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Abstract

Electric vehicle charging infrastructure in Uppsala 

Erika Karlsson, Martin Koch, Sissel Wangenborg

The aim of this study is to make an inventory of the charging infrastructure for
electric vehicles in Uppsala municipality. The 89 public charging outlets in the area has
been compiled according to their outlet type and power output and located in a map.
The charging stations are deployed in the centre of Uppsala and in the outskirts,
mainly the eastern parts. The total installed power of the charging outlets in Uppsala
is 1036 kW. Potential energy use of the charging outlets has been calculated with
several different coverage ratios. The result of potential energy use in a year with
100% coverage ratio is approximately 9 GWh which as an example equals 70% of
Ångström Laboratory's electric energy use or 0.6% of Uppsala municipality's over a
year. With data from 16 specific charging stations in Uppsala and other cities,
coverage estimates have been done with a result between less than 1% up to 13%. It
is concluded in this study that further measurements of the charging outlets' electric
energy consumption are necessary in order to calculate coverage ratios and
coordinate an expansion of the charging infrastructure. 

ISSN: 1650-8319, TVE 16 039  juni
Examinator: Joakim Widén
Ämnesgranskare: Joakim Munkhammar
Handledare: Anders Hollinder



  

1 
 

Table of contents 

Table of contents 1 

1. Introduction 4 

1.1 Aim of the report 5 

1.2 System 5 

1.3 Limitations 5 

1.4 Disposition 6 

2. Background 6 

2.1 The history of electric vehicles 6 

2.2 E- mobility 7 

2.3 Electric vehicles 7 

2.3.1 Common types of PEVs 7 

2.3.2 PEVs in Uppsala 7 

2.4 Range and range anxiety 8 

2.5 Chargers 8 

2.5.1 Various types of outlets 9 

2.5.2 Charging security 11 

2.6 Charging infrastructure 12 

2.6.1 Klimatklivet 12 

2.7 Battery technology 13 

2.8 Establishing a new charging station 13 

2.9 Other solutions 14 

2.9.1 Electrified highways 14 

2.9.2 Vehicle- to- grid technology 14 

3. Methodology and data 15 

3.1 Inventory of the charging outlets 15 

3.2 Estimations of installed power and potential energy use 15 

3.3 Comparison to other electricity use 16 

3.4 Placement of the charging outlets 17 

3.5 Distance from central station to charging outlets 17 

3.6 Coverage ratios of specific charging outlets 17 

3.6.1 Data of installed power and energy use of 10 charging outlets in five cities 18 

3.6.2 Data of installed power and energy use of 6 charging outlets in Uppsala and 

Stockholm 19 

3.7 Planned expansion in Uppsala charging infrastructure 20 

4. Results 20 

4.1 Characteristics of the charging outlets 20 



  

2 
 

4.2 Installed power and potential energy use 21 

4.2.1 Comparison to other electricity use 22 

4.3 Location of charging stations 23 

4.3.1 Distance from central station 23 

4.4 Coverage of specific charging outlets 26 

4.5 Planned expansion of charging stations in Uppsala 28 

5. Discussion 28 

5.1 Collecting data 28 

5.2 Charging infrastructure and location 29 

5.3 Coverage estimates 30 

5.4 Potential energy use 30 

5.5 Benefits of a charging infrastructure 31 

5.6 Credibility of the study 31 

5.7 Future studies 32 

6. Conclusions 32 

References 33 

Appendix A 36 

Appendix B 38 

Appendix C 39 

 

 



  

3 
 

Concept list 
 

AC Alternating current 

DC Direct current 

BEV Battery electric vehicle: vehicle with propulsion from a battery pack. 

PHEV Plug-in hybrid electric vehicle: Both a combustion engine and an electric 

engine, able to charge from the grid. 

PEV Plug-in electric vehicle: Umbrella term for BEVs and PHEVs 

HEV 

 

Hybrid electric vehicle: Vehicle with a combustion engine which powers an 

electric motor. Cannot connect and be charged from the grid. 

EV Electric vehicle: Vehicles with an electric motor for propulsion. 

EV and 

Hybrid 

Umbrella term for all vehicles above 

Coverage 

ratio 

The amount of usage of a charging outlet in percent 
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1. Introduction 

 “I could either watch it happen, or be part of it” (Elon Musk, 2007) 

This quote comes from the CEO of Tesla motors, Elon Musk. He is a pioneer in 

sustainable solutions for green transportation and wants to electrify the world in order to 

meet the on-going climate crises. His vision is to reduce energy production and 

consumption by introducing electric transportation as an alternative to fossil fuel 

transportation (Tesla Motors, 2016b). 

The interest for electric vehicles has grown rapidly and is considered to be a potential 

pathway into sustainable transportation (Global EV Outlook, 2013 pp. 7). Currently the 

automotive- industry is facing big challenges in order to keep up with the growing 

demand. All the major car companies are investing in new models in order to give the 

market a competing alternative to the traditional combustion engine. The companies 

have realized that electrified vehicles will play an important role in the mobility, in the 

future. Sweden is one of the countries with the most PEVs in the world per capita 

(Global EV Outlook, 2013 pp. 4). The market has grown exponential for the past eight 

years and has a growth rate at approximately 100 % per year. The total number of PEVs 

in Sweden is approximately 17 000 and the prognosis is a doubling until the end of 

2016. This projection means that the infrastructure around electric vehicles has to 

evolve at the same pace. (Power Circle and Swedish Energy Agency, 2015, pp. 20)   

To operate a fleet of EVs and hybrids a charging infrastructure is needed in society. 

Since electric vehicles are limited by their range and time to recharge, there has to exist 

chargers at strategic locations. The planning of these locations is at this point not 

coordinated by any authorities in Uppsala. Private operators are responsible for the 

installation and maintenance of the existing charging stations, so there is no overlooking 

strategic plan for how to organize and meet the increasing demand on the charging 

infrastructure (County Administrative Board Uppsala, 2016).   

Electrification of transport has a great potential for reducing carbon dioxide emissions 

and improving air quality. The use of PEVs in Uppsala has increased lately, and so has 

the demand of electric chargers (Heimer, 2015). To keep up with the developments, an 

up-to-date charging infrastructure is required. An expansion of new chargers needs to be 

done with strategy.  It requires planning and preparation since it is a costly and 

complicated procedure to establish a new charging station (Power Circle and Swedish 

Energy Agency, 2015, pp. 38-39). 

An increased number of EVs also includes an increased demand of electricity, which 

causes big challenges for the grid. To meet this challenges Uppsala municipality and 

Solelia Greentech AB have initiated the EU-project “Solar Charge 2020” with the 

purpose to combine an increased number of charging stations with a stable and climate-

smart grid. The project focuses on local production of solar power together and charging 

stations connected to smart grids. The municipal parking company Uppsala Parkerings 
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AB will install a number of charging stations and researchers in Uppsala University will 

evaluate opportunities for the combined systems to be implemented in the future 

infrastructure (Uppsala Parkerings AB, 2016). To initiate “Solar Charge 2020” Uppsala 

municipality needs information regarding the existing charging infrastructure in 

Uppsala. 

 

1.1 Aim of the report 

The aim of this report is to investigate the existing charging infrastructure for PEVs in 

Uppsala, on the basis of information needed as a starting point for the EU project “Solar 

Charge 2020”. More precisely this information is formulated in the following research 

questions: 

 How many public charging outlets are there in Uppsala and of what outlet type? 

 What are the installed power and the potential energy use of the charging 

stations today? 

 How can the installed power and potential energy use be described as potential 

driving distance or compared to any other known electricity consumption? 

 Where are the charging stations deployed and at what distance from a central 

location? 

1.2 System 

The investigated system in this report is the current charging infrastructure for PEVs in 

Uppsala and its power supply. The quantity of charging stations and their location, as 

well as power supply and type of outlets are of interest for Uppsala municipality, when 

planning for future improvements regarding the infrastructure in the municipality. 

Uppsala municipality and Soleila Greentech AB is initiators of this project that is 

advised by Uppsala University. The investigation is a part of "SolarCharge2020” - 

Increased Self Consumption of Photovoltaic Power for Electric Vehicle Charging in 

Virtual Networks" an EU ERA-Net Smart Grids Plus project. 

1.3 Limitations 

The charging infrastructure is limited to Uppsala municipality. The report focuses on 

PEVs, which include the vehicle types PHEV and BEV. HEVs are excluded since they 

cannot be charged from the electric grid. Therefore the term PEV will include PHEV 

and BEV. Some charging stations offers several outlets with various power supply 

connected to a single parking spot. The number of parking locations in connection to the 

charging outlets is not taken into account. 
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1.4 Disposition 

The report consists of an introduction followed by a background part, methodology and 

data, the results and ends with a discussion and a conclusion. In the background section 

some history and information about EVs is presented. The charging infrastructure and 

different chargers and outlets available are described. How to establish a new charging 

station and other examples of electrified transport are also included in the section. 

In the section on methodology and data the procedure of collecting data is described as 

well as the methods for making calculations and estimations concerning the charging 

stations, their placement and comparisons to other electricity usage in Uppsala. The 

results consist of calculations and charts of the estimations done with collected data. 

The result section is followed by a discussion where results, credibility and future 

studies are discussed and analysed. The conclusions are summed up in a final section. 

2. Background 

In the background section some relevant information are presented regarding PEVs, 

charging and the charging infrastructure. Examples of other solutions within the area are 

also introduced in this section. 

2.1 The history of electric vehicles 

The concept of EVs may seem to be a relatively new invention, but the technology is 

actually older than hundred years. In the late 1800s the first electric driven car was 

rolling on the streets of Sweden and electric motor driven cars were standard in the US 

until 1910s (Stockholm city, Vattenfall AB and Swedish Energy Agency, 2015, pp. 8). 

Later on the traditional combustion engine was developed and competed out the electric 

vehicles from the market. In the early 1990s there was an increase in electric vehicle use 

in Sweden, much due to some government procurements. The result of these 

procurements was around 600 electric vehicles in Sweden year 2000.  

Because of technical problems, especially with batteries and charging the automobile, 

industry did not invested in more production of electric vehicles for some years. The 

number of electric vehicles remained quit constant up to year 2009-2010 when the 

automobile industry increased the production of electric vehicles again. This together 

with an initiative from Swedish Energy Agency, Stockholm City and Vattenfall AB an 

increase in the amount of electric vehicles have been seen the last years (Stockholm 

city, Vattenfall AB and Swedish Energy Agency, 2015, pp. 8-10). In the end of 2015 

around 16 000 PEVs were registered in Sweden and both use and supply is expected to 

increase in the future (Lewald & Wikström, 2016a). 
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2.2 E- mobility 

E-mobility includes all types of vehicles with plug-in electricity as primary energy 

source. E-mobility not only includes cars but other vehicles like boats, busses and 

trains. The expression also refers to the network that centres on the vehicles including 

charging infrastructure and electric grid components.  Also private companies, 

government and consumers interesting in the EV-industry are included in E-mobility 

(Leal Filho, 2015). 

2.3 Electric vehicles 

Electric vehicles can be divided into different categories depending on their technical 

conditions. A common division is battery electric vehicles (BEV), hybrid electric 

vehicles (HEV) and plug-in hybrid electric vehicles (PHEV). Common for all types is 

an electric motor powered by a battery. The category of BEVs has electric motors where 

the batteries are charged externally from the grid. An HEV has both an electric- and a 

combustion engine where the latter delivers energy to the battery and it is not possible 

to charge the battery externally. Like HEVs, PHEVs are provided with both electric- 

and internal combustion engine, but the difference is that PHEVs have larger batteries 

that makes it possible to charge them via the external grid (Stockholm city and 

Vattenfall AB, 2016). 

2.3.1 Common types of PEVs 

Two typical types of PHEVs on the market are Mitsubishi Outlander plug-in-hybrid and 

Toyota Prius plug-in-hybrid. The most popular PHEV in Sweden in March 2016 

according to statistics from the interest organisation Power Circle, is the Mitsubishi 

Outlander which is a four wheel driven SUV with a twin electric motor (Johansson, 

2016). It has a range up to 50 km when driven solely on electricity (Mitsubishi Motors). 

The Toyota Prius in comparison has a range up to 25 km at optimal conditions (Toyota).  

Tesla Model S and Nissan Leaf are two examples of BEVs on the market. The Tesla 

Model S is available as both a two wheel driven car with one electric motor and a four 

wheel driven car with a twin electric motor. The range extends up to 500 km (Tesla 

Motors, 2016a). All Tesla cars are connected to their own network of quick chargers, 

so- called Superchargers, which are deployed around the world as a benefit for the 

Tesla-drivers (Tesla Motors 2016c). The Nissan Leaf model is the most popular BEV in 

Sweden in March 2016 (Johansson, 2016). It has a range up to 250 km at optimal 

conditions (Nissan, 2015).  

2.3.2 PEVs in Uppsala 

In March 2016, according to statistical data received from Power Circle by Johansson 

(2016), there were a total of 356 PEVs in Uppsala of which 206 PHEVs and 150 BEVs. 

Mitsubishi Outlander was at this moment the most common PHEV followed by Toyota 

http://www.nissan.se/SE/sv/vehicle/electric-vehicles/leaf/charging-and-battery/charging-nissan-leaf-and-battery.html
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Prius. The most common BEV were Tesla model S, Nissan Leaf and Renault Kangoo, 

see table 10 in appendix A (Johansson, 2016). 

In the statistical data received by Power Circle (Johansson 2016), the battery capacity of 

each PEV model is presented. According to this data the battery capacity of the 

registered PEVs in Uppsala varies between 4.4 kWh and 85 kWh. Mitsubishi Outlander 

has a battery capacity of 12 kWh, Toyota Prius’ battery capacity is 4.4 kWh. The battery 

capacity of Tesla Model S is 85 kWh, and the corresponding value for Nissan Leaf is 24 

kWh or 30 kWh depending on the model (Johansson, 2016). For more information 

about different PEV’s battery capacity in Uppsala see table 10 in appendix A.  

2.4  Range and range anxiety 

One of the biggest downsides with PEVs is the limited range. The capacity of the 

battery pack sets the limitation for how far an electric car can travel. Since the 

technology of batteries has improved in recent years the range has increased 

significantly. The energy stored in a battery pack is measured in kWh and varies from 

different car models. A regular BEV with a battery pack of 24 kWh has a range of about 

100 kilometres (Global EV Outlook, pp. 24). The market offers cars with larger battery-

packs such as the Tesla Model S. It has 85 kWh battery-pack and offers a much greater 

range. With increased range, the car has a much higher retail price (Global EV Outlook, 

pp. 25). 

Range anxiety is a term, which primarily refers to BEVs only. The insufficient range of 

BEVs to reach their destination can cause anxiety and sets a barrier for potential 

customers to trust the technology in BEVs. To counteract this effect the charging 

infrastructure has to become more extensive (Knutsen and Willén, 2013 pp. 8). 

2.5 Chargers 

PEVs can be charged at different rates depending on how much power the charging 

station can deliver. The charging is divided into three different segments: normal, semi- 

quick and quick charging (Power Circle and Swedish Energy Agency, 2015, pp. 10). 

When comparing the recharging time for the different segments, it is assumed that it is a 

BEV with an empty battery recharged up to 80- 100% of its capacity (Power Circle and 

Swedish Energy Agency, 2015, pp. 55). 

Normal charging is the most common way of charging PEVs (Power Circle and 

Swedish Energy Agency, 2015, pp. 21). The vehicle is being charged with a low power, 

usually at home. The power output is single-phase and with a power up to 7.4 kW. A 

Nissan leaf, as an example, has got a 24 kWh large battery pack. With normal charging 

the vehicle can be charged in between 3-10 hours depending on the power. These 

chargers are normally meant for parking lots aimed for a longer stay, for instance at the 

residential area or workplace (Power Circle and Swedish Energy Agency, 2015, pp. 10-

11). 
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Semi-quick charging can be both single-phase and three-phase AC and DC. An AC 

charging station has a power between 7 kW and 22 kW and a DC station has a power of 

22 kW. These chargers are 3-5 times faster than normal charging stations. As for the 

example, a Nissan Leaf can be charged within 1-3 hours and these stations are suitable 

for public charging stations with a short parking duration (Power Circle and Swedish 

Energy Agency, 2015, pp. 10-11). 

Quick chargers have got the highest power output; it takes about 20- 30 minutes to 

recharge 80% of the battery in a Nissan Leaf. The power is either three- phase AC or 

DC with a power of 50 kW. The power decreases during the recharge to adjust the 

charging cycle. These stations are similar to a gas station in respect of short fuelling pit 

stops. The Tesla Superchargers are only adapted for Tesla cars. These stations can 

transfer a power up to 120 kW (Power Circle and Swedish Energy Agency, 2015, pp. 

11-12, pp. 55). 

2.5.1 Various types of outlets 

The different PEV manufacturers have equipped the vehicles with different outlets 

depending on the power being transferred. There is a separation between normal speed 

charging and quick charging in terms of the equipment used for charging. Electric cars 

manufactured in Asia uses a Type 1 outlet for normal charging. The Type 1 outlet is 

dimensioned for single-phase voltage and AC. The maximum power transferred is 7.4 

kW, which are equals 32 ampere multiplied with 230 volt. The standard outlet in 

Europe is called Type 2, see figure 1, and can handle a maximum of 16 kW, that is 70 

ampere AC and 230 volt single- phase, or 25 kW equal to 63 ampere AC multiplied 

with 400 volt single-phase (Power Circle and Swedish Energy Agency, 2015, pp. 10-

16). 

 

Figure 1. The Type 2 plug (Photo: Wangenborg, 2016). 
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For quick charging, a different kind of outlet is being used. CHAdeMO is the Japanese 

standard for quick charging with DC, see figure 2. The CHAdeMO outlet can transfer 

power up to 50 kW, that is 400 volt multiplied with 125 ampere. The European standard 

is called Combined Charging System (CCS), which can charge both as a Type 2 charger 

and as a quick charger with DC, see figure 3. The maximum power delivered for a CCS 

socket is 100 kW, that is 400 volt multiplied with 250 ampere (Power Circle and 

Swedish Energy Agency, 2015, pp. 12-16). 

 

Figure 2. A quick charger with a CHAdeMO outlet (Photo: Wangenborg, 2016). 

Currently, in 2016, different car manufactures use all four outlets. The European Union 

has standardized the Type 2 for normal charging and the CCS charger for quick 

charging. The Type 1 and CHAdeMO charger will be offered during a transition time. 

The outlets described above refers to the end of the cable that is plugged into the 

vehicle, see figure 3. The electric outlet plugged into a charging station, or to a 

residential outlet as well, may be of these four outlets but can also be of a traditional 

household outlet, a so-called Schuko socket. This outlet is however being phased out 

(Power Circle and Swedish Energy Agency, 2015, pp. 13-19). 
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Figure 3. The two standardized outlets type 2 and CSS (Photo: Koch, 2016) 

If connection via a Schuko outlet is provided it can be possible to recharge the electric 

vehicle through a conventional engine heater. To qualify for EU standards for charging, 

the engine heater outlet must have a residual-current device (RCD) and an, at least, 10 

ampere fuse. Engine heaters often have a time and temperature controlling function, 

which needs to be uninstalled for charging to be possible without interruption. This kind 

of charging is not recommended though by the European Union since it is less secure 

and not qualified for the EU recommendations. It is recommended to install a wall box, 

which is a device connected to a household outlet with the purpose to achieve safer and 

faster charging in homes (Power Circle and Swedish Energy Agency, 2015, pp. 61-65). 

2.5.2 Charging security 

The International Electro Technical Commission (IEC), have defined four different 

security levels or modes for electric vehicle charging. The modes are a part of IEC 

standards for secure charging and all modes require a residual-current device (RCD). 

Mode 1 is the first security level and refers to slow charging with AC in a regular 

household outlet with a RCD, no other communication is needed. Mode 2 also refers to 

charging in a household outlet but with a protection device connected to the cable. This 

device communicates continuously with the car, protective of both the car and the cable. 

In mode 3 more advanced security equipment is required but the communication 

principle is the same as in mode 2. Mode 4 is the highest security level and to fulfil this 

the vehicle must be connected to a fixed quick charger with direct current. Standard for 

the European union is mode 3 as from 2017 onwards (Swedenergy, 2010, pp. 21-22). 
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2.6 Charging infrastructure 

The Swedish Energy Agency has a mission from the government to be the national 

coordinator of the charging infrastructure. Sweden is in need of a charging 

infrastructure since the charger stations and EVs and hybrids are increasing (Lewald and 

Wikström, 2016b). The mission is in progress during the period 2015- 2018 and 

involves coordination of the support to the charging infrastructure and to inform the 

citizens of where the chargers are located around the country. The Agency is expected 

to increase the public understanding about PEVs and the infrastructure with it. They are 

also commissioned to give specialized support to county administrative boards and 

Swedish Environmental Protection Agency whom are responsible for Klimatklivet (see 

section 2.6.1). The budget for the mission was 1.5 million SEK for 2015 and for 2016 it 

is 3 million SEK (Lewald and Wikström, 2016c). 

It is convenient to charge electric cars while parking, since in general a private car is 

parked 23 out of 24 hours a day (Lewald and Wikström, 2016b). A private electric car is 

most commonly charged at home, but can also be charged at a public station connected 

to a public parking lot or alongside highways. About 80- 90 per cent of the energy is 

transferred in non- public parking but it is important with access to public charging 

stations to create confidence in PEVs and support the mobility according to the Swedish 

Energy Agency (Lewald and Wikström, 2016b). 

In public charging stations the power supply and demand differ in dependence of what 

kind of parking it refers to. Normal charging is the most common for non-public 

chargers such as at home, at work and on parking lots dedicated for longer stays, 8 

hours or more. For a shorter time of parking, a quicker charger is better suited. When 

installing a new charger, The Swedish Energy Agency recommends to make sure of the 

purpose of the parking lot, before deciding what kind of charging effect is the most 

reasonable for the parking (Lewald and Wikström, 2016b).  

The Swedish Energy Agency has directions for rural and urban charging stations. It is 

complicated to install public chargers on the streets or the roads due to legislation 

concerning public areas but installing chargers in parking lots or garages are an option 

(Lewald and Wikström, 2016b). 

2.6.1 Klimatklivet 

The venture Klimatklivet was instigated by the Swedish Environmental Protection 

Agency and it is an investment in local projects to decrease the emissions causing 

negative environmental impacts. The economic support totalled in 125 million SEK for 

2015. Municipalities, enterprises and foundations are examples of applicants to 

Klimatklivet, but any organization can apply except for individuals. Charging 

infrastructure for electric vehicles is a typical example of actions that can be supported 

from Klimatklivet (Swedish Environmental Protection Agency, 2016b). Uppsala 
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Parkerings AB has received support from Klimatklivet in order to establish new 

charging stations (Swedish Environmental Protection Agency, 2016a). 

2.7 Battery technology 

There are many different technologies for batteries on the market. For PEVs some 

requirements have to be considered when deciding battery technology. Safety, 

performance and cost are all key parameters when deciding battery system. Today 

lithium-ion batteries are the most popular technology for PEVs. The chemistry involves 

a lithium cobalt oxide cathode and a graphite anode. It has a high energy to weight 

ration and can discharge around 80-90% of its capacity (The Boston Consulting Group, 

2010 pp. 7). The energy density of a lithium-ion is around 200+ Wh/kg and the battery 

can be discharge and charged for many cycles without loosing its capacity. A lithium-

ion battery can also be charged with high power without wearing out. The high price for 

a PEV is at the moment controlled by the cost of the battery pack. A lot of research is 

taken place to increase the efficiency of the battery and at the same time reduce the 

manufacture cost for lithium-ion batteries. In order to get a transition to PEVs both the 

price and production rate has to increase in the future (The Boston Consulting Group, 

2010 pp. 1). 

2.8 Establishing a new charging station 

To establish a new charging station, the owner of the property has to be informed and 

give permission in some cases (Power Circle and Swedish Energy Agency, 2015, pp. 

35). In general, there is no need to submit a planning permission for a normal charging 

station, but some municipalities require it. For a quick-charging station it is more likely 

that a planning permission is required. The owner of the power distribution grid in the 

area needs to be contacted to examine if the electricity grid can be used for the charging 

station or whether it needs backup. The power distribution grid company handle the 

digging and the cable running in the area. Several retailers can deliver procurement, 

installation or both for the charging station (Power Circle and Swedish Energy Agency, 

2015, pp. 35, 41). 

A new subscription for the electricity is needed for the charging station and the 

installing require groundwork, especially when installing a quick charger. The complete 

charging station need maintenance and operation (Power Circle and Swedish Energy 

Agency, 2015, pp. 41). The cost for the establishment of a charging station depend on 

what kind of charging station it is. A normal charging station has a total cost in between 

25 000 - 50 000 SEK while a semi-quick charging station has a total cost of 60 000 - 80 

000 SEK. A quick charging station has the highest costs and it can vary from 250 000 

up to 800 000 SEK (Power Circle and Swedish Energy Agency, 2015, pp. 38-39). The 

operation costs are lower for a normal charging station. Depending on the model of the 

car, a full charging has a cost of about 10-20 SEK (Power Circle and Swedish Energy 

Agency, 2015, pp. 42). 
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2.9 Other solutions 

In this section some examples of other solutions regarding electricity and transportation 

are presented.  

2.9.1 Electrified highways 

An alternative to regular vehicles is electric driven vehicles with a conductive feeding 

from the road (Virgin, 2015). The company Elways has developed a new system for 

vehicles as an alternative to batteries, where the vehicle is connected to a rail via a 

moving arm. The moving arm, which is connected to the vehicle battery charger, is 

meant to be installed on several kinds of vehicles, such as cars and trucks. The company 

has a test track of 350 meters near Arlanda airport. The project is supported by Vinnova, 

The Swedish Transport Administration and The Swedish Energy Agency (Virgin, 

2015). 

Another project, developing the world's first electrified highways, is in progress 

currently. Gävleborg region, along with companies Scania, Siemens and other partners 

have together developed an electrified highway for heavy goods. According to 

Gävleborg region and Scania, transports on electrified highways might reduce the fossil 

emissions by 80-90 %, since the electric motor has a higher efficiency and requires 

therefore less energy (Region Gävleborg, 2016). The project demonstrates conductive 

technology, where vehicles have pantographs on the roof and the electricity transfer 

through overhead wires. Scania trucks of a hybridised design will transport goods on a 2 

km test track built next to European highway 16, between the port of Gävle and Storvik 

(Scania, 2015). 

The project in Gävle is a part of a larger project called Projekt Elvägar, which goal is to 

spread knowledge and create experience and better conditions for electrifying the larger 

transport areas in Sweden. The government finances the electrified highway project 

with 77 million SEK while the region and the business sector finance the project with 

48 million SEK. Scania is also involved in another research in Projekt Elvägar where 

local city buses use inductive charging. A bus line will start up in Södertälje by June 

2016 (Scania, 2015). 

2.9.2 Vehicle- to- grid technology 

Increased charging will lead to challenges for the grid (Sortomme and El-Sharkawi, 

2011). There are some techniques that can be implemented in the charging 

infrastructure in order to decrease the shortages on the grid due to high charging levels. 

One of them is, Vehicle- to- grid technology (V2G). V2G refers to a system where 

energy and other resources can be transferred between an electric vehicle and the 

electric grid (Sortomme and El-Sharkawi, 2011). The flow can either be unidirectional 

or bidirectional where bidirectional flow includes energy flowing back to the grid. 

Bidirectional technology requires a more advanced hardware in the vehicle compared to 
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the standard of todays cars and so far, pumping back energy to the grid is a challenging 

future project not yet implemented in the charging infrastructure. Unidirectional 

communication, unfortunately less effective than bidirectional technology, is more easy 

to provide and more possible to implement in the infrastructure. It enables load 

balancing on the grid by regulation of the charging rate. (Sortomme and El-Sharkawi, 

2011).  

3. Methodology and data 

In this section the methodology and data used in this project is presented. 

3.1 Inventory of the charging outlets 

Data for inventory of the public charging stations were collected mainly from the 

website Uppladdning.nu and contacts in Uppsala municipality. A form with questions 

regarding the charging stations were compiled and sent out to different property owners 

and parking companies which might have had charging outlets available for BEVs and 

PHEVs. Some charging stations were visited with a BEV. The charging stations were 

categorized based on what power is delivered from the station and from what kind of 

outlet type. The total installed power was estimated from the sum of power from all 

stations. The obtained data for the charging stations are put together in table 11 in 

appendix B. 

3.2 Estimations of installed power and potential energy use 

The total installed charging power in Uppsala municipality from all existing charging 

stations gives a potential energy use depending on how much the charging stations are 

being used. For this estimates of coverage ratio, that is the fraction of how much they 

are used over time, was estimated. If the stations are occupied half of the time during a 

year, they have a coverage ratio of 50%. Different cases with estimates of 100%, 80%, 

50%, 20% and 5% coverage were being calculated as a sensitivity analysis. The 

coverage ratio is a parameter that can be modified in order to predict different scenarios 

regarding the usage of the charging stations. The different cases gives a value of how 

much energy the charging stations consume in a year in relation to how much they are 

being used.  

The equation for potential energy during a year: 

𝐸 =  𝑃 ∙ 𝑇 ∙ 𝐶   (1) 

where E is potential energy use per year [kWh], P is total installed power of charging 

stations [kW], T is time in one year [h] and C is coverage ratio. 
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Another measure in how much energy the charging stations can supply can be done 

with a calculation of how many 10 km a vehicle can drive with a certain amount of 

energy.  

On the basis that an electric car requires an average of 2 kWh per 10 km the calculation 

follows (Larsson, 2010 pp. 32): 

𝐷 =  
𝐸

2 𝑘𝑊ℎ
       (2) 

where D is potential driven 10 km per year, and E is potential energy use per year 

[kWh]. 

3.3 Comparison to other electricity use 

To gain a better picture of the energy potential of the charging stations, a comparison to 

other energy use in Uppsala was made. Assuming a 100% use of the charging stations 

made all the estimates in this section. This estimate was then compared to the yearly 

energy use of Ångström Laboratory and also to Uppsala municipality’s energy use as a 

whole. Ångström Laboratory is a campus of Uppsala University. Statistics origin from 

Akademiska Hus, which is the owner of the property (Wieselblad, 2016). Data of the 

yearly energy use at Ångström Laboratory is put together in table 1. Statistics of the 

total electric energy consumption in Uppsala municipality origin from Statistics Sweden 

and are put together in table 2 (Statistics Sweden, 2016). 

The calculation to gain a value of Uppsala charging stations’ potential energy use in 

relation to another energy use can be described as follows:  

 

𝑆 =
𝑃∙𝑇

𝐴
∙  100  (3) 

where S is share value [%], P is total installed power of charging stations [kW], T is 

time in one year [h], and A is total electric energy use of other source, in one year 

[kWh]. 

 

Table 1. Total energy use of Ångstrom Laboratory due to electricity consumption for 

one year (Wieselblad, 2016).   

Year Energy use [kWh] 

2014 13 211 250 

2015 12 841 730 
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Table 2. Total energy use in Uppsala municipality due to electricity consumption for 

one year (Statistics Sweden, 2016).   

Year Energy use [kWh] 

2013 1 441 092 000 

2014 1 471 634 000 

 

3.4 Placement of the charging outlets 

All the charging stations in Uppsala were compiled with their postal addresses, see table 

11 in appendix B. A map where the stations are located in the municipality was 

constructed in Google My Maps. Google provide the opportunity of making custom 

maps with tools to deploy pins and symbols in order to represent specific information. 

A map was constructed with all the charging stations marked. Different symbols mark 

whether the station supplies normal-, semi-quick- or quick charging, and since one pin 

can address several outlets, the mark will symbolize the highest power supplied. 

3.5 Distance from central station to charging outlets 

Public charging stations for PEVs are deployed in different locations in Uppsala 

municipality and to get a numerical measure of this, the distance from a reference 

location chosen to Uppsala Central Station is calculated. The distance from each outlet 

to Uppsala Central Station is measured both in the shortest road and a straight line. This 

is done in Google Maps and a proposal on distance shortest drive is given when 

inputting addresses. Likewise, a straight line can simply be deployed from A to B to 

find out the straight-line distance between the locations. This is reported in charts of 

how far from the centre the outlets are placed. Power supply is also shown in the charts. 

3.6 Coverage ratios of specific charging outlets 

With data obtained from specific charging stations in Sweden, a coverage ratio can be 

calculated for the charging outlets. The coverage value represent how much of the 

potential energy from the chargers that are being used, and can also be seen as an 

indication of how much of the potential time the outlet is being used. Data regarding 

how much energy in kWh the charger station has consumed during a time span is 

divided by total power outlet multiplied with the time span.  

As an equation: 

𝐶 =
𝐸

𝑃∙𝑇
   (4) 
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where C is coverage ratio, E is total energy consumption [kWh], P is installed power of 

charging station [kW], and T is time in one year [h]. 

The calculations of equation (4) are made with 16 outlets from different charging 

stations throughout Sweden to see if the coverage resembles or differs.  

3.6.1 Data of installed power and energy use of 10 charging outlets in five 
cities  

Data on electric energy consumption use was obtained from Solelia Greentech 

regarding 10 of their charging outlets in Sweden (Wickman and Munkhammar, 2015, 

pp. 18). Table 3 shows a sum of energy consumed for PEVs charging during a certain 

time interval, in between 2013 and 2014 for the outlets in Eskilstuna, Uppsala, Örebro 

and Skövde and in 2015 for two charging outlets in Stockholm (Wickman and 

Munkhammar, 2015 pp. 18). This data was used to estimate coverage ratio for the 

existing PEV charging outlets. 

Table 3. Ten charging outlets provided by Solelia Greentech in five cities in Sweden 

(Wickman and Munkhammar, 2015 pp. 18). 

Outlet Power [kW] Time span PEV charging [kWh] 

Eskilstuna 1 2.3  Sep 8 2013 - July 6 2014 162 

Eskilstuna 2 2.3  Sep 8 2013 - July 6 2014 342 

Uppsala 1 2.3 Sep 8 2013 - July 6 2014 373 

Uppsala 2 2.3 Sep 8 2013 - July 6 2014 795 

Örebro 1 2.3 Sep 8 2013 - July 14 2014 214 

Örebro 2 2.3 Sep 8 2013 - July 14 2014 260 

Skövde 1 2.3 Oct 7 2013 - July 14 2014 338 

Skövde 2 2.3 Oct 7 2013 - July 14 2014 744 

Stockholm 1 2.3  Apr 1 2015 - Oct 1 2015 850 
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Stockholm 2 2.3 Apr 1 2015 - Oct 1 2015 1273 

3.6.2 Data of installed power and energy use of 6 charging outlets in 
Uppsala and Stockholm 

In table 4 data on electricity use for five different charging outlets in Uppsala is 

presented. Data of an outlet in Mall of Scandinavia in Stockholm is also presented. 

They were all hosted by Vattenfall (Wieweg, 2016). Table 4 shows the total energy use 

over a specific period of time for each station.  

Table 4. Data from six charging stations with a power outlet between 3.7 to 50 kW. All 

data are obtained 2016 (Wieweg, 2016).  

Outlet Power 

[kW] 

Time span PEV charging 

[kWh] 

St. Per Uppsala 22 March 11 2016 - Apr 30 

2016 

177 

Stationsgatan Uppsala 3.7 Feb 9 2016 - Apr 28 

2016 

81 

Mall of Scandinavia 

Stockholm 

11 Feb 9 2016 - Apr 28 

2016 

295 

Takpannegatan Uppsala 1 43 March 16 2016 - May 7 

2016 

144 

Takpannegatan Uppsala 2 50 May 4 2016 - May 9 

2016 

153 

Takpannegatan Uppsala 3 50 Feb 28 2016 - May 9 

2016 

166 

 

In comparison to the charging outlets hosted by Solelia Greentech, data presented by 

Vattenfall refers to a shorter time span. 
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3.7 Planned expansion in Uppsala charging infrastructure 

Some of the contacted companies in Uppsala have reported that they have plans for 

establishing new charging outlets during 2016. The confirmed plans have been 

compiled into a table, see table 12 in appendix C. Some owners of existing charging 

stations has plans for expansions, and other actors whom in the current situation has no 

charging stations, has reported that they will establish charging stations in the upcoming 

year.  

4. Results 

In this section the results are presented with tables, charts and comments. 

4.1 Characteristics of the charging outlets 

The inventory of the charging outlets in Uppsala has resulted in an estimated total 

number of charging stations, which is 26, with a total of 89 outlets in May 2016. The 

total installed power sums up to 1036.1 kW. The amount of outlets available in the 

different power categories and in relation to outlet type are shown in figure 4 

respectively figure 5.  

 

Figure 4. Number of outlets with different installed power in Uppsala municipality 

(2016-05-15). 
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The most common power supply for the charging outlets is 3.7 kW. Figure 4 

demonstrate that there are almost three times as many normal chargers as semi- quick 

chargers.   

 

Figure 5. Number of outlets with respectively outlet type in Uppsala municipality (2016-

05-15). 

The Schuko outlet and the Type 2 outlet are the most common outlets in Uppsala. Only 

a few outlets are of the quick charging outlet types CHAdeMO and CCS.  

4.2 Installed power and potential energy use 

In table 5 the potential energy use and potential driven km/year has been calculated with 

equations (1) and (2). A sensitivity analysis is made with different coverage ratios. 

Table 5. Different theoretical coverage ratios and their corresponding energy potential 

and potential driven 10 km per year.  

 Coverage  Total installed 

power [kW] 

Potential energy use 

[kWh/year] 

Potential driven 10 

km/year 

100% 1036.1 9 076 236 4 538 118 

80% 1036.1 7 260 989 3 630 494 
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50% 1036.1 4 538 118 2 269 059 

20% 1036.1 1 815 247    907 624 

5% 1036.1   453 812    226 906 

 

4.2.1 Comparison to other electricity use 

The results in table 6 show that around seventy per cent of the electric energy 

consumption of Ångström Laboratory covers the potential energy use of the charging 

stations in Uppsala. Remark that it is assumed that the outlets have 100% coverage.   

Table 6. The potential energy use of Uppsala charging stations relative to the electric 

energy consumption of Ångström Laboratory. 

Year Share value [%] 

2014 68.7 

2015 70.7 

 

The results in table 7 show that less than one per cent of the electric energy 

consumption of Uppsala municipality covers the potential energy use of the charging 

stations in Uppsala.   

Table 7. The potential energy use of Uppsala charging stations relative to the electric 

energy consumption of Uppsala municipality. 

Year Share value [%] 

2013 0.63 

2014 0.62 
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4.3 Location of charging stations 

The map in figure 6 shows where all the charging stations are located in Uppsala. The 

colour of the pin marks the highest level of power at the location. One station is located 

in Björklinge north of Uppsala and not included in the map.   

 

Figure 6. A map with the charging stations marked. Blue represent quick charging, 

green colour represent semi- quick charging and yellow colour represent normal 

charging. The map was made with Google My Maps in May 2016. 

The yellow pins for normal charging dominate the map in figure 6, which is consistent 

with the result in section 4.1. There are several normal and semi- quick charging 

stations in the centre of Uppsala. The quick chargers are deployed in the outer, eastern 

parts of Uppsala. 

4.3.1 Distance from central station 

The distance between the outlets and the central station were calculated and are shown 

in figure 7-10. Figure 7 and 8 shows the number of outlets in road distance intervals 

from the central station. Figure 9 and 10 show a similar result but with the distance 

measured in a straight line. 
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Figure 7. Total number of outlets with respectively distance from Uppsala central 

station if driving by car. 

Figure 7 shows that 42 of the 89 outlets are located in a range of two kilometres from 

the central station. There is a gap in the distance of two to three kilometres with only 

two outlets available in this area. The area between three to five kilometres contains of 

32 outlets, which represent 36% of all outlets, in Uppsala.  

 

Figure 8. Different types of outlets and the distance from Uppsala central station if 

driving by car.  

 



  

25 
 

In figure 8 the distance to different types of outlets can be seen if driving by car from 

the central station in Uppsala. Normal chargers dominate within the most areas except 

from the area of one to two kilometres where semi- quick outlets constitute the largest 

part of the outlets. Quick charger outlets are most common in the outskirt of the city.  

 

Figure 9. Total number of outlets with respectively distance from Uppsala central 

station when measured in a straight line. 

 

As seen in figure 9 the majority of the outlets are distributed within a close distance 

from the central station. Compared to the measured distance by car the biggest 

difference can be seen within the interval of zero to one kilometre where as many as 38 

of 89 outlets are placed, compared to 18 outlets in this interval for the measured 

distances by car, see figure 7.  
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Figure 10. Different types of outlets and the distance from Uppsala central station when 

measured in a straight line.  

 

In Figure 10 the distribution of different outlet types are presented when measured in a 

straight line. Normal chargers are the most common type for almost all areas. The most 

obvious difference from the measured values by car are seen in the interval of zero to 

one kilometres where as many as fifteen semi quick outlets are located compared to 

three outlets for the corresponding interval if driving by car, see figure 8. 

4.4 Coverage of specific charging outlets 

As shown in table 8 the coverage estimates for the Solelia outlets varies in between less 

than 1% up to more than 12%. The outlets Stockholm 1 and Stockholm 2 have the 

highest coverage estimates and remark that for these outlets data are obtained under a 

later period, see table 3.   
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Table 8. The coverage estimates are based on calculations from the Solelia stations. 

 

 

 

The coverage estimates for the Vattenfall stations are shown in table 9. The estimates 

vary in between 0.19 % to 2.5 %. The outlets “Takpannegatan Uppsala 2” and 

“Takpannegatan Uppsala 3” are both quick chargers with 50 kW, and are collocated but 

one of them has a higher coverage estimate.   

 

 

 

Outlet Coverage 

[%] 

Eskilstuna 1 0.98 

Eskilstuna 2 2.06 

Uppsala 1 2.24 

Uppsala 2 4.78 

Örebro 1 1.25 

Örebro 2 1.52 

Skövde 1 2.19 

Skövde 2 4.81 

Stockholm 

1 

8.41 

Stockholm 

2 

12.6 



  

28 
 

Table 9. The coverage values are based on calculations from the Vattenfall stations in 

Uppsala and Stockholm. 

Outlet Coverage [%] 

St. Per Uppsala 0.66 

Stationsgatan Uppsala 1.15 

Mall of Scandinavia Stockholm 0.83 

Takpannegatan Uppsala 1 0.27 

Takpannegatan Uppsala 2 2.5 

Takpannegatan Uppsala 3 0.19 

 

4.5 Planned expansion of charging stations in Uppsala 

Data collected regarding future charging outlets estimates at least 57 new outlets during 

2016, deployed at 12 different locations. The installed power of those will be 763.6 kW 

or more. The most common type of outlet that is planned for is the EU standard Type 2 

outlet. Mainly normal and semi- quick chargers are planned for. 

5. Discussion 

In this section results and difficulties are discussed and ideas of future work are 

suggested. 

5.1 Collecting data 

The collected data from this project indicate that data from charging sessions are in 

general not recorded and saved in Uppsala municipality. The power suppliers save to 

some extend specific statistics on how much the charging stations are being used and 

statistics of the charging sessions. Besides the power suppliers there exists generally 

limited information regarding the charging stations total consumption per month. The 

data available currently is difficult to access and cannot provide reliable information 

regarding the usage of most charging stations. In order for the charging infrastructure to 
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keep up with the development of the PEVs, data has to be recorded and evaluated. If 

there were data on each individual outlet, how often a car charge, and for how long, one 

could from this data make assumptions about whether it is needed with an expansion at 

the site or in general. 

5.2 Charging infrastructure and location 

The generated results tell us a lot about how the charging infrastructure in Uppsala is 

today. When collecting data, it has emerged that there are a lot of different actors 

involved, and it does not seem to exist an overall coordination or common guidelines in 

the establishment. Normal charging with a Schuko outlet and a power of 3.7 kW is the 

most common charging type currently in Uppsala. The simplicity in the installation 

combined with the low installation cost may be the explanation of why this is a 

dominating outlet type. However, the Schuko outlet has a limited power capacity and 

may not be the optimal outlet. The Type 2 charger is standardised for normal charging 

in Europe and that can also be an argument for why the Schuko variant are not the best 

option. Regarding the estimations of the planned expansion, in section 4.5, it seems the 

directives from EU are being followed since the Type 2 outlet are the most common.  

The semi- quick charger is the second most common charger in Uppsala and has a 

power delivery between 7.4- 22 kW; the common outlet is Type 2. It requires a much 

higher power supply and has a larger installation cost which may be the reason why 

these outlets are not as common as the normal chargers with Schuko outlets. The semi- 

quick chargers are common in central Uppsala and in the outskirts, in connection with 

shopping malls. An explanation for this can be that semi- quick charging are well suited 

for a few hours parking, while shopping or visiting restaurants. The quick chargers can 

be found at some locations in the eastern part of Uppsala close to the thoroughfares. The 

outlets are both CHAdeMO and the standardized CCS. 

An interesting aspect is how much of the charging that is expected to occur at home in 

the future. In the current situation, about 90% of the charging is done in connection to 

the residence, but that could probably change with an expansion of the charging 

infrastructure. However residential charging will probably be the major charging station 

for PEV owners since it is convenient to charge night-time. Since the range for PEVs 

are increasing every year some locations for public chargers may be more strategic than 

others. Chargers in central Uppsala could be more relevant for people who either work 

in central Uppsala or travel a long distance with errands there. Chargers in the outskirts 

may fit those who are passing by on their way to other locations or while visiting 

shopping malls. The register of PEVs can provide information regarding the travel 

movement of electric vehicle owners and be helpful in the making of a strategic plan. 

The eastern parts of Uppsala have a greater flow of traffic because of the large traffic 

routes, which require a different charging infrastructure in the area (Johansson Hjort and 

Virtanen, 2015 pp. 13). Drivers will pass by on to other locations and might need quick 
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chargers to continue the journey. This part of Uppsala also has several shopping 

opportunities and quick chargers could be of importance for short stops.  

5.3 Coverage estimates 

The results in section 4.4 show that the investigated charging outlets have a variety in 

coverage estimations. It is not unlikely that most of the public charging outlets in 

Uppsala have various coverage ratios depending on the location. The charging outlets in 

Uppsala probably have a low coverage ratio since existing PEVs are not that many and 

charged at home in 90% of the time, according to the general statistics on charging 

infrastructure. The public charging stations will probably be used more often when the 

number of PEVs increases and the demand rises. An increased awareness of the 

charging stations and their locations might also attract more PEV-owners and increase 

the general interest for PEVs.   

The coverage estimate is less than 5% regarding most charging outlets, which indicate 

that the charging infrastructure today is sufficient for the number of PEVs in Uppsala. 

The prognosis indicates that the number of PEVs in Uppsala will increase by a rate of 

100% for the next couple of years. This will change the demand drastically and the 

charging infrastructure will have to be keeping up with the growth rate. 

In order to have a functioning charging infrastructure in Uppsala it is reasonable to 

assume that the coverage ratio can’t be to high. The PEVs owners have to feel 

confidence in finding a charging outlet, which is available for them. Having less 

charging stations and more outlets at the installed stations might be a workable solution. 

More outlets at each charging station would be more cost efficient then having more 

charging station with less outlets.  

In terms of the results in section 4.4, it is interesting that two of the outlets available on 

Takpannegatan in Uppsala have quite different coverage. The outlets both supply a 

power of 50 kW but one is obviously more popular than the other. This may have 

something to do with the fact that they are of different outlet types. One is CHAdeMO 

and the other CCS according to table 11 in the appendix B. It is not clear which one of 

these is the more popular but it is in any case reasonable that one is more common than 

the other among the PEVs. In addition, the statistics are referring to a short and specific 

time interval, which makes it difficult drawing some general conclusions.  

5.4 Potential energy use 

As mentioned, the results indicate that the charging stations in Uppsala and other cities 

are used far below their potential. Calculations of potential energy use in section 4.2 

gives an insight into how great the energy use would be if the stations were used more 

often. Those estimates tell us that the potential energy use of the charging infrastructure 

in Uppsala represents around 70% of the yearly electric energy consumption of 

Ångström Laboratory and less than 1% of Uppsala municipality’s electric energy 
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consumption in a year. With this in mind it is likely to conclude that even if the stations 

were used as frequently as 100% of the time there would probably be no heavy load on 

the electric grid since half of the outlets has a power output of 3.7 kW or less. Another 

aspect is what coverage ratio is reasonable to expect, a 100% use would mean full 

occupation of the outlets all hours and the question is if this is even possible to obtain. 

In table 5 the potential driven 10 km amount to more than 4.5 millions if the coverage 

ratio would equal 100%. Comparing this to the value of 356 PEVs in Uppsala 

(Johansson, 2016) this indicates that there is room for a lot more PEVs to charge at the 

stations in Uppsala without worrying about occupation and range anxiety. But in fact 

driven 10 km is probably an insufficient measure of the stations actual and reasonable 

availability. Presumably other aspects as driving- and charging patterns of individual 

PEV owners needs to take into account when drawing such conclusions.  

5.5 Benefits of a charging infrastructure 

To develop the best possible charging infrastructure in Uppsala many different 

parameters have to be considered. The coverage ratio could be a tool when developing 

the charging infrastructure in Uppsala. It can make indications of how often an outlet is 

being used, if the specific outlet is overexploited and needs additional outlets or not 

used as often as hoped. The installed power in Uppsala is approximately 1036 kW and 

the battery capacity of all PEVs in Uppsala is 8067 kWh, according to estimates based 

on statistical data given from Johansson (2016). These figures could give an indication 

of how the installed power is compared to the existing demand.  

To coordinate the growing demand a strategic plan for the infrastructure would help to 

grow confidence in the PEV industry. Potential customers can be attracted by the 

knowledge of an overlooking organisation, which takes responsibility in the charging 

infrastructure in Uppsala.  

5.6 Credibility of the study 

To obtain data has been difficult, as mentioned, but received data has been useful. 

Problem is to draw general conclusions regarding the charging infrastructure in Uppsala 

from the calculations. The time periods of the charging outlets are relatively short and 

half of them are not located in Uppsala.  

Regarding the inventory, the website Uppladdning.nu has been a valuable source as 

starting-point. The website has provided information about charging stations in the area, 

but since it is edited and reviewed by PEV-users themselves, a form with questions 

were sent out to property owners, parking companies and others in order to receive 

correct information. Regarding the charging stations where answers of questions were 

missing, visits to the charging station or the information from Uppladdning.se has been 

the lone source. This could affect the credibility of the inventory and there might exist 

other charging stations in Uppsala, which are not included in this study.  
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5.7 Future studies 

This work does not focus on how the electric grid is affected by the EV and hybrids 

charging today or in the future. However, it is an interesting and important aspect for 

future studies. Quick charging especially is likely to have a big impact on the grid and 

with an expansion of the charging infrastructure the load on the power grid would 

probably increase. An examination of how the grid would be affected by increased 

PEVs charging in the future would therefore be interesting and useful. With such an 

inquiry it would be able to draw more conclusions about how, where and what type of 

charger is the most well suited. If we assume that there were considerably more EVs 

and that each user charged his or her EV during the same hours of the day, it goes 

without saying that this would have consequences for the grid. The interesting thing is 

in what way, and if it would require an expansion of the electric grid.  

6. Conclusions 

According to the inventory there is in the current situation 89 outlets in 26 different 

places. There are 42 Schuko outlets for normal charging, which is the most common 

outlet type, and 40 outlets are of the EU standard variant Type 2. CHAdeMO, CCS and 

others account for the remaining seven outlets. Regarding the planned new outlets in 

Uppsala, there will be at least 57 outlets of which the majority Type 2 outlets. The 

planned outlets are mainly for normal and semi-quick charging. 

The yearly electric energy consumption of the charging outlets has been calculated with 

different potential coverage ratios; 100%, 80%, 50%, 20% and 5%. The 89 outlets with 

a total installed capacity of 1036.1 kW, which is about 9 GWh in a year if they are used 

100% of the time. This is roughly about 70% of the Ångström Laboratory's yearly 

electric energy consumption, or 0.6% of the Uppsala municipality's yearly electric 

energy consumption. With 20% coverage as an example, the charging outlets would 

consume roughly 1.8 GWh per year which equals to about 908 000 driven 10 km. 

All of the charging stations are deployed in the city of Uppsala except one charging 

station located in Björklinge north of Uppsala. About half of the outlets are located in 

the centre of Uppsala, within 2 km from the central station if driving by car, while the 

rest are mainly in 3 km up to 5 km from the central station in the outskirts of the city 

near shopping centres and industrial areas. Quick chargers are located in the outskirts of 

the eastern part of Uppsala, in general 4 km or farther. 

The specific charging stations have a various coverage ratio in between less than 1% up 

to nearly 13%. Two quick chargers in Uppsala have the same power output but different 

coverage ratio, which can depend on the different outlet types. 

The main conclusion is that more measurements of the charging sessions are needed. 

Measurements of electric energy consumption over time are needed in order to be able 
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to make future calculations of the electricity use of the charging outlets. With more data 

available it becomes possible to draw conclusions about how a remodelling and 

expansion of the charging infrastructure should look like. 
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Appendix A 

Table 10. PEV statistics over PEVs in Uppsala March 2016 based on data received 

from Johansson (2016). Battery capacity and type of PEV is presented for each PEV 

model. 

Carmodel Frequency 

Batterycap. 

[kWh] 

Total 

capacity 

[kWh] 

Type of 

PEV Frequency 

BMW 225XE 1 7,7 7,7 

 

PHEV 1 

BMW 330E 2 8 16 

 

PHEV 2 

AUDI A3 1 8,8 8,8 

 

PHEV 1 

Opel Ampera 6 16 96 

 

PHEV 6 

Citroen Berlingo 1 22,5 22,5 

 

BEV 1 

Citroen C-Zero 1 16 16 

 

BEV 1 

Ford Focus electric 2 23 46 

 

BEV 2 

Volkswagen golf 5 10 50 

 

BEV 5 

Volkswagen Golf GTE 5 8,7 43,5 

 

PHEV 5 

BMW I3 6 18,8 112,8 

 

BEV 6 

BMW I3 REX 12 18,8 225,6 

 

PHEV 12 

BMW I8 1 7,8 7,8 

 

PHEV 1 

Renault Kangoo 22 22 484 

 

BEV 22 

Fisker Karma 1 20,1 20,1 

 

PHEV 1 

Mitsubishi I-Miev 3 16 48 

 

BEV 3 

Mitsubishi Outlander 118 12 1416 

 

PHEV 118 
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Tesla Model S 40 85 3400 

 

BEV 40 

Nissan E-NV200 14 24 336 

 

BEV 14 

Nissan Leaf 24 24 576 

 

BEV 24 

Nissan Leaf 24 kWh 2 24 48 

 

BEV 2 

Nissan Leaf 30 kWh 2 30 60 

 

BEV 2 

KEWET EL-JET 4 1 7,2 7,2 

 

BEV 1 

RENAULT AG ZOE 10 22 220 

 

BEV 10 

RENAULT ZOE 4 22 88 

 

BEV 4 

VOLVO XC90 T8 

TWIN ENGINE 3 9,2 27,6 

 

PHEV 3 

BMW X5 

XDRIVE40E 1 9 9 

 

PHEV 1 

MERCEDES-BENZ 

639/4E VITO E-CELL 1 36 36 

 

BEV 1 

VOLVO V60 TWIN 

ENGINE 3 9,2 27,6 

 

PHEV 3 

VOLVO V60 PLUG 

IN HYBRID 1 11,2 11,2 

 

PHEV 1 

VOLVO G + V60 

PLUG IN HYBRID 10 11,2 112 

 

PHEV 10 
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Appendix B 

Table 11. Data of the inventory in Uppsala. 
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Appendix C 

Table 12. Data of planned charging outlets in Uppsala for 2016. 

 

 

 


