The budget for each of the proposed solutions is presented, together with the potential savings arising 
from decreasing the distance of the connection to the grid. 

4.1 Analyzed cases 
Spatial and operational analysis have been carried out for Odenplan and the Slussen area (Södermalmstorg 
and the new bus terminal at Slussen) based on two scenarios: one assessing the feasibility of partially 
electrifying bus services in those areas based on data from the study on locating charging infrastructure for 
electric buses in the city of Stockholm (Xylia et al., 2017) and another scenario assessing the full 
electrification of bus services at those locations. 

In the case of Odenplan, the data used for the first scenario corresponds to the energy optimization 
scenario from the aforementioned study (Xylia et al., 2017). While in the case of Södermalmstorg and 
Slussen, the analysis is based on data from the cost optimization scenario in the same study. Data from 
different scenarios has been used to assess the same situation (although in different locations) as a 
consequence of no chargers being installed in Odenplan in the cost optimization scenario in the 
aforementioned study (Xylia et al., 2017).  

For each scenario, both conductive and inductive technologies have been considered. In the cases using 
conductive technology, chargers manufactured by the German company Siemens have been. While 
chargers manufactured by the Canadian company Bombardier (Primove system) have been used for 
inductive solutions. Following the suggestion of one of the operators, a capacity of 450 kW has been 
assumed for all chargers.  

450 kW is already a common power output for conductive chargers, although inductive chargers have not 
yet reached this level. The maximum charging power offered by Bombardier for its Primove system is 200 
kW and the highest charging power available in the market is 300 kW, provided by IPT Technology (IPT 
Technology, 2017). Operators are increasing their interest on ultra-fast chargers (capacities over 600 kW), 
which combined with technological improvements, are making less powerful chargers (150-200 kW) 
obsolete. Similarly, if inductive charger manufacturers want their products to be competitive against 
conductive chargers, higher power outputs matching the ones currently offered for conductive chargers 
will need to be offered. Additionally, the high interest that inductive chargers gather may foster research 
on the field of ultra-fast inductive chargers. The 500 kW inductive charging solutions for trams provided 
by Bombardier (Bombardier Primove, 2017d; Brecher and Arthur, 2014) prove that higher outputs can be 
achieved using inductive technology, so it may be possible to modify this system to fit it into large buses 
for example. As a consequence, it may be possible that by the time the new bus terminal in Slussen is 
inaugurated, inductive chargers with power outputs around 400-500 kW would be available in the market. 

Data from two different bus manufacturers has been used to build the proposed solutions: Volvo and 
Man. Volvo is the manufacturer of the hybrid-electric buses currently used by Keolis to operate route 73, 
but also one of the leading companies in the electric bus market. Additionally dimensions from Man buses 
have also been used, as this is the manufacturer of the majority of buses currently used in the routes 
operating within the city center. 

To build each of the solutions several assumptions have been made. The following considerations are 
common to all solutions: 

1. Chargers will always be placed as close to the shelter as possible to ease boarding and disembarking 
of passengers. The slab of inductive chargers will be placed to the left of the bus stops (looking 
towards the road), enabling the door of the bus to be the closest to the shelter as possible while 
charging. Similarly, the mast of conductive chargers will always be located to the right of the stop, 
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unless two chargers are installed at the same stop. The charging cabinet will be placed either at the 
left of the shelter or 5 m behind the mast. 

2. The charging mast and the front axe of the bus have to be aligned in order to ensure a proper 
pantograph-bus contact. Similarly, it is assumed that the center point between the front and rear 
axis will be perfectly aligned with the charging slab when stopping at an inductive charger. 

3. SL requires the vicinity of the bus and the stop to be obstacle free to ease the movement of 
disabled people, street cleaning and snow removal operations. Therefore, when using conductive 
chargers, the distance between the curb/edge of the sidewalk and the mast will be 2 m and the 
distance between the curb and the charging cabinet will be 3 m.  

4. Buses stopping in Odenplan, Södermalmstorg and night routes in the Slussen terminal are expected 
to charge only for the time required by passengers to disembark and board the bus. Meaning that 
in most cases additional charging locations will be required throughout the city to allow full 
electrification. 

The placement of the chargers in each solution is subject to modifications upon request in order to 
comply with the prerequisites of each municipality. For example, if conflicts with street furniture occur. 
Similarly depending on the evolution of each technology alternative layouts may be possible (integration 
of the charger into the shelter, reduction of dimensions, etc.). 

4.2 Proposed solutions 
The solutions for partial electrification are shown first, followed by the full electrification solutions. Full 
drawings of each of the created solutions for each location can be found in the Appendix A. 

4.2.1 Partial electrification of bus services in Södermalmstorg and 
the new bus terminal at Slussen 

Four routes are meant to charge at Södermalmstorg in the partial electrifications scenario.  

Table 6: Routes charging at Södermalmstorg 

Rote 2: Sofia-Norrtull 

Route 76: Ropsten-Norra Hammarbyhamnen 

Route  93:  S lussen -Henr ikdalsberge t  

Route  96:  Odenplan-Si ck la  Udde  

 

Two solutions, using conductive and inductive charging technologies, have been created for 
Södermalmstorg. The bust stop located in Katarinavägen, on the sidewalk of the City Museum and 
Ryssgården, would be used as charging station. Although this street is currently closed, routes 2, 76, 93 
and 96 are expected to drive through Katarinavägen once this street reopens in 2019. 



34 
 

 
Figure 16: Future location of bus stop for routes 2, 76, 93 and 96(Stockholm Stad, 2017d) 

To investigate the impact of charging all four routes at the same charger, the timetables of those routes 
have been analyzed. The analysis shows that during a regular operation day (given Wednesday in March) 
up to 8 simultaneous bus arrivals will occur at the charger. These results are based just on the information 
extracted from the timetables published by SL, as no impact from the traffic in the city or other factors 
have been considered. 

Table 7: Conflicts between routes 2, 76, 93 and 96 

Conflicting routes Number of conflicts per day 

2-76 7 

93-96 1 

 

Although the stop in the opposite side of the Katarinavägen offers a lower number of simultaneous 
arrivals (5 between routes 2 and 76), the same stop selected in the aforementioned study has been used in 
this scenario. Having several buses arriving simultaneously would increase the travel time, as buses would 
have to wait until the previous bus leaves the charger to be able to charge the batteries. An optimization 
of the current timetables could enable a conflict-free operation of the charger. However, these changes 
could affect the traffic in the area and consequently an impact analysis should be carried out before any 
measure is implemented. 

One of the main issues related to the installation of chargers in city centers is connecting them to the grid. 
Both in the case of Södermalmstorg and Slussen, after consulting Ellevio (company owing the electricity 
grid in Stockholm) on the topic, it has been assumed that no capacity would be available in the area and 
that exclusive secondary substations will be required as a consequence. In the case of Södermalmstorg, at 
least a 675 kVA substation will be required to connect the sole charger in both versions. The substation 
will work as a middle step between the charger and the grid. The charger will be connected on low voltage 
to this secondary substation and then the substation will be connected on medium voltage to the closest 
connection point to the electrical grid. In this case at Östgötagatan 14. This represents a major issue, as 
the distance between Södermalmstorg and that substation is nearly 700 m and 250 m until Mosebacke 
square. This square is the closest place to the new bus terminal, although the wires will have to go further 
deep to reach the level of the terminal. Therefore a distance of 400 m has been assumed for the terminal. 
This means that the works required to build the connections will be costly. 
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Figure 17: Distance and possible path of medium voltage cables between secondary substation and connection point to the grid 

The existence of commuter train and underground stops in the area may enable an alternative option to 
connect the chargers: connecting them to the substations used by the subway or commuter trains. If such 
type of substations would be located in the Slussen area, it could be possible to directly connect the 
chargers to them. This option would significantly reduce the distance of the connection and subsequently 
the cost of the grid connection. However, it is unclear if such substations are available in this area or if 
sufficient capacity to connect the chargers would be available. 

 
Figure 18: Conductive charger at Katarinavägen, partial electrification case (right)  

Figure 19: Inductive charger at Katarinavägen, partial electrification case (left) 

The chosen location for the charger allows for an 18 m bus to wait behind the bus charging without 
blocking the crossroad between Katarinavägen and Hornsgatan. The secondary substation would be 
placed to the left of the shelter. The substation could also be built at an alternative location in the area, 
such as on the edge of the new Katarinaparken or in a side of Ryssgården. However, from a cost 
effectiveness point of view, the position of the substation should be a tradeoff between the distance to the 
connection point and the distance to the charger. 
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The solution using inductive technology follows the same principle when placing the charger as the 
conductive solution. Usually the cooling unit of the inductive charger is placed by the charger, but 
considering SL’s bus stop manual, the cooling unit should be placed in a location where its impact is the 
lowest as possible. This location could be either at one of the sides on the shelter or behind it. This 
decision should be agreed with SL and the city. The position of the charger allows two 18 m buses to stop 
one after the other, same as in the conductive solution. 

As mentioned before, the partial electrification of bus services at the new bus terminal in Slussen has also 
been addressed. Selected routes are expected to charge at the terminal according to the data from (Xylia et 
al., 2017). 

Table 8: Routes charging at Slussen bus terminal 

Route Platform 

Rote 409: Slussen-Ektorps Centrum 5 

Route 410: Slussen-Saltängen 5 

Route 413: Slussen-Talluden 6 

Route 414: Slussen –Orminge Centrum 6 

Route 420: Slussen –Gustavsberg Centrum 12 

Route 422: Slussen –Gustavsberg Lugnet 12 

Route 423: Slussen –Gustavsberg Lugnet 14 

Route 425: Slussen - Gustavsberg Lugnet 14 

Route  492:  Sto ckho lm Centra l en -Hemmesta  vägskäl  - 

Route  496:  Sto ckho lm Centra l en -Orminge  Centrum - 

 

 
Figure 20: Overview of the new Slussen terminal (Stockholms läns landsting, 2017e) 

The allocation of departure platforms for each route is based on a report by the company Sweco (Cheng 
and Holmstedt - Sweco, 2016). However this simulation does not account for night routes 492 and 496, 
although these routes have the terminal as an intermediate stop. Consequently their dwell time would be 
lower than for the rest of routes. To allow these buses to charge at Slussen two options are available: 

− To place a charger in one of the regulatory parking spots next to the departure platforms (green 
area in Figure 20). However, buses should be allowed to use these regulatory parking spots as 
arrival/departure platforms for this option to be feasible. 
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− To place one charger at platform number 14, used by routes 423 and 425. Changes in the 
schedules of routes 492 and 496 will be required to avoid simultaneous arrivals (2 between them).  

In order to assess the minimum number of chargers required for a partial electrification, a regular 
operation day of those routes has been simulated in Excel. The use of the chargers has been based on a 
charging scheme specially created for the terminal, which would allow sharing the infrastructure among all 
the routes meant to be charged. The scheme is based on the following assumptions: 

− Buses will start charging soonest 15 minutes before the departure time of each service. 
− Buses will charge for 7 minutes (full charge). 
− Buses will be required to be at the corresponding platform ready to allow passengers to board 5 

minutes before departure. Therefore, buses can latest start charging 12 minutes before departure. 

The results of the simulation show that a minimum of three chargers would be required for the partial 
electrification of the selected routes. However, the third charger would only be required during the 
afternoon rush hour. One could be assigned exclusively to routes 423, 425, 492 and 496 as previously 
mentioned.  

If the base-assumptions for the charging scheme are changed, assuming that buses would start charging 10 
minutes prior to departure and be back at the departure platform 3 minutes before departure, the same 
minimum number of chargers would be required. However, several buses will have to charge sooner in 
order to allow maintaining the minimum number of chargers in this case. 

A sole secondary substation with a capacity of at least 2,025 kVA would be required to connect all three 
chargers to the grid. It may be possible to place it next to the regulatory parking spots close to the arrival 
platform (red are in Figure 20). Although an empty space seems to exist between the wall and the first 
parking spot, it is unclear which use will this area have once the terminal opens. If this location would not 
be available, it may be necessary to create a space for the substation somewhere else in the terminal. 

Chargers can either be placed at the regulatory parking spots or at the departure platforms. Regulatory 
parking spots offer more flexibility and efficiency, as the dwell time in between departures could be used 
to charge the buses if a charging scheme  (allowing sharing the chargers between all routes) is used. 
However, not all regulatory parking spots offer enough space to install chargers. For example at the ones 
located behind the arrival platform, the sidewalk is not wide enough to allow any type of charger to be 
installed there. 

 
Figure 21: Conductive chargers at regulatory parking slots by arrival platform at Slussen new bus terminal 

The main issue at the regulatory parking spots by the arrival platform is the few space available to place 
the charging cabinets. As a charging cabinet with the basic configuration offered by Siemens would not fit 
in the space between parking spots, a tailor-made cabinet would be required. Alternative cabinet 
configurations have already been used in Ropsten for example. This way it would be possible to place a 
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charging cabinet between each platform. Charging masts should be installed 0.25 m from the edge of the 
parking spot (assuming that buses will parked in the middle of the spot) due to the closeness of the wall.  

 
Figure 22: Conductive chargers at platform 14 and regulatory parking slots by platform 17 

The main drawback of installing conductive chargers at departure platforms is the placement of the 
charging cabinet and mast. Both pieces of equipment can be bothersome for passengers during boarding 
and disembarking procedures. Therefore a tailor-made cabinet would be the best option in order to lower 
the impact, but in this case the mast will still be bothersome. The regulatory parking spot next to platform 
1 offers slightly more space than the rest, making possible to install a charging cabinet with the basic 
configuration. To further reduce the impact of the chargers, the pantograph could be installed in the 
ceiling of the terminal over the platform, therefore not requiring the installation of a mast. This solution 
would be especially beneficial for cases where chargers are expected to be built on platforms. However, 
the feasibility of this idea is not clear, as it depends on the height over the platform (when retracted the 
pantograph has a clearance height of 4.5 m) and on the ceiling’s characteristics (material, geometry, etc.). 

Inductive chargers could also be used in the partial electrification scenario at the terminal in Slussen. 
However, the usage of this technology arises several drawbacks. Although inductive chargers can be 
installed in parallel parking spots, the space available between buses in the spots by the arrival platform 
does not allow this possibility. Therefore, only one charger could be installed in this area of the terminal. 
As a consequence, the other two chargers should be installed in the area of the departure platforms. Due 
to the extra space required by inductive chargers, the best regulatory parking spot to place an inductive 
charger would be the one located next to the departure platform number 1. 

 
Figure 23: Inductive charger at the first regulatory parking slot by the arrival platform 

The alignment between the slab and the receiver becomes troublesome when installing inductive chargers 
at platforms or parallel parking spots. Not all buses would have the receiver placed at the same distance 
from the front axe (assumed to be at 0.25 m from the stopping blocks when parked).  
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Figure 24: Slab alignment considering different types of buses 

In order to allow buses with different dimensions use the same charger, the center of the slab should be 
placed at 3.3 m from the charging blocks. However, due to the characteristics of the platforms at Slussen 
the slab would have to be located farther: at least 5.85 m away from the stopping blocks. This solution 
may require specific training for drives and dedicated signaling to assist drivers park without the help of 
stopping blocks. 

 
Figure 25: Inductive charger at platform number 14 and possible location for the cooling unit 

Similarly, if Bombardier’s base-indications were followed, it would be impossible to place the charger´s 
cooling unit in the platform area. Therefore, the only possibility to install the cooling unit will be to use 
the corridor connecting the waiting hall and the departure platforms. An alternative layout allowing the 
cooling unit to be placed in the platform would solve the problem. However, such solutions would need 
to be approved by Bombardier. 

 
Figure 26: Inductive charger in regulatory parking slot next to platform 1 and possible location for the cooling unit 
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The extra space at the regulatory parking spot next to platform 1 combined with the possibility of placing 
the cooling unit in the nearby corridor, have been the drivers behind selecting that parking spot to install 
one of the inductive chargers. The secondary substation could be placed in the position proposed in the 
conductive solution. 

In conclusion it can be said that although both technologies could be installed, none offers a fully 
satisfactory solution for the bus terminal in Slussen. The optimal solution will have to be based on a 
tradeoff between passenger comfort, driver comfort, operations and cost. As a consequence of the special 
characteristics of the terminal a deeper involvement of stakeholders such as SL, bus manufactures, 
chargers or passengers will be require in order to agree on the final layout. 

4.2.2 Partial electrification of bus services at Odenplan 
In this scenario several bus routes operating through Odenplan are electrified and expected to charge their 
batteries while stopping at their stops in the area. 

Table 9: Routes charging at Odenplan and corresponding stops 

Route Stop 

Rote 4: Radiohuset-Gullmarsplan F 

Route 67: Skansen-Frösundavik F 

Route 73: Ropsten-Karolinska Institutet F 

Route 94: Radiohuset-Gullmarsplan F 

Route  96:  Odenplan-Si ck la  Udde  F (end stop) 

Route  69:  Karo l inska Ins t i tu t e t -Blo ckhudsudden/Kaknästorne t  H 

 

 
Figure 27: Location of stops F and H in Odenplan 

Six different solutions (three conductive and three inductive) are presented for this scenario in Odenplan. 
The first two solutions are based on the current stops used by the selected routes. The following two 
solutions on the other hand, provide a more cost efficient layout by moving route 69 and its charger to a 
more cost-effective location. The last two solutions, which are based in the previous two, add a second 
charger at stop F in order to reduce the number of simultaneous bus arrivals at the chargers at stop F. 
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Table 10: Solutions for the partial electrification of bus services in Odenplan 

A1-Conductive chargers at the current stops 

A2-Inductive chargers at the current stops 

B1 -Conductive chargers moving route 69 to stop M 

B2 -Inductive chargers moving route 69 to stop M 

C1 –B1 +splitting F into 2 chargers 

C2 –B2 +splitting F into 2 chargers 

 

As mentioned in the case of Södermalmstorg, connecting the chargers to the grid is a major issue in 
Odenplan (assuming that no capacity would be available in the area to connect the chargers). A dedicated 
secondary substation would also be required in this location. This secondary substation will be placed in 
the corner of Odenplan where Karlbergsvägen and Odengatan meet. The same location for the 
construction of the secondary substation will be used in all solutions for Odenplan. This substation will be 
connected on medium voltage to the closest connection point to the electrical grid, which is located at 
Sveavägen 148. This means that a nearly 900 m connection would be required. Consequently, the cost and 
complexity of the project will significantly increase. 

 
Figure 28: Location of substations in solutions with conductive chargers (right) 

Figure 29: Distance and possible path of medium voltage cables between secondary substation and connection point to the grid (left) 

Same as in the case of Slussen, the existence of commuter train and underground stops in the area may 
enable connecting the chargers to substations used by the underground. Although it is unclear if such 
substations are located in Odenplan or if enough capacity would be available. In case of this connection 
being possible, the total cost of each solution could be significantly reduced as a consequence of the 
reduction on the distance of the connection to the grid. 

The first two solutions for Odenplan, A1 and A2, are based on the location of the current bus stops used 
by routes 4, 67, 69, 73, 94 and 96. 
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Figure 30: Conductive charge rat stop H, A1 solution (right) Figure31: Conductive charger at stop F, A1 solution (left) 

In the case A1, the charging cabinet of the charger at stop H has been placed at the opposite side of the 
street due to the reduced available space around stop H. Both chargers can be connected to the same 
secondary substation, which would require a capacity of at least 1,350 kVA. The same substation will be 
used for both types of chargers. 

 
Figure 32: Conductive chargers solution at the current stops F and M 

The proposal for inductive chargers (A2) is almost identical to the conductive one. The cooling units 
would be the only equipment standing on the sidewalk and could be placed at the most convenient place 
(by the fence of Gustav Vasa church at stop H and somewhere in the vicinity of the charger in the case of 
stop F), as far as the requirements of both the manufacturer and SL are met. 

Same as in the case of Södermalmstorg, the risk of simultaneous arrivals at stop F would be significant 
due to the high amount of routes serving Odenplan. The analysis of the schedules of the selected routes 
shows 20 simultaneous arrivals at stop F during a regular operation day (given Wednesday in March). 

Table 11: Conflicts at stop F in Odenplan 

Conflicting routes Number of conflicts per day 

4-67 11 

4-73 5 

67-73 4 

 

Queuing at chargers as a consequence of simultaneous arrivals is a complex issue and no easy solution can 
be applied, but installing more chargers or adapting the time schedules to cope with the extra charging 
time could lessen its effects. 

Due to the high investment cost linked to the construction of charging infrastructure, it is desirable to 
serve the highest number of services with the lowest amount of chargers. In line with this statement, two 
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alternative solutions (B1 and B2) have been created by moving bus 69’s stop to stop M. These solutions 
will increase the cost efficiency of building the charger assigned to route 69 by enabling electrifying routes 
516, 526 and 565 (routes using stop M) in the future.  

 
Figure 33: Change of location of stop of bus 69 

Considering that route 69 turns right on Karlbergsvägen to continue down Upplandsgatan towards its 
next stop in Observatoriegatan, there are two possible locations to relocate the charger without affecting 
the route: stop M or A. The possibility of moving route 69 to stop B or C has been discarded as a 
consequence of the big detour (down Odengatan and Sveavägen) this change would induce in the route of 
the buses towards their next stop. The analysis of the impact of relocating route 69 shows that moving it 
to stop A would create 11 simultaneous arrivals (4 with route 72 and 7 with route 515), while moving it to 
stop M would only produce one (between route 69 and 526). As a consequence the latter stop has been 
selected to host route 69 and its charger. 

A sole substation same to the one in the previous solutions (A1 and A2) would be required both for 
conductive and inductive solutions. 

 
Figure 34: Conductive charger at Karlbergsvägen in solution B1 

Placing the charging cabinet is the main issue at stop M, as less space would be available due to the width 
of the sidewalk and the trees located nearby. Consequently, the charging cabinet would be placed at a 
distance of 1 m from the curb, minimizing the impact of the charging cabinet to pedestrians. This location 
conflicts with SL’s bus stop manual. However, the only alternative to comply with that manual would be 
to place the cabinet somewhere in Odenplan and the cost would increase as a consequence.  

The inductive variant (B2) solves the charging cabinet issue, although the cooling unit will still be an 
obstacle. Its reduced size reduces its impact and enables placing it by the fence of Gustav Vasa church.  
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Figure 35: Inductive charger at Karlbergsvägen in solution B2 

In order to provide a solution with a lower amount of simultaneous arrivals and queues, two additional 
solutions have been created (based on B1 and B2). Building an additional charger at stop F would enable 
reducing the amount of simultaneous arrivals at that stop by 80% (from 20 to 4). To achieve this 
reduction one of the chargers would be dedicated to route 4, while routes 67 and 73 would use the other 
charger. Routes 94 and 96 could use any of the chargers. All three chargers could be connected to a single 
secondary substation with a minimum capacity of 2,025 kVA.  

 
Figure 36: Position of chargers at stop F solution C1 Figure 37: Position of inductive chargers at stop F in solution C2 

In some cases, the charger used by route 4 would be free to be used when a simultaneous arrival of buses 
from routes 67 and 73 occurs. Similarly, considering that route 73 would also charge at Ropsten and 
Karolinska Institutet, its need for charging at Odenplan could be lower than in the case of route 4 or 67. 
Therefore, if the operation of these routes were optimized, it would be possible to further decrease the 
number of simultaneous arrivals. 

When building chargers for electric buses it is important to consider the turning angle of the various types 
of buses in order to leave enough space between chargers so that when two buses are simultaneously 
charging, the bus using the second charger has enough space to leave the charger without significant 
maneuvers. These chargers have been placed considering this safety distance in both solutions. 

4.2.3 Full electrification of bus services in Södermalmstorg and the 
new bus terminal at Slussen 

An analysis of the feasibility of a future electrification of all bus services at Södermalmstorg shows that 
building three chargers could electrify all routes. None of them would exceed the limit of 10 
conflicts/day/charger. In this solution, the least conflicting setup requires installing chargers in different 
directions. For instance, routes 2, 76, 93 and 96 will be charged at the stop located closest to the new 
Katarinavägen instead of the stop on the side of the city museum. 

 

 



45 
 

Table 12: Route layout and number of conflicts at each charger 

Routes at each charger  Location of the charger Total number of conflicts 

2-76-93-96 Katarinavägen (Katarinaparken sidewalk) 5 

3-53-193-194-195 Katarinavägen (Ryssgården sidewalk) 10 

55-57-59-191-192 Hornsgatan (Södermalmstorg sidewalk) 5 

 

The secondary substation will be placed on the edge of the new Katarinaparken in both solutions for the 
full electrification of Södermalmstorg, following the recommendations of the city of Stockholm regarding 
the placement of electrical equipment/buildings on streets and parks. This substation will required a 
minimum capacity of 2,025 kVA in order to connect all three chargers. 

 
Figure 38: Overview of Södermalmstorg, full electrification solution with conductive chargers 

 
Figure 39: Charger at Hornsgatan, full electrification with conductive chargers (right) 

Figure 40: Charger at Katarinavägen (by Katarinaparken), full electrification with conductive chargers (left) 
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The charging cabinet of the charger used by routes 2, 76, 93 and 96 has been placed behind the mast in 
order to reduce the area used by the charging station and to avoid interfering with the pedestrian crossing. 

The inductive solution for the complete electrification of bus services at Södermalmstorg does not differ 
much from the conductive version, as the chargers are located in the same stops.  

 
Figure 41: Overview of Södermalmstorg, full electrification solution with inductive chargers 

It can be concluded that the full electrification of bus services in Södermalmstorg is viable, as per the 
available space, the characteristics of the area and bus operations. This area offers extra flexibility 
regarding space and schedules compared to Odenplan. The installation of chargers in this area may help 
lower the pressure on Odenplan, as routes 2 and 96 operate at both locations and route 2 alone has an 
average of 157 services in each direction every day. 

Following the example of Södermalmstorg, the full electrification of bus routes operating at the new 
Slussen bus terminal has also been assessed. Based on the same assumptions and charging scheme used 
for the partial electrification scenario, a minimum of 15 chargers would be required to electrify all routes 
at the terminal. Three chargers would need to be allocated exclusively to routes 471, 474 and 442/442X. 
The shortest gap between departures for these routes is between 6 and 5 minutes; therefore a full 7 minute 
charge would not be possible. Although this situation is not optimal, it would be compulsory in order to 
electrify all routes with 15 chargers. Consequently, these routes may require a top-up charge along their 
routes to ensure a fully electric operation. Night buses 491, 492, 496 and 497 would also use these three 
chargers. The other 12 chargers will be built at regulatory parking spots: 10 in the regulatory parking spots 
next to the arrival platform (south side of the terminal) and two in any of the parking spots in the 
departure area (north side of the terminal). 
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Figure 42: Overview of Slussen bus terminal, full electrification solution with conductive chargers 

A secondary substation with a minimum capacity of 10,125 kVA would be required to connect all 15 
chargers to the grid. It may be complicated to find a powerful enough substation, which could be fitted in 
the available space. Therefore, it has been assumed that the chargers would be connected to three 
substations with a capacity of 3,500 kVA each. Two of them will be placed on the south side of the 
terminal, on the space to the right of the regulatory parking spots by the arrival platform, while the third 
secondary substation would be placed to the left of the regulatory parking spot next to platform 1 on the 
north side of the terminal. Each of the secondary substations will have 5 chargers connected. The three 
chargers on platforms and the two installed at the regulatory parking spots to the right of the departure 
platforms will be connected to the substation to the left of platform number 1, while the rest of the 
chargers will be connected to the other two substations by the arrival platform. 

 
Figure 43: Chargers at platforms 1 and 3, Slussen full electrification scenario with conductive chargers 

 
Figure 44: Chargers at regulatory parking slots next to platform 17, Slussen full electrification scenario with conductive chargers 
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Figure 45: Chargers at regulatory parking slots by arrival platform, Slussen full electrification solution 

Operating the chargers under the proposed time-slot scheme requires a high-efficiency operation, as each 
time slot is carefully planned to meet the assumptions and the schedules. In the future the traffic at the 
terminal is expected to decrease once the new underground line towards Nacka is built, so the schedule 
could be loosen, making easier the operation of the chargers. 

The possibility of using inductive chargers instead of conductive chargers has also been assessed, but the 
results are not as favorable as in the conductive option. As a consequence of the lack of space to install 
inductive chargers in between parking spots in the regulatory parking area by the arrival platform, the sole 
possibility to fully electrify the terminal only using inductive chargers would be to use the departure 
platforms to charge the buses. This option would require using 16 chargers instead of the proposed 15, as 
16 platforms are expected to be used by the routes operating at the terminal. The dwell time in between 
departures at several of these platforms would not allow to fully charge the batteries, requiring extra 
charging locations along the routes of the buses to enable running the entire route on electricity. However, 
not all routes would have the same energy requirements, and therefore different charging times may be 
required for each of them. The following table presents the minimum time between departures at each 
platform. 

Table 13: Minimum time between departures at Slussen bus terminal 

Platform Routes Minimum time between departures 

1 471 6 minutes 

2 401 and 403 2 minutes 

3 474 5 minutes 

4 402 and 449 0 minutes (two simultaneous departures at 16:45), 
otherwise 2 minutes 

5 409 and 401 3 minutes 

6 413 and 414 3 minutes 

7 446 and 447 5 minutes 

9 441, 444 and 445 2 minutes 

10 443 5 minutes 

11 442 and 442X 7 minutes 

12 420 and 422 4 minutes 

13 435, 436, 437, 439 and 440 5 minutes 

14 423 and 425 8 minutes 
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15 433 10 minutes 

16 434 10 minutes 

17 428X, 429X and 430X 10 minutes 

 

Therefore, the possibility of only using inductive chargers to fully electrify all bus routes at the Slussen bus 
terminal has been discarded. 

In conclusion, if full electrification of bus services at the new terminal in Slussen is aimed, conductive 
chargers or a combination of conductive and inductive chargers should be used. If the latter option is 
selected, a thorough investigation on the electrification possibilities of each platform should be conducted 
considering the characteristics of each bus route, the buses used and the capacity of the batteries. 
However, a re-arrangement of the current services by optimizing the timetables and the usage of the 
platforms, combined with high power chargers (450 kW or higher) may enable electrifying all the routes at 
the Slussen bus terminal only using inductive chargers.  

The main drawback for the full electrification of Slussen would be the high number of chargers required. 
The overall number of chargers required could be lowered if longest-distance routes to Värmdö would be 
operated using alternative renewable fuels such as biofuels. Such decision would enable a reduction in the 
total number of chargers required if a 100% renewable bus fleet is aimed. 

4.2.4 Full electrification of bus services in Odenplan 
In order to assess the feasibility of electrifying all routes operating at Odenplan, the timetables of all routes 
have been analyzed. This analysis shows that the current route distribution (at the stops) is not compatible 
with charging operations due to the high number of simultaneous arrivals at some stops. Consequently; a 
new distribution would be required. For this purpose two different solutions (each with conductive and 
inductive variants) have been created: one using four chargers and another solution using five. The 
difference between these two solutions is the number of maximum conflicts allowed at each stop: no 
more than 10 conflicts/day/charger in the five-charger solution. Two options to build the chargers are 
offered for each solution based on the number of simultaneous arrivals (considering the new route 
distribution): to either install all of them in Karlbergsvägen or in Odengatan/Upplandsgatan. Maintaining 
the current routes of the buses in the area has been prioritized in the new distribution.  

Table 14: Route layout and number of conflicts at each charger depending on the direction of the service (4 chargers) 

Routes at each charger 
(Odengatan - Upplandsgatan) 

Number of 
conflicts 

Routes at each charger 
(Karlbergsvägen) 

Number of 
conflicts 

2-72-595 9 2-61-690-691 7 

4-516-526-565-94-96 7 4-72-94-96 9 

50-61-515 9 50-69-73-595 13 

67-69-73-690-691 7 67-515-516-526-565 14 

 

The placement of night routes 94, 96, 595, 690 and 691 is more flexible as a consequence of the lack of 
conflicts between them. For routes originating at Odenplan (690 and 691), the best option would be to 
charge them at their departure stops, taking advantage of the dwell time in between services. The rest of 
night routes could be placed according to the current placement or by grouping them depending on their 
destinations for example. 
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Figure 46: Overview of Odenplan in the full electrification case, solution using 4 conductive chargers 

 
Figure 47: Conductive chargers at stops F and G in Odenplan in the full electrification case. 4-charger solution 

In the four-charger solutions, three chargers have been installed in the Odengatan-side of Odenplan and 
one in the Upplandsgatan side. To ease bus operations and considering the possibilities of queues, the 
chargers have been placed in such a way that another 18 m articulated bus could be parked in between 
charging buses without blocking any charger.  

 
Figure 48: Conductive chargers at stops M and A in Karlbergsvägen in the full electrification case, 4-charger solution 

If chargers were installed at stops M, A or C, the cabinets would have to be placed in a similar way as in 
the partial electrification solution B1, subsequently arising the same issues regarding its impact.  
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Figure 49: Location of the secondary substation in the full electrification case, 4-charger solution 

A bigger secondary substation, with a minimum capacity of 2,700 kVA, will be required to connect all four 
chargers in both solutions. As a consequence of its bigger dimensions, it may conflict with the street 
furniture placed nearby. 

 
Figure 50: Overview of Odenplan in the full electrification case, solution using 4 inductive chargers 

The main difference between the inductive and the conductive variant of the four-charger solution is that 
it would not be possible to park an 18 m bus in between chargers as in the conductive version, unless the 
shelters of bus stops F and G are moved. However, a 12 m bus could be parked in between charging 
buses (18 m) without moving the shelters and relocating the chargers. 

 
Figure 51: Overview of Odenplan in the full electrification case, solution using 5 conductive chargers 

As mentioned before, building a fifth charger could reduce the number of simultaneous arrivals, as shown 
in Table 15. This new charger could either be built close to the subway entrance in Karlbergsvägen or in 
Upplandsgatan behind the other charger at stop J. Placing the charger behind stop J would prevent buses 
from blocking the intersection between Upplandsgatan and Odengatan while waiting to charge.  
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Table 15: Route layout and number of conflicts at each charger depending on the direction of the service (5 chargers) 

Routes at each charger 
(Odengatan - Upplandsgatan) 

Number of 
conflicts 

Routes at each charger 
(Karlbergsvägen) 

Number of 
conflicts 

2-516-526-565 9 2-61-690-691 7 

4-73-94-96 8 4-94-96 0 

50-67 4 50-73 5 

61-515-690-691 1 67-515 5 

69-72-595 3 69-72-516-526-565-595 7 

 

As a consequence of the construction of an additional charger, the required capacity of the secondary 
substation will increase to 3,375 kVA in both solutions.  

 
Figure 52: Chargers by stop B, full electrification with 5 conductive chargers 

The area next to the subway entrance would be the only placed available to install the additional charger in 
Karlbergsvägen. The area in front of the subway does not offer enough space to place the charging 
cabinets without conflicting with SL’s stop manual. As a consequence the only option would be to install 
the additional charger at stop B, moving the charger previously installed back (towards the pedestrian 
crossing) in order to allow two 18 m buses to charger simultaneously. One of the charging cabinets could 
be placed against the wall of the underground entrance, reducing its visual impact. However, this location 
can conflict with the benches located in that area or leave little space for pedestrians to walk in between 
them.  

 
Figure 53: Chargers around stop F, full electrification with 5 conductive chargers 
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The inductive version of the five-charger solution has a similar placement of chargers as the conductive 
solution. Following the example of the 4-charger solution, each charger has been placed so as to allow 
extra buses to park between charging buses. The chargers in the Karlbergsvägen and Odengatan side of 
the square provide enough space to park 12 m buses in between. 18 m buses could be parked there if the 
shelters of the stops are moved to allow an optimal spacing between chargers. However, this option may 
not be possible at stop C due to the nearby column. 

 
Figure 54: Overview of Odenplan in the full electrification case, full electrification with 5 inductive chargers 

 
Figure 55: Chargers at Karlbergsvägen (at the square), full electrification with 5 inductive chargers 

 
Figure 56: Chargers at Odengatan, full electrification with 5 inductive chargers 

The sidewalk on the Odengatan side of Gustav Vasa church could also be used to install an additional 
charger, but the space available is significantly lower than in the area of the square and this option could 
be especially bothersome for pedestrians. 

In conclusion, the full electrification of bus services in Odenplan would be viable as per the available 
space, the characteristics of the area and the bus operations. Although due to the high number of services 
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to be electrified, queuing as a consequence of simultaneous bus arrivals should be carefully analyzed; not 
only for operational reasons but also because the space available is already almost covered in the full 
electrification scenarios. The main issue to fully electrify Odenplan would be the number of chargers 
required. As mentioned in the case of Slussen, it is highly doubtful that electric buses would operate all 
bus routes in Stockholm in the future. Biofuels would probably be a better fit for longer-range routes. As 
a consequence, a lower number of chargers may be required to fully electrify Slussen in the future. 

4.3 Economic requirements 
The cost of each of the presented solutions has been calculated. Table 16 summarizes the total cost for 
each solution divided by location and case. 

For the calculation of the total cost of each solution the following cost areas have been considered: the 
cost of the chargers, the cost of building the connection to the electricity grid (cost of substation, 
connection fee cost, etc.), the required permits and other costs (civil works, labor, etc.).  

 

Eq. 1:  Total cost = Cost of Chargers + Cost of grid connection + Cost of permits + Cost of civil works, labor and others 

Each of these sections is composed by various elements, which add up to the total cost. A detailed view of 
which parameters have been considered for the calculation of the cost of each solution can be found in 
Appendix B. 

Table 16: Budget summary 

Location Case Solution 
Total cost 

(SEK) 

Odenplan 

Partial electrification 

Conductive at current stops 19,640,042.5 

Inductive at current stops 19,047,082.5 
Conductive transferring route 69 to stop M 19,810,480 

Inductive transferring route 69 to stop M 19,217,520 

Conductive with two chargers at stop F 23,835,510 

Inductive with two chargers at stop F 22,923,570 

Full electrification 

4 conductive chargers 27,739,565 
4 inductive chargers 26,491,770 
5 conductive chargers 31,725,570 
5 inductive chargers 30,175,670 

Södermalmstorg 
Partial electrification 

Conductive technology 12,985,007.5 
Inductive technology 12,594,207.5 

Full electrification 
Conductive technology 21,517,697.5 
Inductive technology 20,556,257.5 

Slussen new bus 
terminal 

Partial electrification 
Conductive technology 17,706,032.5 
Inductive technology 16,456,982.5 

Full electrification Conductive technology 66,289,582.5 
 

In all cases it can be seen that solutions using inductive technology have an overall lower cost that 
solutions using conductive technology. The main reason behind this difference is the higher cost of 
conductive chargers compared to inductive ones. However the difference between both options is 
reduced as a consequence of the extra fenced area required by the construction of inductive chargers. 
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Figure 57: Cost distribution (%) 

If the cost of each solution is analyzed in detail, it can be seen that the cost of the chargers and the cost of 
connecting these to the grid accounts for the majority of the budget. As it can be seen in Figure 57, the 
connection cost accounts for over 50% of the total budget in some of the cases with lower amounts of 
chargers. The requirement of new substations and long-distance connections are the main reasons behind 
these high figures. In solutions with higher number of chargers, the weight of the grid connection in the 
overall budget is lower, although still representing a significant cost. 
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Figure 58: Cost distribution (Million SEK) 

Depending on the location, the cost of connecting the chargers to the grid ranges between 6,35M SEK 
(partial electrification of the bus terminal in Slussen) and 15,5M SEK (full electrification of the Slussen 
bus terminal). It can be said that on average, 10M SEK will need to be allocated for the connection of the 
chargers to the grid.  

As a consequence, it can be derived that the cost of the chargers becomes the main contributor in cases 
where more than four chargers are required. However, the two solutions for the partial electrification of 
the Slussen bus terminal do not follow this trend, as a consequence of the lower connection distance and 
the size of the area required to be fenced. Similarly, the two solutions for the full electrification of 
Odenplan using four chargers show different results depending on the selected technology. In the 
inductive solution the grid connection is still the main contribution to the budget; unlike in the conductive 
one.  

In all solutions, the weight of permits is noticeably low, never weighting more than 8.56%. The permit to 
install fences in public spaces is the most expensive of all permits, as in some cases a significant area is 
required to be fenced in order to build the infrastructure. 

The cost of civil works, labor and other actions shows a behavior similar to the cost of permits, as its 
weight never increases over 15.53% of the total (minimum of 8.71%). In this case, their influence is higher 
than that of permits mainly due to the cost of digging, but still far away from the weight of the cost of 
purchasing the chargers and their connection. 

Therefore, it can be said that the two main parameters affecting the cost of such electrification projects 
are the overall number of chargers and the distance between the secondary substations and the connection 
point to the grid. Appropriate planning and selection of locations could noticeably reduce these costs.  
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The possibility of connecting the chargers to substations used for the underground, tram or commuter 
trains should be analyzed, as it could considerably reduce the cost of the grid connection. The existence of 
underground and commuter train stations at Odenplan and Slussen could allow this possibility. The 
benefit of using these substations resides on the reduction of the distance between the secondary 
substation and the connection point to the grid. The reduction possibilities vary between locations, being 
Odenplan where the biggest reduction could be achieved (from 900 m to around 125 m) and Slussen 
where the reduction would have a lower impact (from 400 m to around 190 m). 

Table 17: Cost of alternative connection and potential savings 

Location Case Solution 
Alternative 
connection 
cost (SEK) 

Saving 
(SEK) 

Difference 
(%) 

Odenplan 

Partial 
electrification 

Conductive at current stops 10,146,292.5 -9,493,750 -48.34 
Inductive at current stops 9,553,332.5 -9,493,750 -49.84 
Conductive transferring 
route 69 to stop M 

10,316,730 -9,493,750 -47.92 

Inductive transferring route 
69 to stop M 

9,723,770 -9,493,750 -49.40 

Conductive with two 
chargers at stop F 

14,341,760 -9,493,750 -39.83 

Inductive with two 
chargers at stop F 

13,429,820 -9,493,750 -41.41 

Full 
electrification 

4 conductive chargers 18,245,815 -9,493,750 -34.22 

4 inductive chargers 16,998,020 -9493,750 -35.84 

5 conductive chargers 22,231,820 -9,493,750 -29.92 
5 inductive chargers 20,681,920 -9,493,750 -31.46 

Södermalmstorg 

Partial 
electrification 

Conductive technology 5,517,507.5 -7,467,500 -57.51 
Inductive technology 5,126,707.5 -7,467,500 -59.29 

Full 
electrification 

Conductive technology 14,371,447.5 -7,146,250 -33.21 
Inductive technology 13,410,007.5 -7,146,250 -34.76 

Slussen new bus 
terminal 

Partial 
electrification 

Conductive technology 15,133,532.5 -2,572,500 -14.53 

Inductive technology 13,884,482.5 -2,572,500 -15.63 
Full 

electrification 
Conductive technology 63,839,582.5 -2,450,000 -3.70 

 

An approximation of the savings arising from connecting the chargers to this type of substations has been 
made. As it can be seen in Table 17, the total cost of each solution is noticeably reduced if the chargers are 
connected to nearby underground or train stations. In the case of Odenplan, around 9.5M SEK could be 
saved. It must be noted that a deeper analysis of this options is required, in order to get a more realistic 
view of the possible savings as the distances assumed for these alternative connections may differ in 
reality. Even if the distance difference were not as high as presented in this study, the potential savings 
would still be significant enough to be considered. 

However, this type of connections may only be feasible for partial electrification scenarios, where fewer 
chargers are required, as the available capacity at these alternative substations may only allow the 
connection of a reduced number of chargers.  The difference between the potential savings in partial and 
full electrification scenarios does not differ greatly. Therefore potential savings linked to connecting 
chargers to substations used by the underground, commuter trains or trams are not exclusive linked to 
large-scale projects. 
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5 Permits and drawbacks 
This chapter presents the permits required for the completion of the different proposals presented in Chapter 4. 
Additionally, the main issues related to the expansion of electric bus services and their charging infrastructure 
in the city of Stockholm are discussed throughout this chapter.  

5.1 Permits 
Several different permits would be required to carry out the proposed solutions. The task of identifying 
which permits are required, who issues them and how much these cost (time and money wise) is a time 
consuming task that in many cases does not greatly differ between different projects. Having all the 
permits usually required for such projects identified, and all the related information put together, would 
increase the efficiency of the process and allow a better planning. 

The following table presents some of the most relevant permits required for construction works in public 
spaces in the city of Stockholm. These will apply in any project for the construction of chargers for 
electric buses inside the city limits. 

Table 18: Permits required for the installation of chargers in public spaces (Stockholm Stad, 2017e, 2017f, 2016) 

Permit 
Issuing 

institution 
Timing Price (SEK) 

Construction  
Stockholm City 
(city planning) 

Varying 10170 < 50 m2 

Excavation/opening Stockholm City 
6 weeks before - 5 

working days before 
 

Permission to store 
material on the street 

Police - Police administrative fee: 700 

Space usage 
Police and 

Stockholm City 
- 

-Police administrative fee: 700 

-<14 days: 260/day-100/day  

-15< days: 4240/m2/year - 
1220/m2/year  

-Minimum charge: 3690-1845 

Crane usage Police 
5 working days 

before 

-Police administrative fee: 700 

-<5 days: 1040 

-6-14 days: 1040-410 

-15< days: 4240/day-1220/day 
(no less than 3690) 

Traffic arrangement 
plan 

Approved by the 
Stockholm City 

6 weeks before 

-Approved: 1860  

-Rejected: 310 

-Digitalization fee: 310 

-Site visit: 930 

-Time fee (after the second 
week): 1650 
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For legal reasons, the electricity grid owner, Ellevio in this case, would need to grant permission to 
connect to the grid and therefore the project would to be discussed with them and their approval 
obtained. The length and cost of this process would depend on the complexity of the chosen solution and 
on the dialogue between all parties. Similarly, extra complications may arise as a consequence of the 
complexity of the chosen solution or additional changes may be required for Ellevio to approve the 
connection. In any case, this process of obtaining their approval would probably take several months. 
Having a final decision on the grid connection is vital for obtaining the rest of the permits, as most of 
them would vary depending on the chosen solution for connecting the chargers to the grid (digging 
permit, material stacking, usage of public space, etc.). 

Together with the application for the various permits required, regulations and laws have to be closely 
followed in order to comply with all the legal requirements. The city of Stockholm requires all 
construction works to comply with regulations regarding environment, workplace safety, signaling and any 
technical regulation applying to each case (electrical equipment regulations or bus operation and stops 
regulations for example in this case). Some of these are national regulations, while other only apply for the 
city of Stockholm or Stockholm County.  

5.2 Major obstacles for the electrification of public buses in 
Stockholm 

The spatial and operational analysis carried out in this thesis has shown some major obstacles regarding 
the construction of charging stations for electric buses. Some of them can be solved without extensive 
changes, but other will require a deeper analysis in order to find suitable options to solve them. 

One of the key issues appointed by several stakeholders and experts working on the field is the ownership 
of the chargers. Local authorities refuse to own charging stations of any type (Stockholms läns landsting, 
2016), even smaller ones aimed for light vehicles. This has been shown in the two electric bus trials carried 
out in the region, where public authorities refused to own the installations.  

In both cases the energy provider, Vattenfall, took charge of the stations. It may seem as an obvious 
option for the company, as they already own similar infrastructure focused on lighter vehicles. Another 
feasible candidate is Ellevio, owner of the electricity grid in Stockholm, which being the grid owner could 
consider the chargers as the end part of the grid and be interested in owning them. But it is not clear their 
willingness to own this kind of infrastructure. 

SL could also be a candidate to own the infrastructure, as they already own some electric infrastructure at 
some of their train stations. But the reluctance of public entities to owning this kind of infrastructure 
makes it unlikely for SL to end up being the owner of the infrastructure unless a clear decision is made in 
this sense. 

Owning the infrastructure could be an option for operators, the chargers could be taken as a similar asset 
as the buses or depots. However, the lifetime of the charging stations is significantly longer than the 
running period of the contracts, so if a company does not win the following contracts the benefits of 
owning the infrastructure may disappear for them. It may be possible to find a business case in which 
owning the charging infrastructure under those circumstances could result profitable, but such possibilities 
should be covered in future research. Operators would of course be owners of the chargers installed at 
their depots, but it is unlikely that any operator will be interested on owning charging stations out of their 
properties.  

In any case, the feasibility of these options depends on the profit that could be made out of the ownership 
of the infrastructure. This issue will require further analysis in the future as the number of chargers in the 
city increases. A long-lasting agreement should be pursued, an agreement that could be used for other 
projects without having to discuss the ownership issue for each project.  
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Similarly, currently it is not clear who should be responsible for the connection between the chargers (or 
secondary substation in these solutions) and the grid. As shown in the analysis, the long distances between 
the locations of the chargers and the connection points to the grid make the overall cost of the 
infrastructure grow significantly. The cost distribution between the owner of the infrastructure and the 
grid owner has to be assessed in case-by-case circumstances due to the magnitude of the project. The high 
cost of the works required is the main reason behind the issues to decide which stakeholder should take 
charge of their cost. Splitting the cost of the connection between the owner of the chargers and the grid 
owner is a feasible option, although how to split it would be the most complicated point to decide. All the 
parameters affecting the distribution of the cost should be analyzed in order to create legislation to 
regulate the issue. These discussions should be aimed at setting ground rules regarding the mentioned 
issues of ownership, responsibility and cost distribution among others. These ground rules should be able 
to be used in any future bus electrification project developed in Stockholm. Other municipalities in 
Sweden may also benefit from these ground rules if similar issues are encountered in their own projects. 

As mentioned before, chargers require a significant amount of space in order to be installed and not all 
bus stops offer enough space. Even in a full electrification scenario, not all stops in the Stockholm County 
will be used as charging stations, as only strategic locations will be used as charging points in order to 
ensure an efficient infrastructure (from both the economic and operational points of view). It has already 
been pointed out that using big transport hubs to install the charging infrastructure is the most efficient 
option for cities like Stockholm where the amount of buses and routes is high. Although the city admits 
that electric buses will be a key player in the future public transport system, the analysis of Slussen shows 
that electric buses have not been considered in the design of the terminal, as no proper space for the 
installation of the chargers is available. This thesis has only addressed one major bus terminal, but it is 
probable that if other similar locations are analyzed, similar results will be obtained. Having an 
infrastructure prepared for electric buses will foster their expansion by making easier, more efficient and 
cheaper the design and construction of the infrastructure. 

The lack of available capacity at centrally located substations represents a major drawback for the 
construction of chargers for electric buses, as it induces the requirement of dedicated secondary 
substations which increase the overall cost and complexity of a project. This issue is hard to fix, as the 
upgrading possibilities for most of the current substations are limited. Therefore alternative options need 
to be assessed. In the case of the locations analyzed in this thesis, the recommendation made by Ellevio 
has been to build dedicated substations, but other options also exist. One of the most interesting options 
is the usage of energy storage in the chargers to reduce their impact on the grid. Conductive chargers with 
storage capabilities are already available in the market, such as the Opbrid Busbaar (Opbrid, 2017) with 
battery buffer. Such options could be a solution for cases in which some capacity is available in the area 
and the number of chargers to be installed is low. The field of energy storage has been developing quickly 
in the last decade and it is expected to keep improving in the future, which may enable the connection of 
more chargers to the grid in city center locations without building new substations. In any case, if electric 
vehicles are meant to be a key player of the future transport sector, increased grid capacity will be 
required. As a consequence upgrades to the current transmission and distribution lines, as well as to the 
substations and transformers, will be required in the future. Upgrading the grid would be one of the major 
issues in future projects, as a consequence of the complexity of such projects and their high cost. 

Similarly, the option of connecting the chargers to substations used by rail or underground services should 
also be analyzed, considering that both locations have underground and local train stops nearby. As 
shown in the economic analysis, connecting the chargers to closer substations could have a significant 
impact on the budget and therefore this option should be explored. Although SL owns several substations 
used by the commuter train system, it is unclear if such substations would be available in Odenplan and 
Slussen, if their capacity would be enough and who is the owner. 

It has been noted during the previous sections that the current bus time schedules are not proper for 
electric bus operations. Most of the end stops offer sufficient dwell time to charge the batteries of a bus, 
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but as it has been explained in previous sections, big transport hubs offer a more efficient and cost 
effective alternative to place the chargers. But some of this locations do not offer dwell times long enough 
to allow full charges, being this situation even more severe in non-terminal transport hubs where buses 
stop for less than couple of minutes. With the current timetables a higher number of chargers than the 
optimal will be required to ensure an appropriate operation. 

In order to reduce the cost of electrifying bus services in Stockholm, timetables should account for 
charging periods at stops where buses are expected to charge in order to handle better the operation of 
electric buses and reduce the congestion at each charger. Even if timetables are set accordingly, the effects 
of traffic or weather can cause delays that could potentially congest the chargers or even make impossible 
their usage disable in the worst-case scenario. As a consequence, a deep analysis of the impact of traffic in 
the operation of electric buses and the subsequent congestion should be made. Similarly, choosing to 
charge the highest amount of buses with the lowest number of chargers contributes to congestion. If a 
systems view is used to decide in which locations inside the city the chargers will be installed, it will be 
possible to spread the chargers in such a way that congestion is kept low but probably increasing the 
number of chargers to be installed and therefore increasing the total cost. At any case, a tradeoff between 
the number of chargers, the routes to be electrified and the amount of simultaneous arrivals allowed at 
each charger has to be chosen in order to select the most beneficial option for all involved parties. 

Currently electric buses are not the first option for many contractors and this has become an issue for the 
expansion of electric bus operations. In the case of Stockholm, changing this situation is not an easy task, 
as contractors are free to select any type of bus, as long as it fits into the environmental requirements set 
by SL in each contract. SL should boost the usage of electric buses by setting electric bus quotas or 
obligations in the upcoming contracts, making it compulsory for contractors not only to operate electric 
buses but also to run hybrid vehicles on electricity. Right now there are no such requirements, as a 
consequence an operator could operate hybrid-electric buses without using electricity to fuel them at any 
point. This type of new requisites should be introduced in the upcoming contracts fostering the transitions 
from a fossil fuel based fleet to renewable energy based fleet. In the case of bus services procured by SL, 
all contracts end during the 2020-2030 decade, therefore it would be possible to plan how future electric 
bus operations will look like and to build the charging infrastructure in order to have a fully sustainable 
bus fleet by 2030 and meet the environmental targets set for the country.  
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6 Charging locations assessment framework 
This chapter presents framework for the analysis of charging locations created as a result of the previously 
shown analysis. The different steps required to develop an analysis for a charging station are present, as well 
as the possibilities to upscale the framework. 

6.1 Framework 
The analysis done for several locations in the Inner City of Stockholm has provided with first-hand 
information and experience regarding the placement of charging infrastructure and the analysis of 
potential locations. The previous analysis has been used to create a base-framework for the assessment of 
locations for electric bus charging stations based on the analysis of Odenplan and Slussen. This 
framework presents all the steps that should be followed in the process of electrifying a bus route, from 
the early stages where the consumption data is obtained in order to assess the suitability of electric buses, 
until the very last stage where the infrastructure is actually built, tested and enters into operation. 

Each city has its own peculiarities, same as some locations inside the same city may be completely 
different in many aspects. The version presented in this thesis is tailor-made for the city of Stockholm, 
due to the necessity to consider local regulations, stakeholders, public transport system and permits in 
order to make the framework as complete as possible. This information is location-dependent and 
therefore should be adjusted for each case in order to be able to use this framework in other projects 
outside Stockholm. The framework is built in such way that changes are easy to implement, as a 
consequence of the fragmentation of the tasks. The fragmentation of the sections, steps and tasks allows 
to use any section as a small framework itself, separated from the whole framework. Therefore, it is meant 
to be used both in the early stages of decision-making, such as in pre-feasibility studies, and in latter stages 
such as during the construction stage.  

As mentioned before, the table has been divided in sections according to the different stages of an 
electrification project focused on public buses. Each of the seven sections is divided in several tasks, 
which should be carried out before moving to the next step. For the majority of steps the order of 
completion is key, as some steps require data obtained in previous steps to be able to complete them. 
However, some of them can be done simultaneously, especially if they are located in the same section. 

The following table, Table 19, shows all the sections, steps and consideration the framework covers. 

Table 19: Location assessment framework 

Category Task Considerations 

Preparatory work 

Calculate energy 
requirements 

-Use a systems view 
-Calculate energy consumptions for each route using specific 
consumption data for each route and type of bus used to 
ensure data-reliability. 
-Carry out field studies if data is not available. 

Choose charging strategy 
-Depot, end-stop, along-the-route or combination. 
-Depending on the bus operations (dwell times, number of 
stops, distance of the route, environmental benefits, cost etc.). 

Identify potential 
locations 

-Which part of the city? 
-Type of location? Transport hubs? 
-Depot, end-stop, along-the-route stop. 
-Number of passengers per route/stop. 
-Number of routes using each stop. 
-Availability of space to build the infrastructure. 

Electric grid 
and capacity 

Locate closest grid 
connection-point 

-Distance to the substation. 
-Path of the electric line. 
-Low or medium voltage connection? 

Identify available capacity -There may be no capacity available in substations located in 
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populated areas. 
-A new substation only to cope with the chargers may be 
required. 

Calculate required 
capacity (approximation) 

-Decide on a technology and the power each charger will 
provide. 
-How many chargers can the current grid handle? 
-Make an approximate calculation of how many chargers will 
be required. 
-Is there enough capacity? 
-Is it cost-efficient to build a new substation for the chargers? 

Identify opportunities to 
reduce energy 
requirements 

-Can the substation be upgraded? 
-Can the energy requirement of the chargers be reduced? 
-Energy storage in the chargers? 
-Load management. 

(Calculate new substation 
requirements in case of 

not having enough 
capacity available) 

-Required capacity. 
-Possible providers. 
-Technology and shape. 
-Safety requirements. 
-Placement analysis: enough space to install it? 
-How much will the new substation cost? 
-Select provider and product. 

Impediment 
(DH+DC) 

Location of district 
heating lines 

-Chargers cannot be installed over district heating/cooling 
lines and therefore nearby lines have to be identified in order 
to avoid building over them. 
-Consult with the owner of the district heating system and/or 
order an underground line map to Stockholm Vatten. 
-If conflicting pipes are found, select alternative locations. 

Spatial and 
operational 

analysis 

Assess suitability of each 
technology 

-Are conductive or inductive chargers going to be installed? 
-Analyze advantages and disadvantages of each technology 
from the technical side. 
-Do any of the technologies have any limitation regarding the 
available space at the selected locations? 
-Which technology is better suited for the selected locations? 
-Which would be cheaper? 
-Is there any other issue the technologies may create? 

Operational issues 

-Which type of stop is it? 
-How many bus routes operate in the area?  
-How many bus routes used each bus stop? 
-Which are the time schedules for each route? 
-Are there simultaneous bus arrivals? 
-How are several buses handled at the same time? 
-Can the current situation cope with the charging stations? 
-Changes to schedules may be required to avoid congestion at 
the chargers. 
-Can the saturation issue be solved by re-arranging bus routes 
or new time schedules are required? 
-Which type of buses are used?  
-Which is the dwell time? 
-More buses required to operate the services? 

Space availability 

-Should the chargers be installed where the current bus stops 
are? Or at alternative locations? 
-Where are the pedestrian crossings located? 
-Which is the flow of buses? 
-Which is the flow of pedestrians in the area? 
-Which is the passenger flow? 
-How wide is the sidewalk? 
-Location of street furniture (lighting poles, traffic lights, bins, 
benches, sewers, tress, etc.).  
-May any of the street furniture represent an issue for the 
chargers and their installation? 
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-Special geometry of charger equipment required? 
-Grade the suitability of the possible specific locations. 

Identify required 
complimentary works 

-Digging holes and foundations. 
-Signaling (traffic, pedestrians, construction, travelers, etc.) 
-Deriving traffic during works. 
-Moving current bus shelters. 
-Moving street furniture. 

Foresee effects on 
surroundings (during and 

after construction) 

-Impact on traffic. 
-Impact on pedestrians. 
-Impact of passengers. 
-Environmental impact (pollution, noise, etc.). 
-Impact on bus schedules: modification of services, new rules, 
etc. 
-Impact on neighbors and in commerce. 
-Find solutions to lower the impact. 

Policies 

Identify laws and 
regulations to be followed 

-Construction laws. 
-Workplace safety laws. 
-Environmental Code 
-Noise regulation 
-Waste Plan. 
-Technical Handbook (Stockholm City). 
-Electrical equipment rules. 
-Mobile crane usage laws. 
-Material stacking rules in the street. 

Identify required permits 

-Construction permits issued by Stockholm City. 
-Excavation & opening permit issued by the Traffic Office at 
Stockholm City. 
-Issue traffic arrangement plan in connection to the 
excavation & opening permit. 
-Order underground water, electricity and heating pipe map 
from Stockholm Vatten. 
-Permit to stack material on the street in case of requiring it, 
issued by the police. 
-Permit to use public space issued by the police. 
-Circulation permit for heavy vehicles issued by the traffic 
office in case of needing it. 
-Permit for the usage of cranes or similar issued by the police. 
-Permits to connect to the electric grid. 
-Etc. 

Final decisions 

Confirm final location 

-Based on all the previous findings (spatial and operational 
analysis combined with regulations, laws and permits) a final 
decision should be taken. 
-Consensus between the PTA, operators, city and county 
should be reached. Other involved parties such as neighbors, 
commerce, electricity grid owner, and energy provider should 
also be allowed to present their thoughts on the project. 

Confirmation of the 
definitive number of 

chargers 

-Discussion on the number of chargers based on the findings 
from the previous stages and in connection with the final 
decision taken regarding the location of the chargers.  
-The PTA should present to both the city and the county a 
final solution after weighting the pros and cons of each case 
and solution. The involvement of the energy provider and the 
electricity grid owner is key, as their lack of collaboration 
could lead to severe misunderstandings and mistakes in the 
decision making stage. 
-Discussion must be carried out between all involved 
stakeholders: county, city, transport authority, contractors, 
electricity grid owner, energy provider, neighbors and 
commercial actors. 

Ownership and 
responsibilities discussion 

-Discuss and decide how to handle the ownership of the 
infrastructure and how the cost of the infrastructure will be 



65 
 

splitted among the stakeholders, considering both current and 
future costs. 
-Make clear the degree of responsibility of each stakeholder in 
each stage of the construction and operation process. 
-Pursue a long lasting agreement that could be used for future 
projects in case of being the first electrification project. 

Service procurement 

-The local transport authority should create new 
procurements for the electrification of bus services as not 
only new infrastructure is require but also new vehicles, 
changes to the operations and extra training for the workers.  
-Basis for future contract must be set. 
-Ways to ensure the usage of the charging infrastructure and 
the usage of electricity as a fuel have to be explored. 
-These should be discussed both with municipalities and the 
county, while offering possible contracting companies to 
opportunity to present their thoughts and reluctances. 

Construction, 
testing and 
operation 

Plan works 

-Time plan. 
-Budget. 
-Buying material and arrange its delivery. 
-Labor force. 
-Safety measures. 
-Impacts analysis 

Obtain permits 
-Consider the time required to fill the paperwork + 
bureaucracy. 
-Cost of the permits. 

Building of infrastructure -Construction of the chargers and related equipment 

Commissioning of the 
infrastructure 

-Test the chargers to ensure their proper functioning 
according to specifications and rules. 
-If flaws are found these need to be solved before operations 
are allowed. 

Carry out pre-operation 
test 

-Get familiarized with the chargers and electric buses during 
trials previous to entering into service. 

Start operations  
 

A more detailed version of the framework is available in the Appendix B in the form of a flow chart 
divided by sections. These flow charts also contain questions that should be considered during the 
assessment process. The flow charts offer a clear path to complete each stage by following all the steps 
and questions proposed. 

6.2 Upscaling 
For this framework to be successfully implemented, it should be able to be replicated and possible to 
export to different cities without requiring major changes.  

The time invested in the analysis during this thesis has been significantly higher than what it would be 
desirable. This is due to the lack of precedents for such analysis, combined with the necessity of a trial-
error process at some stages, which has increased the length of the process. Still, the framework could be 
improved to enable a faster analysis by debugging the analysis process. Having a clear vision of the 
procedure needed to be followed would speed up the whole analysis. 

The usage of more advanced assessment techniques, such as algorithms to find which route distribution 
has the lower number of simultaneous arrivals, will increase the efficiency of the project. One stage that 
could be significantly more efficient is the operational analysis. Entering all timetables for all bus routes in 
both directions for each locations and the analysis of conflicts are time consuming tasks. Creating a 
software to automatically sort routes according to timetables, dwell time, locations and directions would 
significantly shorten the time required to choose the best suiting layout. Similarly, being able to simulate a 
charger sharing scheme such as the one proposed for the bus terminal in Slussen will allow a faster 
analysis and it could be easy to replicate using different boundaries and assumptions. 
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In order to carry out the spatial analysis specific maps were drawn in AutoCAD for both Odenplan and 
Södermalmstorg. This ended up being a time consuming task that could be skipped by having access to 
reliable maps and updated data. In a real case project, maps purchased from Stockholm Vatten showing all 
the underground utility lines would have been used, allowing a faster and more detailed assessment. 
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7 Conclusions and recommendations 
This chapter presents conclusions based on the results obtained and presented in the previous chapter. Linked 
to the drawn conclusions, recommendations covering different aspects of infrastructure building for electric buses 
are presented in this chapter. The limitations of the study are also presented in this chapter. To conclude the 
chapter different proposals to develop the work through new research are proposed. 

7.1 Conclusions and recommendations 
Large-scale bus electrification in central Stockholm could be a reality in the following decade provided 
that an appropriate environment is created. The analysis of Odenplan and Slussen done in this thesis 
shows that these areas are not yet prepared to host electric bus charging operations. Consequently, 
changes would be required in many areas in order to make feasible the construction of charging facilities 
in Stockholm’s inner city. 

The current route and stop distribution, as shown in Odenplan and Södermalmstorg, is not compatible 
with an along-the-route charging strategy. Simultaneous bus arrivals are a common sight at almost all the 
bus stops analyzed in this study. If these stops (as they are today) would be used as charging locations, 
buses would have to queue on regular basis in order to charge, increasing the frequency of delays and the 
average travel time for the passenger. A more efficient distribution of routes at the current bus stops, by 
grouping them considering the number of theoretical simultaneous arrivals based on current timetables 
could improve the situation. Creating new bus stops could also be an option for locations such as 
Odenplan, where the majority of routes are concentrated in two stops (in each direction) located near the 
entrance to the subway. In the case of Odenplan it would be possible to set new bus stops in Odengatan, 
Karlbergsvägen and maybe in Upplandsgatan too. More bus stops would enable spreading the services 
further, but it may be difficult to set new bus stops at other locations in the inner city. 

Although this previous solutions reduce the total number of simultaneous arrivals, further changes would 
be required to ensure an efficient operation of the chargers. The timetables for each route should also be 
optimized, to properly address both along-the-route charging and end-stop charging. In the first case it 
would be necessary to spread services by changing the departure time of some of them to provide 
sufficient buffering time in between services to allow them charge the batteries. Another option would be 
to account for the charging time in the timetables, but this option would presumably increase the travel 
time if full charges are planned along-the-route. These measures are not focused on Odenplan and 
Slussen, as the same principle would probably have to be followed in other locations throughout the city. 

From an operational point of view, terminals offer good conditions to charge buses. These locations are 
served by many routes, have high volumes of passengers, offer regulatory parking slots or platforms that 
could be used to install the chargers and provide sufficient dwell time in between services to allow full 
charges. The analysis of the new Slussen bus terminal showed that this infrastructure does not provide an 
optimal environment to install chargers. Finding out that old bus terminals built before the expansion of 
electric buses are not prepared to handle charging stations should not be surprising, but that is not the 
case of Slussen as it will not enter into service until 2023. With the current design, chargers could be 
installed, but the terminal offers a lower degree of flexibility regarding infrastructure placement and 
technology selection, if compared to Odenplan and Södermalmstorg. If electric buses are meant to be the 
future of public bus services in Stockholm, bus terminals would have to be designed so as to provide a 
favorable environment for the installation of charging stations. 

Another of the changes required to foster electric bus services in Stockholm, and also in Sweden, is the 
creation of specific legislations in order to regulate their operation. The current body of legislation does 
not properly address electric buses and in some cases it directly affects their expansion possibilities. A 
good example is the regulation forbidding buses to charge while passengers are onboard. This rule 
impedes along-the-route charging, as passengers would have to disembark the bus to board again few 
minutes later when the charge has been completed, significantly increasing the travel time. Other 
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European countries such as Germany regulate the situations and allow passengers to stay inside the bus 
while being charged.  

As mentioned earlier, allowing such charging operations would make the operation of electric buses easier 
as they could be operated in more flexible ways. Another example are SL’s strict regulations regarding the 
surroundings of bus stops. As a consequence, the infrastructure has to be placed farther from the curb 
than as usual. This reflects on more complex infrastructure placement and additional costs for designing 
and implementing tailor-made solutions. Similarly, it would be impossible to build chargers at many 
locations unless these rules are changed. These are only two examples of how the current body of 
legislation is not ready for full-scale electric bus operations, but it is not the only thing public authorities 
should change.  

The expansion of electric bus services should be planned following the end of the current contract for the 
Inner City and Lidingö (E22). It is reasonable to think that the infrastructure would have to be ready to be 
used by the time this contract ends in 2026. Future procurements will have to deal with the issue of how 
to ensure electric bus operations by setting appropriate standards. Currently contractors are free to choose 
which type of fuel will be used to operate a contract as long as the environmental targets set by the PTA 
are met. For example, an operator would not be obliged to operate hybrid buses on electricity under the 
current contract. To avoid such cases, future contracts should include clauses to ensure that the already 
placed charging infrastructure is used and that the routes are indeed ran on electricity in cases where 
hybrid vehicles are used. The number of electric buses could be regulated by setting electric bus quotas in 
the contracts, or by providing companies with incentives for purchasing and using full-electric buses. 
Similarly, in the case of using hybrid buses, the operator should be obliged to run its routes on electricity 
as much as it is possible. This could be done by setting electricity usage obligations or by limiting the 
amount of kilometers run on fossil fuels. 

The analysis has shown how big the issue of connecting the chargers to the grid could be in centrally 
located locations. The lack of available capacity in many substations makes extra substations and long-
distance connections required. The case of Odenplan is extreme, as the distance between the square and 
the closest connection point to the grid is around 900 m. As a consequence in many cases the cost of 
connecting the charger to the grid becomes a major burden for the budget, accounting for up to almost 
65% of the total cost in some cases. This high cost make inviable building chargers at many locations and 
therefore alternatives to reduce this cost and increase the feasibility of these solutions should be found. As 
it has been mentioned before, connecting the chargers to substations used by other means of transport 
could be an alternative for both Odenplan and Slussen, but it will require extensive discussions between 
stakeholders in order to make these options possible. In a worst-case scenario, if no alternatives are found 
to reduce the impact of the grid connection in the budget, finding alternative locations may be required. 

Agreements would not only be required to allow connecting bus-chargers to subway or commuter train 
substations, but also for deciding who will take care of the installation or who will be responsible for its 
cost. Electric bus trials conducted in Stockholm and Södertälje have shown that both public and private 
entities are reluctant to own charging infrastructure and these issues are still ongoing. It is key for future 
projects to set basic rules regarding the ownership of the infrastructure, the responsibility of each 
stakeholder in each step throughout the lifetime of the infrastructure and the distribution of the cost. If 
achieved, these agreements could set an example not only for future projects in Stockholm County but 
also in other parts of Sweden or even abroad. 

With the current situation and based on the findings of this thesis, a future in which the whole bus system 
in Stockholm is fully electric does not seem too realistic. Electric buses may not be the best alternative for 
all routes. It is already been discussed the possibility of using biofuels for inter-city and suburban routes, 
while using electric buses for inner city routes. This strategy will consequently reduce the need of charging 
infrastructure, making electrification less costly and more appealing for stakeholders. Although full 
electrification projects offer the possibility of taking advantage of economies of scale, considering the 
current degree of maturity of charging technologies, a more conservative and stepped expansion could be 
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more suitable for Stockholm. The experience and notions gained through the electric bus trials carried out 
so far should be used in order to scale-up electric bus operations in the SL system. Future projects should 
clearly contribute to the expansion of electric buses by testing new technologies, charging strategies, 
locations or buses in an effort to gather as much information as possible to design the future electric bus 
system of Stockholm. 

7.2 Limitations of the study 
As it can be seen in the results section, this thesis has proven the feasibility of charging electric buses in 
central Stockholm. In a real case project, the outcome may differ from the results presented in this thesis 
as a consequence of the resources used and the assumptions and simplifications made. 

This thesis has been focused on Odenplan and the Slussen area but for an optimal analysis a broader view 
of the whole bus system in the city would be required. Many locations have overlapping routes whose 
charging has to be appropriately planned in order to redundancy and unnecessary infrastructure.  

The selection of the exact location of each charger could have been improved if maps showing 
underground utility lines would have been used. These type of maps can be purchased from Stockholm 
Vatten, but their usage has been discarded as a consequence of these maps not being freely available. 
Consequently, results drawn after considering the information extracted this type of maps may differ from 
the results presented in this thesis. 

Similarly, when designing the connection of the chargers to the grid the same type of maps are required to 
decide on the path the wiring will follow towards the connection point. For simplification purposes, the 
distance and path between the chargers/secondary substations and the connection point to the grid has 
been calculated using Google Maps and following the shortest path following the streets. In reality the 
distance will presumably be longer, further increasing the total cost of connecting the chargers to the grid. 

While calculating the number of conflicts at each charger no impact from the traffic or other external 
factors has been considered. Timetables are built considering average travel times between stops, but in 
reality heavy traffic significantly affects daily operations. Therefore, the number of conflicts for each 
charger may suffer significant alterations if traffic is accounted. Similarly, daily variations in traffic and 
weather will also affect the outcome. These conflicts are closely related to the time each bus requires to 
charge its batteries. In this study, except for the case of the Slussen bus terminal, no assessment of the 
time required by each route to charge the batteries has been done. This assessment will enrich the results, 
but it lays outside the scope and focus of this thesis and should be covered in future investigations. 

The prices used to calculate the cost of each solution are based on values used in previous studies on the 
topic concerning Stockholm, on data available at the web page of the city of Stockholm and on 
discussions with experts on the topic. In each solution the total cost has been obtained after multiplying 
the corresponding price with a certain factor. Some of these factors are the area required to be fenced or 
the area used to stack material. Some of these factors have been based on personal judgment and 
therefore may affect the outcome of the cost calculations. The usage of different prices or multiplying 
factors will consequently result in different total costs compared to the ones presented in this thesis. 
Similarly, using different sources to obtain the required prices will also result in different total costs. 

7.3 Future work 
This thesis has only analyzed possible conflicts at the chargers based on the current timetables. But as 
stated before, analyzing the impact that traffic may have on the usage of the chargers would be important 
for the optimization of the number of chargers required and to increase the degree of realism of the 
solutions. 

The cost of connecting the chargers to the grid has been recognized as one of the major issues of 
installing chargers and therefore ways of reducing the cost should be analyzed. Therefore, further 
investigation regarding energy storage, capacity reduction and alternative connection points to the grid 
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would be valuable to plan future infrastructure construction. Similarly, the impact that the electrification 
of the transport sector may have on the electricity grid should also be investigated, as it is already known 
that upgrades on both transmission and distribution lines all over Sweden would be required in other to 
allow a high penetration of electric vehicles in the transport sector. 

Further investigation should be carried out to analyze which are the real needs of electric buses regarding 
policies and propose new regulations based on the findings. Similarly, studying how new procurements 
can address electric buses and ensure their operation should also be examined in further investigations. 
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Appendix A 
The drawings made for each case and solutions are shown in this appendix. 
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Figure 59: Partial electrification of Odenplan using current stops, conductive version 
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Figure 60: Partial electrification of Odenplan using current stops, inductive version 
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Figure 61: Partial electrification of Odenplan changing route 69 to stop M, conductive version 
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Figure 62: Partial electrification of Odenplan changing route 69 to stop M, inductive version 
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Figure 63: Partial electrification of Odenplan changing route 69 to stop M and splitting stop F into 2 chargers, conductive version 
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Figure 64: Partial electrification of Odenplan changing route 69 to stop M and splitting stop F into 2 chargers, inductive version 
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Figure 65: Partial electrification of Södermalmstorg, conductive version 
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Figure 66: Partial electrification of Södermalmstorg, inductive version 
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Figure 67: Partial electrification of Slussen bus terminal, conductive version showing chargers at regulatory parking slots and platform 14 
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Figure 68: Partial electrification of Slussen bus terminal, inductive version 
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Figure 69: Full electrification of Odenplan using 4 conductive chargers 
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Figure 70: Full electrification of Odenplan using 4 inductive chargers 
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Figure 71: Full electrification of Odenplan using 5 conductive chargers 
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Figure 72: Full electrification of Odenplan using 5 inductive chargers 
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Figure 73: Full electrification of Södermalmstorg, conductive version 
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Figure 74: Full electrification of Södermalmstorg, inductive version 
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Figure 75: Full electrification of Slussen bus terminal using conductive chargers 



94 
 

Appendix B 
This appendix presents the tables containing all the calculations done in each case and solution to obtain the total cost of the project. These budget tables also show 
the weight of each cost group on the overall budget. 
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Table 20: Budget for partial electrification of Odenplan using the current stops 

Unitary	cost Number	of	units
SEK Common Conductive Inductive

27,49 23,10
Secondary	substation	 SEK/kVA 1000 1350 1350000

Start	up	cost SEK/substation 100000 1 100000

Subtotal 10600300 53,97 55,65 -7750000

Basic	fee	(SEK/order	
area)	+	MOMS

800 1 1000

Inner	city	(SEK/ha)	+	
MOMS

1350 7 11812,5

Police	fee 700 1 700
<	5	days 1040 1 1040

Fenced	area A	zone	(SEK/m2) 4240 varying 610560 1017600
Police	fee 700 1 700
>15	days	

(SEK/m2/year)
4240 20 84800

Granted 1860 1 1860
Site	visit	(SEK/visit) 930 5 4650
Time	fee	(SEK/after	

second	week)
1650 3 4950

Building	permit 1-50	m2 13560 0,75 10170
Subtotal 732242,5 1139282,5 3,73 5,98 732242,5 1139282,5

Civil	works	and	labour	costs 250000 2 500000
Digging	 SEK/m 2250 1070 2407500
Subtotal 2907500 14,80 15,26 -1743750

19640042,5 19047083 100,00 100,00 10146292,5 9553332,5 -9493750

Odenplan	partial	electrification	using	current	
bus	stops

Comments

Siemens	conductive	chargers 2700000 2

Bombardier	conductive	chargers 2200000 2

Connection	fee 150300

10000 900

Total	cost	(SEK)

SEK/m

SEK/every	
exceeded	100	kW

Chargers

Electric	grid

Civil	works,	
labour,	etc.

Permits

Collection	map

Mobile	crane

Traffic	arrangement	plan

Material	sacs

4400000

Connection	to	the	grid	(MV)

4400000

Alternative	connection

16700 9

9000000

Total	base	cost	

5400000

1163750

500000
663750

DifferencePercentage	over	total

1350000

100000

150300

2850300

1250000

5400000
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Table 21: Budget for partial electrification of Odenplan changing route 69 to stop M 

Unitary	cost Number	of	units
SEK Common Conductive Inductive

Siemens	conductive	chargers 2700000 2 5400000 5400000

27,26 22,90
Secondary	substation SEK/kVA 1000 1350 1350000

SEK/m

Start	up	cost SEK/substation 100000 1 100000

Subtotal 10600300 53,51 55,16 -7750000
Basic	fee	

(SEK/order	area	+	
MOMS)

800 1 1000

Inner	city	(SEK/ha	
+MOMS)

1350 8 13500

Police	fee 700 1 700
<	5	days 1040 1 1040

Fenced	area A	zone	(SEK/m) 4240 varying 610560 1017600
Police	fee 700 1 700
>15	days	

(SEK/m2/year)
4240 20 84800

Granted 1860 1 1860

Site	visit	(SEK/visit) 930 5 4650

Time	fee	
(SEK/after	second	

week)
1650 3 4950

Building	permit 1-50	m2 13560 0,75 10170
Subtotal 733930 1140970 3,70 5,94 733930 1140970

Civil	works	and	labour	costs 250000 2 500000
Digging SEK/m 2250 1145 2576250
Subtotal 3076250 15,53 16,01 -1743750

19810480 19217520 100,00 100,00 10316730 9723770 -9493750

Bombardier	conductive	chargers 2200000 2

Total	base	cost	(construction	and	derivates)

4400000

900 9000000

16700 9 150300

Total	cost	(SEK)

Material	sacs

Comments

Electric	grid

Odenplan	partial	electrification	moving	route	
69	to	stop	M

SEK/every	
exceeded	100	kW

Chargers

Permits

Collection	map

Mobile	crane

Traffic	arrangement	plan

Connection	fee

Connection	to	the	grid	(MV) 10000

Alternative	connection Difference

2850300

Civil	works,	
labour,	etc.

Percentage	over	total

4400000

1350000

1250000

100000

150300

500000
832500
1332500
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Table 22: Budget for partial electrification of Odenplan changing route 69 to stop M and splitting F into to chargers 

Unitary	cost Number	of	units

SEK Common Conductive Inductive
Siemens	conductive	chargers 2700000 3 8100000 8100000

33,98 28,79
Secondary	substation SEK/kVA 1000 2025 2025000

SEK/m

Start	up	cost SEK/substation 100000 1 100000

Subtotal 11358800 47,65 49,55
Basic	fee	(SEK/order	

area	+	MOMS)
800 1 1000

Inner	city	(SEK/ha	
+MOMS)

1350 8 13500

Police	fee 700 1 700
<	5	days 1040 1 1040

Fenced	area A	zone	(SEK/m) 4240 varying 873440 1484000
Police	fee 700 1 700

>15	days	(SEK/m2/year) 4240 30 127200

Granted 1860 1 1860

Site	visit	(SEK/visit) 930 5 4650

Time	fee	(SEK/after	
second	week)

1650 3 4950

Building	permit 1-50	m2 13560 0,75 10170
Subtotal 1039210 1649770 4,36 7,20 1039210 1649770

Civil	works	and	labour	costs 250000 3 750000
Digging SEK/m 2250 varying 2587500 2565000 843750 821250
Subtotal 3337500 3315000 14,00 14,46 1593750 1571250 -1743750 -1743750

23835510 22923570 100,00 100,00 14341760 13429820 -9493750 -9493750

Odenplan	partial	electrification	moving	route	69	
to	stop	M	and	splitting	stop	F	into	2	chargers

Comments
Total	base	cost	(construction	and	derivates) Percentage	over	

total

Chargers
Bombardier	conductive	chargers 2200000 3 6600000

Electric	grid

Connection	to	the	grid	(MV) 10000 900 9000000

Connection	fee
SEK/every	exceeded	100	

kW
16700 14 233800

Total	cost	(SEK)

Permits

Collection	map

Mobile	crane

Material	sacs

Traffic	arrangement	plan

Civil	works,	
labour,	etc.

Difference

-77500003608800

750000

Alternative	connection

6600000

2025000

1250000

100000

233800
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Table 23: Budget for partial electrification of Södermalmstorg 

Unitary	cost Number	of	units
SEK Common Conductive Inductive

Siemens	conductive	chargers 2700000 1 2700000 2700000

20,79 17,47
Secondary	substation SEK/kVA 1000 675 675000

SEK/m

Start	up	cost SEK/substation 100000 1 100000

Subtotal 7858500 60,52 62,40 -6050000
Basic	fee	(SEK/order	

area	+	MOMS)
800 1 1000

Inner	city	(SEK/ha	
+MOMS)

1350 17 28687,5

Police	fee 700 1 700
<	5	days 1040 1 1040

Fenced	area A	zone	(SEK/m) 4240 varying 381600 508800
Police	fee 700 1 700
>15	days	

(SEK/m2/year)
4240 10 42400

Granted 1860 1 1860
Site	visit	(SEK/visit) 930 5 4650
Time	fee	(SEK/after	

second	week)
1650 3 4950

Building	permit 1-50	m2 13560 0,75 10170
Subtotal 477757,5 604957,5 3,68 4,80 477757,5 604957,5

Civil	works	and	labour	costs 250000 1 250000
Digging SEK/m 2250 varying 1698750 1680750 281250 263250
Subtotal 1948750 1930750 15,01 15,33 531250 513250 -1417500

12985007,5 12594207,5 100,00 100,00 5517508 5126707,5 -7467500

Södermalmstorg	partial	electrification Comments
Total	base	cost	(construction	and	derivates) Percentage	over	

total

Chargers
Bombardier	conductive	chargers 2200000 1 2200000

700 7000000

Connection	fee
SEK/every	exceeded	

100	kW
16700 5 83500

950000

100000

83500

Total	cost	(SEK)

Permits

Collection	map

Mobile	crane

Material	sacs

Traffic	arrangement	plan

Civil	works,	
labour,	etc.

Electric	grid

Connection	to	the	grid	(MV) 10000

Alternative	connection Difference

2200000

675000

1808500

250000
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Table 24: Budget for partial electrification of Slussen bus terminal 

Unitary	cost Number	of	units
SEK Common Conductive Inductive

Siemens	conductive	chargers 2700000 3 8100000 8100000

45,75 40,10
Secondary	substation SEK/kVA 1000 2025 2025000

SEK/m

Start	up	cost SEK/substation 100000 1 100000

Subtotal 6358800 35,91 38,64
Basic	fee	(SEK/order	

area	+	MOMS)
800 1 1000

Inner	city	(SEK/ha	
+MOMS)

1350 3 5062,5

Police	fee 700 1 700
<	5	days 1040 1 1040

Fenced	area A	zone	(SEK/m) 4240 varying 1102400 1229600
Police	fee 700 1 700

>15	days	(SEK/m2/year) 4240 30 127200

Granted 1860 1 1860
Site	visit	(SEK/visit) 930 5 4650
Time	fee	(SEK/after	

second	week)
1650 3 4950

Building	permit 1-50	m2 13560 0,75 10170
Subtotal 1259732,5 1386932,5 7,11 8,43 1259732,5 1386932,5

Civil	works	and	labour	costs 250000 3 750000
Digging SEK/m 2250 varying 1237500 1361250 765000 888750
Subtotal 1987500 2111250 11,22 12,83 1515000 1638750 -472500 -472500

17706033 16456982,5 100,00 100,00 15133533 13884482,5 -2572500 -2572500

Slussen	bus	terminal	partial	electrification Comments
Total	base	cost	(construction	and	derivates) Percentage	over	

total
Difference

Chargers
Bombardier	conductive	chargers 2200000 3 6600000

400 4000000

Connection	fee
SEK/every	exceeded	

100	kW

Total	cost	(SEK)

Permits

Collection	map

Mobile	crane

Material	sacs

Traffic	arrangement	plan

Civil	works,	
labour,	etc.

Alternative	connection

6600000

2025000

1900000

750000

-2100000

Electric	grid

Connection	to	the	grid	(MV) 10000

4258800

14 233800

100000

23380016700
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Table 25: Budget for full electrification of Odenplan using 4 chargers 

Unitary	cost Number	of	units
SEK Common Conductive Inductive

Siemens	conductive	chargers 2700000 4 10800000 10800000

38,93 33,22
Secondary	substation SEK/kVA 1000 2700 2700000

SEK/m

Start	up	cost SEK/substation 100000 1 100000

Subtotal 12100600 43,62 45,68
Basic	fee	(SEK/order	

area	+	MOMS)
800 1 1000

Inner	city	(SEK/ha	
+MOMS)

1350 8 13500

Police	fee 700 1 700
<	5	days 1040 1 1040

Fenced	area A	zone	(SEK/m) 4240 varying 1093920 1908000
Police	fee 700 1 700
>15	days	

(SEK/m2/year)
4240 40 169600

Granted 1860 1 1860
Site	visit	(SEK/visit) 930 5 4650
Time	fee	(SEK/after	

second	week)
1650 3 4950

Building	permit 1-50	m2 13560 0,75 10170
Subtotal 1302090 2116170 4,69 7,99 1302090 2116170

Civil	works	and	labour	costs 250000 4 1000000
Digging SEK/m 2250 varying 2536875 2475000 793125 731250
Subtotal 3536875 3475000 12,75 13,12 1793125 1731250 -1743750 -1743750

27739565 26491770 100,00 100,00 18245815 16998020 -9493750 -9493750

Odenplan	full	electrification	using	4	chargers Comments
Total	base	cost	(construction	and	derivates)

Chargers
Bombardier	conductive	chargers 2200000 4 8800000

Electric	grid

Connection	to	the	grid	(MV) 10000 900 9000000

Connection	fee
SEK/every	exceeded	

100	kW
16700 18 300600

Total	cost	(SEK)

Permits

Collection	map

Mobile	crane

Material	sacs

Traffic	arrangement	plan

Civil	works,	
labour,	etc.

Percentage	over	
total

4350600 -7750000

1000000

Alternative	connection Difference

8800000

2700000

1250000

100000

300600
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Table 26: Budget for full electrification of Odenplan using 5 chargers 

Unitary	cost Number	of	units
SEK Common Conductive Inductive

Siemens	conductive	chargers 2700000 5 13500000 13500000

42,55 36,45
Secondary	substation SEK/kVA 1000 3375 3375000

SEK/m

Start	up	cost SEK/substation 100000 1 100000

Subtotal 12859100 40,53 42,61
Basic	fee	(SEK/order	area	+	

MOMS)
800 1 1000

Inner	city	(SEK/ha	+MOMS) 1350 8 13500
Police	fee 700 1 700
<	5	days 1040 1 1040

Fenced	area A	zone	(SEK/m) 4240 varying 1314400 2332000
Police	fee 700 1 700

>15	days	(SEK/m2/year) 4240 50 212000
Granted 1860 1 1860

Site	visit	(SEK/visit) 930 5 4650
Time	fee	(SEK/after	second	

week)
1650 3 4950

Building	permit 1-50	m2 13560 0,75 10170
Subtotal 1564970 2582570 4,93 8,56 1564970 2582570

Civil	works	and	labour	costs 250000 5 1250000
Digging SEK/m 2250 varying 2551500 2484000 807750 740250
Subtotal 3801500 3734000 11,98 12,37 2057750 1990250 -1743750 -1743750

31725570 30175670 100,00 100,00 22231820 20681920 -9493750 -9493750

Odenplan	full	electrification	using	5	chargers Comments
Total	base	cost	(construction	and	

Chargers
Bombardier	conductive	chargers 2200000 5 11000000

Electric	grid

Connection	to	the	grid	(MV) 10000 900 9000000

Connection	fee SEK/every	exceeded	100	kW 16700 23 384100

Total	cost	(SEK)

Permits

Collection	map

Mobile	crane

Material	sacs

Traffic	arrangement	plan

Civil	works,	
labour,	etc.

Percentage	over	
total

5109100 -7750000

1250000

Alternative	connection Difference

11000000

3375000

1250000

100000

384100
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Table 27: Budget for full electrification of Södermalmstorg 

Unitary	cost Number	of	units
SEK Common Conductive Inductive

Siemens	conductive	chargers 2700000 3 8100000 8100000

37,64 32,11
Secondary	substation SEK/kVA 1000 2025 2025000

SEK/m

Start	up	cost SEK/substation 100000 1 100000

Subtotal 9358800 43,49 45,53
Basic	fee	(SEK/order	area	+	

MOMS)
800 1 1000

Inner	city	(SEK/ha	+MOMS) 1350 17 28687,5

Police	fee 700 1 700
<	5	days 1040 1 1040

Fenced	area A	zone	(SEK/m) 4240 varying 873440 1484000
Police	fee 700 1 700

>15	days	(SEK/m2/year) 4240 30 127200
Granted 1860 1 1860

Site	visit	(SEK/visit) 930 5 4650
Time	fee	(SEK/after	

second	week)
1650 3 4950

Building	permit 1-50	m2 13560 0,75 10170
Subtotal 1054397,5 1664957,5 4,90 8,10 1054397,5 1664957,5

Civil	works	and	labour	costs 250000 3 750000
Digging SEK/m 2250 varying 2254500 2182500 758250 686250
Subtotal 3004500 2932500 13,96 14,27 1508250 1436250 -1496250 -1496250

21517697,5 20556258 100,00 100,00 14371447,5 13410008 -7146250 -7146250

Chargers
Bombardier	conductive	chargers 2200000 3 6600000

Percentage	over	totalSödermalmstorg	full	electrification Comments
Total	base	cost	(construction	and	derivates)

Electric	grid

Connection	to	the	grid	(MV) 10000 700 7000000

Connection	fee
SEK/every	exceeded	100	

kW
16700 14 233800

Total	cost	(SEK)

Permits

Collection	map

Mobile	crane

Material	sacs

Traffic	arrangement	plan

Civil	works,	
labour,	etc.

3708800 -5650000

750000

Alternative	connection Difference

6600000

2025000

1350000

100000

233800

 

 

 

 

 

 

Table 28: Budget for full electrification of Slussen bus terminal 
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Appendix C 
This appendix contains a detailed version of the framework for the analysis of potential locations for 
charging stations for electric buses. This detailed version is presented using flow charts divided by the 
same sections of Table 19. 

 
Figure 76: Detailed flow chart of preparatory work section from Table 18 

 
Figure 77: Detailed flow chart of section electric grid and capacity from Table 18 



105 
 

 
Figure 78: Detailed flow chart of impediments section from Table 18 

 
Figure 79: Detailed flow chart of spatial and operational analysis section from Table 18, part 1 
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Figure 80: Detailed flow chart of spatial and operational analysis section from Table 18, part 2 

 
Figure 81: Detailed flow chart of spatial and operational analysis section from Table 18, part 3 
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Figure 82: Detailed flow chart of spatial and operational analysis section from Table 18, part 4 

 

Figure 83: Detailed flow chart of Policies section from Table 18 
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Figure 84: Detailed flow chart of final decisions and discussions section from Table 18 

 

 
Figure 85: Detailed flow chart of construction, testing and operation section from Table 18 


