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Abstract

Electric Vehicle Charging Infrastructures In Cities

Kim Johansson Hjort, Johan Virtanen

The thesis develops a model for deployment of public charging stations for electric
vehicles and hybrids in the city of Uppsala in relation to the electricity demand.
Areas for deployment of public charging stations has been determined through traffic
flow analysis and is displayed in a map over the city of Uppsala.
The model was constructed using three different prognoses for an increase of electric
vehicles and hybrids. Through the prognoses the electricity demand has been
determined and the number of public charging stations in relation to the electricity
demand. It could be concluded that future public charging stations is difficult to
predict due to uncertainties concerning the future electric vehicle market.
In this study it is concluded that the number of public charging stations would not
have a significant impact on the total electricity use in the city of Uppsala.

ISSN: 1650-8319, UPTEC STS** ***
Examinator: Joakim Widén
Ämnesgranskare: Joakim Munkhammar
Handledare: Per Wickman



1 

 

Table of contents 

1.  Introduction _______________________________________________________ 4 

  1.1   Aim ____________________________________________________________ 5 

  1.2   System _________________________________________________________ 5 

  1.3   Limitations _____________________________________________________ 5 

2.  Background _______________________________________________________ 6 

  2.1  History of EVs and hybrids ________________________________________ 6 

  2.2  Vehicles that can be charged _______________________________________ 6 

  2.3  Advantages and disadvantage of EVs and hybrids _____________________ 7 

  2.4  Charging stations and placement ____________________________________ 7 

3.  Sustainable development _____________________________________________ 8 

4.  Methodology ______________________________________________________ 10 

  4.1  Model _________________________________________________________ 10 

  4.2  Data ___________________________________________________________ 11 

    4.2.1  Prognosis of the EVs and hybrids ________________________________ 11 

    4.2.2  Charging patterns and electricity use _____________________________ 12 

    4.2.3  Existing public charging stations in Uppsala city ___________________ 12 

    4.2.4  Traffic flow analysis ___________________________________________ 13 

5.  Results ___________________________________________________________ 14 

  5.1  Electricity use in Uppsala City _____________________________________ 14 

    5.1.1  Electricity use of prognosis 1 ____________________________________ 15 

    5.1.2  Electricity use of prognosis 2 ____________________________________ 16 

    5.1.3  Electricity use of prognosis 3 ____________________________________ 17 

  5.2  Number of needed charging stations in relation to demand _____________ 19 

    5.2.1  Number of needed public charging stations prognosis 1 _____________ 19 

    5.2.2  Number of needed public charging stations prognosis 2 _____________ 20 



2 

 

    5.2.3  Number of needed public charging stations prognosis 3 _____________ 22 

  5.3  Deployment of public charging stations _____________________________ 23 

6.  Sensitivity analysis _________________________________________________ 23 

7.  Comparison to previous studies ______________________________________ 24 

8.  Discussion ________________________________________________________ 25 

  8.1  Limitations and assumptions ______________________________________ 25 

  8.2  Charging stations, demand and number _____________________________ 25 

  8.3  Credibility of the study ___________________________________________ 27 

  8.4  Uppsala municipality _____________________________________________ 27 

  8.5  Future aspects __________________________________________________ 28 

9.  Conclusions ______________________________________________________ 29 

References __________________________________________________________ 30 

Web site ____________________________________________________________ 30 

Online Publications __________________________________________________ 33 

Email correspondence ________________________________________________ 33 

Printed publications __________________________________________________ 33 

Personal interviews ___________________________________________________ 34 

Other references _____________________________________________________ 34 

Appendix 1: _________________________________________________________ 35 

Equations ___________________________________________________________ 35 

Appendix 2: _________________________________________________________ 37 

Calculations _________________________________________________________ 37 

 

 

 

 

 



3 

 

List of terms used in this report. 

EV Electric vehicle: Vehicle powered by electricity. 

BEV Battery electric vehicle: Vehicle powered by electricity 

with battery on board. 

HEV Hybrid electric vehicle: Vehicles powered by internal 

combustion engine and electric engine. It is not possible to 

recharge from the grid. 

PHEV Plug-in hybrid electric vehicle: Vehicle powered by 

electricity. Possible to charge from the grid. 

EV and Hybrid Umbrella term for all vehicles above 
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1. Introduction 

One short-term goal of the energy policy in Sweden is that all vehicles will be fossil-

fuel free by 2030, which would be a significant contribution to achieving the long-term 

goal of having a climate-neutral Sweden by 2050. To achieve this, the electric vehicles 

(EVs) and hybrids play a significant role [1]. 

Through more efficient technology and decreasing costs for batteries, EVs and hybrids 

have become more common. According to Statistics (2015), the number of cars in 

Sweden that can run on electricity is 9367, or 0.2 percent of the total car fleet in Sweden 

[2]. During 2015 they are expected to increase by 49 percent and the demand for the 

infrastructure of public charging stations is rising in line with the increase of EVs and 

hybrids [3]. 

As of March 2015, the total numbers of public charging stations in Sweden were 1025 

[4]. And the Swedish government’s goal is to increase the number of public charging 

stations in order to help reduce the number of cars using fossil fuel [4]. Amsterdam as 

an example, when a person purchases an EV they will be given a reserved parking space 

with a charging station and also free electricity in connection to their residential 

building [5]. 

In Uppsala city the number of EVs and hybrids were 645 in year 2013 [6], which 

represent 7 percent of the total EVs and hybrids in Sweden. The infrastructure is built 

by 47 available public charging stations in the city of Uppsala, year 2015 [7]. With an 

increasing number of charging stations this could improve the prospects for a 

sustainable development, which is an important factor to reach the government climate 

goals [8]. 

In order to determine how many charging stations in relation to electricity demand for 

EVs and hybrids are needed in Uppsala city, an investigation of different types of 

charging patterns will be made. The patterns will be divided into categories that cover 

the charging patterns: low-, medium- and high use. Also the different charging stations 

use different levels of power for charging and they are divided in to: normal-, semi-

quick- and quick. To estimate the number of public charging stations, a prognosis of 

EVs and hybrids growth will be done. The prognosis will give a view of how many 

public charging stations are needed in relation to the electricity demand and increase of 

vehicles. Through that the need for each type of charging station will be estimate. 

Furthermore, the electricity use by charging of EVs and hybrids will be compared with 

the total use of electricity in the city of Uppsala to estimate the total impact on the 

power system. 

This bachelor thesis will investigate the electricity demand of public charging stations 

in relation to use by number of EVs and hybrids. Also estimates for placement of new 

public charging stations will be made. The project is commissioned by Solelia 

Greentech AB with external supervisor Per Wickman from Solelia and Joakim 

Munkhammar from Uppsala University. 
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1.1 Aim 

Our aim of this thesis is to investigate the electricity demand of the public charging 

stations. If the EVs and hybrids are going to increase in the future the infrastructure will 

have to be expanded. With an expanded infrastructure, an investigation about which 

areas that would be best for deployment of new public charging stations in the city of 

Uppsala needs to be done. The result will be based on existing and predicted number of 

EVs and hybrids, traffic flows and already existing public charging stations in Uppsala 

city. Proposed areas to install new charging stations will be presented in a map. And 

specifically, we aim to answer the following questions: 

 How many public charging stations are needed in order to cover the electricity 

demand for future public charging, by the expected number of EVs and hybrids? 

 Where should the public charging stations be placed for the best efficiency in 

terms of traffic flow? 

 How will new public charging stations affect the power grid in Uppsala city in 

terms of electricity use? 

1.2 System 

The investigated system in this report is the electricity demand of EVs and hybrids 

infrastructure in the city of Uppsala, due to a planned expansion of public charging 

stations this is of interest for the municipality of Uppsala. Solelia Greentech AB is the 

client of this project, and they work with charging stations powered by solar power and 

they cooperate with Uppsala municipality to develop a charging infrastructure. A 

problem in the city of Uppsala is charging EVs and hybrids at home for those residents 

in apartment houses built in the late 1920s. The parking in these areas is limited and 

there is no easy access to charging. The municipality has a future goal for all newly 

built houses: enable the possibility for charging EVs and hybrids [9]. 

1.3 Limitations 

This report focuses on the charging infrastructure for EVs and hybrids in the city of 

Uppsala. Electricity demand and number of needed public charging stations will be 

calculated. Estimating placing of public charging stations will be kept within the limited 

area. The proposed locations of the public charging stations are only generally indicated 

and not a precise location of where the deployment can be made. We assume that the 

power distribution is sufficient at these locations. 

The charging stations: normal-, semi-quick- and quick, each have different setup of 

power. That means different levels of power and time for charging. The calculations for 

normal-, semi-quick- and quick charging will use one level of power each. 

Any increase or decrease of population has not been taken into consideration. And when 

a new EV or hybrid is purchased it is assumed that the old internal- combustion engine 

vehicle is replaced. 
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2. Background 

This section will give an overview of different types of charging, and different types of 

EVs and hybrids. Advantages and disadvantages with EVs and hybrids are explained 

and also different alternatives of charging stations. 

2.1 History of EVs and hybrids 

EVs and hybrids are not new inventions. As early as 1827 rudimentary electric vehicles 

were constructed. Ányos Jedlik, a Slovak-Hungarian priest, built a crude electric motor. 

The year after the motor was used as an engine in a small car [10]. The first working EV 

for the road was built in 1873 by Robert Davidson. Unfortunately the iron/zinc batteries 

that powered the car were disposables [11]. And in the beginning of 1900s Ferdinand 

Porsche launched a hybrid vehicle with a combustion engine and two electric motors. 

Until 1915 these cars became popular in USA but the combustion engine vehicle 

eventually become more popular due to better range etc. [12]. 

Pure EVs of today has no engine which makes emissions. The vehicle is powered by 

one or several electric engines, which are powered by electricity from a battery. The 

battery is chargeable via the power grid [13]. In comparison to the internal-combustion 

engine the vehicle is powered by reactance of combustion [14]. The reactance produces 

emissions that could cause environmental issues [15]. 

Due to electric engine efficiency EVs are generally cheap ways of transportation 

compared with combustion engine vehicles. Also when the prices for EVs and hybrids 

drop, it becomes more interesting to buy and more people can purchase some sort of 

EV. In 2015 more than 3 percent of sold vehicles worldwide are electric and predicted 

growing to around 7 percent by 2020 [16]. 

2.2 Vehicles that can be charged 

There are both pure EVs and hybrids that can be charged from the power grid. 

Battery electric vehicle, BEV is built by one or more electric motor and is powered by 

electricity from a battery. The battery gets charged from the power grid. And this type 

of motor has an efficiency factor about three times higher than the combustion engine 

[17]. That results in a lower total energy use. It is possible to drive distances from 100 

to 500 km with a BEV before the battery needs to be charged again [18-19]. 

Plug-in Hybrid electric vehicle, PHEV is another EV which has both a combustion 

engine and a battery. The power grid can charge the battery. This type of vehicle can 

run approximately 15-80 km on the battery itself. In other words, it is possible to drive 

short distances without using the combustion engine [20]. 

The third is Hybrid electric vehicle, HEV. The HEV has two different engines: one 

combustion engine and one electric engine. The combustion engine is charging the 
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electric motor batteries during the journey. The battery will also be charged during 

breaking and idling. Energy from both heat waste and breaking is being utilized which 

reduce the fuel consumption. This type of vehicle does not use charging via a charging 

station and the power grid [21]. 

2.3 Advantages and disadvantage of EVs and hybrids 

In general the electric engine has a low noise level. This is both an advantage and a 

disadvantage. Lower noise reduces traffic noise. But it could also create problems for 

pedestrians and cyclist because they cannot hear the vehicle approaching. However, 

some EVs and hybrids have a built-in function which activates a sound at low speed, in 

order to alert pedestrians and cyclists [22]. 

Most EVs and hybrids have the battery mounted in the bottom plate, which results in a 

low distribution of weight. This stabilize the cars handling since the vehicle is planted 

on to the road and that makes it easier to handle side sway. A disadvantage with EVs 

and hybrids is the expensive batteries, even though the prices of batteries have been 

reduced over time [22]. So far the range of EVs is also limited. This results in range 

anxiety which is an emotional response to range limitations. The battery technology for 

longer range already exists but it is expensive. With a limited range, the access of public 

charging stations is necessary. The total amount of access to EV and hybrid charging 

stations is limited in Sweden. This could be a problem for EV- owners who want to 

drive longer distances. New charging stations are being built all the time, but not at the 

same pace as the increase of EVs [22]. 

 

In contrast to the combustion engine vehicles, EVs run on cheap fuel: electricity. The 

cost for driving an EV is approximately 1-2 Swedish crowns per ten kilometers. A 

modern equivalent petrol or diesel vehicle costs more than ten crowns to drive the same 

distance. Even though the fuel of an EV and hybrid is cheap, the price of purchasing an 

EV or hybrid is comparatively high. However, the price is expected to decrease as they 

become more common [22]. 

Another important advantage is the extensive power grid in Sweden, where electricity is 

available in many places, in particular cities. Installing charging stations is cheaper than 

building new biogas and petrol stations [22]. 

2.4 Charging stations and placement 

EVs and hybrids can be charged by different levels of power. High power charging 

implicates a quick charging process of the battery. However, higher levels of power 

results in higher costs for installations of charging stations. 

Normal Charging is the most frequent used charging type. It is charging the EVs and 

hybrids by a low level of power and over a long time. The charging can take up to nine 

hours and this makes it more convenient for charging at home or at work. The levels of 

power of this type is 2.3 – 3.7 kW (10 ampere with 230 volt - 16 ampere with 230 volt) 
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[23]. The charging time is the longest for normal charging these stations need to be 

placed where the vehicle can be parked for several hours. For example workplaces, 

residential areas and long-time parking are alternatives for placement. Charging stations 

could also be placed nearby bus – or train stations where the driver can park the car 

during a longer trip [24]. 

Semi-Quick Charging is a quicker type of charging than normal charging. This type of 

charging is typically used in public charging stations and usually takes approximately 

between 30 minutes and two hours to charge the battery to 80 percent. The power of this 

type is 22 kW (55 ampere with a voltage of 400 volt) [23]. Suitable placement for semi-

quick chargers could be grocery stores, restaurants or tourist attractions [25]. 

Quick Charging is the fastest charging and it has high power. The charging time is 

between 20 to 30 minutes and the power of this type is 50 kW (125 ampere with a 

voltage of 400 volt) [23]. Proper placement could be near fast food restaurants, coffee 

shops and service areas along the road [25]. 

Placing charging stations throughout the city at various public places is hard. There is 

no clear strategy for placing the stations. It will be necessary to use different strategies 

for deployment of the three different types of chargers [25]. There are also alternatives 

to the common charging stations. Instead of only placing new stations at parking lots 

and other similar places, there is a possibility to convert existing engine pre-heater and 

lampposts [26]. Doing these conversions is relatively easy and cheap [27]. 

However, the problem will be harder to solve if the only option for the EV- and hybrid-

owner is on-street parking [27]. 

3. Sustainable development 

The goal with sustainability is that future generations should be able to live with the 

same or better standard as the current world [28]. 

The theory of three spheres of transformation is about practical, political and personal 

transformations. For a deeper understanding of the complex system of climate change 

made by vehicles, this theory is usable. The practical sphere represents the changes in 

behavior and social and technical innovations. A typical focus is transformative 

pathways toward emissions stabilization in this sphere [29]. 

To achieve the climate goals the political sphere has an impact of the previously 

mentioned sphere. The political sphere represents the system and structure that define 

the limitations and possibilities where the practical transformation takes place. Problems 

and solutions are identified, defined and delimited in this sphere. Societies have 

established dominant systems and structures through time and past and present beliefs 

[30]. 
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The personal sphere is where the transformations of individual and collective values 

and beliefs occur. Personal changes are most powerful of these three different spheres 

and can lead to new understandings through knowledge, which could be interacted with 

the world [30]. 

A problem with sustainable development is the lack of knowledge and the word 

sustainability is not really defined [31]. In order for us to discuss sustainability we need 

to narrow it down to our field of research. The environmental issue is widely discussed 

in society and cars running on fossil fuels have a considerable part of the discussion. 

CO2-emissions have a large impact of the greenhouse effect and carmakers are trying 

their best to reduce the emissions from their cars [32]. The Swedish government has a 

green vehicle bonus for people buying environmentally friendly vehicles [33]. 

The fact of the matter remains that vehicles still produce CO2-emissions, regardless the 

quantity. Throughout the lifecycle for a combustion engine CO2-emissions are created 

at various times and frequently discussed. However, if the engine itself is seen as the 

issue and not the entire vehicle you realize that a change in engine could remove CO2-

emissions for end users. By using an electric engine the vehicle will not produce any 

emissions while driving [34]. Changes could be made in early stages if the entire chain 

of production is taken into consideration [35]. 
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4. Methodology 

EVs and hybrids charging data were obtained from models for EV charging presented in 

[36]. Levels of power for charging stations were obtained from models for EV charging 

presented in [36]. Background studies have been made of previous publications such as 

models for EV charging present in [36] and methods of deployment for EVs are 

presented in [24]. The following section contains the model and data used in the 

calculations for EV and hybrid electricity use. 

4.1 Model 

The model is based on the assumption that all EVs and hybrids can be charged from the 

grid, see figure 1. All the equations are attached in appendix 1. 

 

Figure 1. Model of needed number of public charging stations relative to electric 

demand. Prognoses 1, 2 and 3 are presented in section 4.2.1. 

The model is developed in order to estimate the number of needed public charging 

stations in relation to the electricity demand and through the future prognoses. Future 

prognoses are the data number of EVs and hybrids that the model is based on. To 

achieve this, the model calculates the total electricity use per year from charging of EVs 

and hybrids in the city of Uppsala. The EV- and hybrid owners are divided into three 

categories of charging: low-, medium- and high. The number of owners is based on the 

number of EVs and hybrids. 
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The electricity use for charging EVs and hybrids per year and for each type of charger: 

normal, semi-quick and quick will also be simulated in the model. The different types of 

charging stations have been limited to one level of power each. It is likely that the 

majority of charging will either be at home or at the workplace, since the majority of 

time is spent at these locations [24, 37]. Therefore it is interesting to consider scenarios 

of 10%, 20% and 30% of the time for public charging, where 30% is assumed as an 

upper limit. These scenarios could be more accurately constrained with the aid of future 

more detailed data for EV and hybrid charging and use behavior. Another assumption of 

public charging stations is the limit to be used half the time of a day. The total 

electricity use of public charging will be divided from these utilization cases. Needed 

public charging stations are based on a percentage of distribution for normal-, semi-

quick- and quick chargers in Uppsala in year 2015. 

4.2 Data 

The different parameters used in the calculations are explained below. 

4.2.1 Prognosis of the EVs and hybrids 

Three produced prognoses for how the increase of EVs and hybrids could be over a 

period of 14 years are shown in figure 2. 

 Prognosis 1: no increase of EVs and hybrids 

 Prognosis 2: increase of 400 EVs and hybrids per year 

 Prognosis 3: increase of 49 % of EVs and hybrids per year 

 

 

Figure 2. Graph of the EVs and hybrids prognosis over 14 years. 
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The first prognosis has no increased of EVs and hybrids from 2013 with a total number 

of 645 EVs and hybrids until 2029 in the city of Uppsala. An insignificant increase of 

EVs and hybrids until 2015 is assumed [6]. Prognosis 2 is a linear increase of 400 EVs 

and hybrids per year from 2015 until 2029. It is based on the increase of EVs and 

hybrids from 2013 until 2014, which were approximately 400 EVs and hybrids in the 

city of Uppsala [38]. The third prognosis is an exponential increase with 49 % per year 

[3]. This prognosis is based on expected number of EVs and hybrids in Sweden at the 

end of year 2015. With an increase of 49 % of EVs and hybrids the number of fossil 

fueled cars in the city of Uppsala will be replaced in year 2029. 

4.2.2 Charging patterns and electricity use 

Uppsala's electricity use in 2013 was 4428310 MWh [39]. The electricity used by EVs 

and hybrids are in minimum 1.5 MWh and maximum 5 MWh per car and year based on 

model estimates from [36]. The calculations are based on three different charging 

patterns. Patterns are divided into low-, medium- and high use of electricity per year and 

car. The low chargers use 1.5 MWh electricity per car and year. Medium use 3.25 MWh 

electricity per car and year, and the high use 5 MWh electricity per car and year [36]. 

The charging patterns are also divided in two: home and public charging. All EVs and 

hybrids are assumed using home charging and the utilization of public charging is 

divided into 10 %, 20 % and 30 %. 

4.2.3 Existing public charging stations in Uppsala city 

Today in 2015 there are 47 public charging stations distributed across Uppsala city [7]. 

They have been divided into normal-, semi-quick- and quick charging. Different levels 

of power make the classifications. In the calculations, normal charging has a level of 

power of X = 3.7 kW, the semi-quick charging has Y = 22.0 kW and the quick charging 

has Z = 50.0 kW [23], as was mentioned in section 2.4. The level of power comes from 

multiplying ampere with voltage [40]. 

The distribution of todays existing public charging stations in Uppsala city are 27 

normal-, 16 semi-quick- and 4 quick chargers, see table 1 [7]. 

Table1. Distribution of todays public charging stations in percent. 

Distribution of the existing charging stations in %. (2015) 

Normal 57.4 

Semi-Quick 34.1 

Quick 8.50 
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4.2.4 Traffic flow analysis 

Uppsala municipality collects traffic flow from driveways in and out of the city. The 

city is divided into three areas based on these traffic flows. The orange area is 

considered as west of Uppsala, the black dotted area is north and the town center. The 

blue area is south of Uppsala City, see figure 3. The areas are based on three 

entries/exits to the city. Vehicles move from the west (road 55) and the highway (E4) 

from both north and south. 24.5 percent vehicles circulate in the west, 38.4 percent in 

the north and 37.1 percent in the south area [6]. 

 

Figure 3. Map over Uppsala City’s areas of traffic flows. (QGIS Development Team, 

2015. QGIS Geographic Information System. Open Source Geospatial Foundation 

Project.)[41]. 
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5. Results 

Results are based on all EVs and hybrids that can receive charging. Both pure EVs and 

hybrids are included. As mentioned in the background HEVs does not use external 

electricity charging but this has not been regarded in the calculations. 

5.1 Electricity use in Uppsala City 

Electricity use of EVs and hybrids in Uppsala City is calculated from the different 

prognosis of EVs and hybrids, from 2015 until 2029.  The electricity use is parallel with 

the prognoses for increase of EVs and hybrids, see table 2. 

Table 2. Total electricity use from EVs and hybrids charging in the city of Uppsala, 

depending on increase of EVs and hybrids. 

Number of EVs and hybrids 
 

Electricity use 

 
645 

  
2096 

 

 
2645 

  
8596 

 

 
4645 

  
15096 

 

 
4736 

  
15392 

 

 
6245 

  
20296 

 

 
34787 

  
113058 

 

 
153499 

  
499332 

  

If all the combustion engines would be replaced by EVs and hybrids the electricity use 

by charging would be 499 GWh. The total uses of electricity in Uppsala 2013 were 

4428 GWh, which means that a replacement of EVs and hybrids would equal 11.3% of 

the total city electricity use in 2013. 
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5.1.1 Electricity use of prognosis 1 

Electricity used by public charging based by 10%, 20% and 30 % utilization in the city 

of Uppsala is presented below, see figure 4. 

 

 

Figure 4. Electricity used by public charging in 2015 with the prognosis of no increas, 

645 EVs and hybrids. 10%, 20% and 30% of utilization of public charging. Also 

charging at home is showed. 

The total electricity used by the prognosis 1 with no increase of EVs and hybrids and 

645 EVs and hybrids is 2096 MWh per year. With this assumption of 10%, 20% and 

30% of public charging, the charging at home will be the main charging and it is 

corresponding the current status of charging (2015). And for the electricity use by 

public charging and home charging in numbers, see table 3. 

Table 3. Electricity use of public and home charging by 2015, MWh/year. 645 EVs and 

hybrids with prognosis 1. 

 
10% 20% 30% 

Charging public 210 419 629 

Charging at home 1886 1677 1467 

Total use 2096 2096 2096 
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5.1.2 Electricity use of prognosis 2 

The second prognosis with increase of 400 EVs and hybrids per year from 2020 until 

2029 will have a total electricity use of 8596 MWh/year, 15096 MWh/year and 20296 

MWh/year. It is calculated with the 2645, 4645 and 6245 numbers of EVs and hybrids, 

see figure 5. 

 

Figure 5. Electricity used by public charging from 2020 until 2029. Prognosis with 

increase of 400 EVs and hybrids per year. 10%, 20% and 30% of utilization of public 

charging. Also charging at home is showed. 

The total electricity used by the increase of 400 EVs and hybrids per year, with 2645 

EVs and hybrids in year 2020 would be 8596 MWh per year. Value for electricity use 

from public charging and home charging, see table 4. 

Table 4. Electricity use of public and home charging by 2020, MWh/year. 2645 EVs and 

hybrids with prognosis 2. 

 
10% 20% 30% 

Charging public 859 1719 2579 

Charging at home 7736 6876 6017 
Total electricity use 8596 8596 8596 

 

The total electricity used by the increase of 400 EVs and hybrids per year, with 4645 

EVs and hybrids in year 2025 would be 15096 MWh per year. Value for electricity use 

from public charging and home charging, see table 5. 
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Table 5. Electricity use of public and home charging by 2025, MWh/year. 4645 EVs and 

hybrids with prognosis 2. 

 
10% 20% 30% 

Charging public 1509 3019 4528 

Charging at home 13587 12077 10567 

Total electricity use 15096 15096 15096 

 

The total electricity used by the increase of 400 EVs and hybrids per year, with 4645 

EVs and hybrids in year 2029 would be 20296 MWh per year. Value for electricity use 

from public charging and home charging, see table 6. 

Table 6. Electricity use of public and home charging by 2029, MWh/year. 6245 EVs and 

hybrids with prognosis 2. 

 
10% 20% 30% 

Charging public 2030 4059 6089 

Charging at home 18266 16237 14207 
Total electricity use 20296 20296 20296 

5.1.3 Electricity use of prognosis 3 

The prognosis with increase of 49 % of EVs and hybrids per year from 2020 until 2029 

will have a total electricity use of 15392 MWh/year, 113058 MWh/year and 499332 

MWh/year. The calculations are based by the number 4736, 34787and 153499 of EVs 

and hybrids, see figure 6. 

Figure 6. Electricity used by public charging from 2020 until 2029. Prognosis with 

increase of 49 % EVs and hybrids per year. 10%, 20% and 30% of utilization of public 

charging. Also charging at home is showed. 
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The total electricity used by the increase of 49 % EVs and hybrids per year, with 4736 

EVs and hybrids in year 2020 would be 15392 MWh per year. Value for electricity use 

from public charging and home charging, see table 7. 

Table 7. Electricity use of public and home charging by 2020, MWh/year. 4736 EVs and 

hybrids with prognosis 3. 

 
10% 20% 30% 

Charging public 1539 3078 4618 

Charging at home 13853 12314 10774 
Total electricity use 15392 15392 15392 

 

The total electricity used by the increase of 49 % EVs and hybrids per year, with 34787 

EVs and hybrids in year 2025 would be 113058 MWh per year. Value for electricity use 

from public charging and home charging, see table 8. 

Table 8. Electricity use of public and home charging by 2025, MWh/year. 34787 EVs 

and hybrids with prognosis 3. 

 
10% 20% 30% 

Charging public 11306 22612 33917 

Charging at home 101752 90446 79141 
Total electricity use 113058 113058 113058 

 

The total electricity used by the increase of 49 % EVs and hybrids per year, with 

153499 EVs and hybrids in year 2029 would be 499332 MWh per year. Value for 

electricity use from public charging and home charging, see table 9. 

Table 9. Electricity use of public and home charging by 2029, MWh/year. 153499 EVs 

and hybrids with prognosis 3. 

 
10% 20% 30% 

Charging public 49933 99866 149800 

Charging at home 449399 399466 349532 
Total electricity use 499332 499332 499332 
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5.2 Number of needed charging stations in relation to demand 

Today the number of public charging stations in Uppsala City is 47 and in relation to 

the demand, it is more stations than needed. The following flowchart shows how many 

public charging stations are needed by each year and along with number of EVs and 

hybrids, see figure 7. This will be according to the three prognoses. 

 

Figure 7. Model of needed number of public charging stations relative to electricity 

demand based on the three different prognosis of increase by EVs and hybrids in 

Uppsala City. 

5.2.1 Number of needed public charging stations prognosis 1 

The total number of needed public charging stations with todays 645 existing EVs and 

hybrids compared to demand are total 4, 7 and 11 stations, see table 10. With a 

utilization of 10 % it will be needed 4 public charging stations in relation to electricity 

demand for charging of EVs and hybrids. And 7 public charging stations if 20 % are 

utilized and 11 in the 30 % utilized case. The number of different types of chargers: 

normal-, semi-quick- and quick are represented in table 10. Normal chargers are most 

frequent because the calculations are based on the existing charging stations. 
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Table 10. Number of needed public charging stations: normal-, semi-quick- and quick. 

Prognosis 1 with no increase, 645 EVs and hybrids. From 2015 until 2029. 

Type of charging station / utilization 10% 20% 30% 

Normal 2 4 6 

Semi-Quick 1 2 4 

Quick 1 1 1 

Total 4 7 11 
  

The increase of needed public charging stations by the prognosis 1, from 2015 until 

2029 is represented in figure 8. 

 

Figure 8. The graph shows the needed numbers of public charging stations. Prognosis 1 

no increase, 645 of EVs and hybrids from 2015 until 2029. 

5.2.2 Number of needed public charging stations prognosis 2 

In the second prognosis the number of EVs and hybrids in year 2020 will be 2645. That 

number of EVs and hybrids will need 14, 28 and 42 public charging stations in relation 

to 10 %, 20 % and 30 % utilized public charging, see table 11. 

Table 11. Number of needed public charging stations: normal-, semi-quick- and quick. 

Prognosis 2 with linear increase, 2645 EVs and hybrids in 2020. 

Type of charging station / utilization 10% 20% 30% 

Normal 8 16 24 

Semi-Quick 5 10 14 

Quick 1 2 4 

Total 14 28 42 
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The second prognosis of EVs and hybrids in year 2025 will be 4645. That number of 

EVs and hybrids will need 24, 50 and 74 public charging stations in relation to 10 %, 20 

% and 30 % use of public charging, see table 12. 

Table 12. Number of needed public charging stations: normal-, semi-quick- and quick. 

Prognosis 2 with linear increase, 4645 EVs and hybrids in 2025. 

Type of charging station / utilization 10% 20% 30% 

Normal 14 29 43 

Semi-Quick 8 17 25 

Quick 2 4 6 

Total 24 50 74 
 

Number of EVs and hybrids in year 2029 with the second prognoses will be 6245. That 

number of EVs and hybrids will need 33, 67 and 100 public charging stations in relation 

to 10 %, 20 % and 30 % use of public charging, see table 13. 

Table 13. Number of needed public charging stations: normal-, semi-quick- and quick. 

Prognosis 2 with linear increase, 6245 EVs and hybrids in 2029. 

Type of charging station / utilization 10% 20% 30% 

Normal 19 38 57 

Semi-Quick 11 23 34 

Quick 3 6 9 

Total 33 67 100 

 

An overview with the linear increase by prognosis 2 of needed public charging stations 

from 2015 until 2029 will be represented in figure 9. 

 

Figure 9. The graph shows the needed numbers of public charging stations. Prognosis 2 

with linear increase, 2645, 4645 and 6245 EVs and hybrids from 2015 until 2029. 
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5.2.3 Number of needed public charging stations prognosis 3 

In the third prognosis the number of EVs and hybrids in year 2020 will be 4736. That 

number of EVs and hybrids will need 26, 50 and 76 public charging stations in relation 

to 10 %, 20 % and 30 % use of public charging, see table 14. 

Table 14. Number of needed public charging stations: normal-, semi-quick- and quick. 

Prognosis 3 with exponential increase, 4736 EVs and hybrids in 2020. 

Type of charging station / utilization 10% 20% 30% 

Normal 15 29 44 

Semi-Quick 9 17 26 

Quick 2 4 6 

Total 26 50 76 

 

In the third prognosis the number of EVs and hybrids in year 2025 will be 34787. That 

number of EVs and hybrids will need 186, 373 and 557 public charging stations in 

relation to 10 %, 20 % and 30 % use of public charging, see table 15. 

Table 15. Number of needed public charging stations: normal-, semi-quick- and quick. 

Prognosis 3 with exponential increase, 34787 EVs and hybrids in 2025. 

Type of charging station / utilization 10% 20% 30% 

Normal 107 214 320 

Semi-Quick 63 127 190 

Quick 16 32 47 

Total 186 373 557 
 

With the third prognosis in year 2029 the number of EVs and hybrids will be 153499. 

That means all the cars in Uppsala would be EVs and hybrids. In relation to electricity 

demand, EVs and hybrids will need 822, 1643 and 2510 public charging stations with 

utilization 10-, 20- and 30 %, see table 16. 

Table 16. Number of needed public charging stations: normal-, semi-quick- and quick. 

Prognosis 3 with exponential increase, 153499 EVs and hybrids in 2029. 

Type of charging station / utilization 10% 20% 30% 

Normal 472 943 1460 

Semi-Quick 280 560 840 

Quick 70 140 210 

Total 822 1643 2510 
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An overview with the exponential increase by prognosis 3 of needed public charging 

stations from 2015 until 2029 will be represented in figure 10. 

 

Figure 10. The graph shows the needed numbers of public charging stations. Prognosis 

3 with increase of 49 % per year.4736, 34787 and 153499 EVs and hybrids from 2015 

until 2029. 

5.3 Deployment of public charging stations 

The traffic analyses of vehicle flows show three areas, see figure 3 in section 4.6. 

Vehicles move from the west (road 55) and the highway (E4) from both north and 

south. 24.5 percent circulate in the west, 38.4 percent in the north and 37.1 percent in 

the south area. Through this analysis the number of needed public charging stations will 

be divided by the percentage from each area. 

6. Sensitivity analysis 

This section will discuss factors that could change the outcome of the results reached in 

this study. It is important to show the models development opportunities for future 

studies. 

Two of three prognoses are showing an increase of EVs and hybrids. If this prognosis 

does not become reality the number of needed public charging stations will be different. 

However, the number of public charging stations is likely to be within our range of 

lowest and highest number of stations. If the number of sold EVs and hybrids exceeds 

153499 (total number of cars in Uppsala, 2015) more stations could be needed. 

With the increase of EVs and hybrids the different cases, 10%, 20% and 30 % 

utilization of public charging shows two different growths. Public charging with the 
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first prognosis shows a constant number of charging stations until 2029. The second 

prognosis shows a linear increase of public charging stations until 2029. And the same 

are demonstrated with electricity use: the first prognosis has constant electricity use and 

the second has a linear increase of electricity use. With this prognosis it could continue 

to increase at the same rate depending on the technological development. Any 

technological development of EVs, hybrids and combustion engines is neglected. 

 

When it comes to the number of public charging stations in Uppsala it exceeds the need 

at the moment. This is only true when the EV- and hybrid owner also charge at home. It 

is assumed that public charging stations are used half the time but this parameter can be 

changed for future use of the model. The 10%, 20% and 30% scenarios contribute as a 

sensitivity analysis in this report. There could be more or less use of public charging 

stations and that will result in a different number of needed charging stations. Through 

the process it is understood that EV- and hybrid owners are asking for more charging 

stations. Another parameter in the calculations is the power of charging stations. The 

different levels of power for charging stations are not covered. It would not be decisive 

for the electricity use to consider all levels of power. 

7. Comparison to previous studies  

Previously a thesis done by Lindblad, discuss deployment methods of EVs public 

charging stations. Lindblad has concluded that the most charging will be at home or 

work and the public charging will work as a complement. Except from those cases 

where an EV- owner do not have access to their own parking lot. Public charging will 

be used more in those cases. EV market is assumed to grow and the needs for more 

public charging stations will increase. Lindblad focus on the methods for deployments, 

and three cases for public charging where identified. Deployments for the different 

cases are based on: firstly, where normal public charging could be deployed within the 

city area. Secondly, quick public charging within the city area. Lastly, public charging 

stations alongside a major road [24]. 

The conclusion regarding most charging at home and work has been a basic data for this 

investigation. Focus has been on the electric demand for the public charging stations. 

Our investigation cover the needs of public chargers by the already existing EVs and 

hybrids, the exponential extreme case if all the cars would be replaced by EVs and 

hybrids, and also a linear increase of the EVs and hybrids between. Numbers of possible 

needed public charging stations in relative to the electric demand has also been present. 
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8. Discussion 

In this section limitations and assumptions, the results of charging stations electricity 

demand and number of public charging stations and Uppsala municipality’s possible 

problems with access to charging will be discussed. In the end of this section possible 

future investigations will also be raised. 

8.1 Limitations and assumptions 

This investigation regards electricity use and placement of public charging stations for 

EVs and hybrids and it is limited to the city of Uppsala. Uppsala is a typical city region 

in Sweden with plans for an increased amount of charging stations and therefore it 

makes a suitable case study for this project. For an investigation over charging 

infrastructure and new deployment in the city of Uppsala an assumption about an 

organized and readily accessible power grid is made. The mapping of the distributed 

power grid is a project in itself which is left for future projects. Sweden has a well-

organized power grid, including Uppsala. And the proposed locations of the public 

charging stations are only generally indicated, and not a precise location of where the 

deployment can be made. Focus has not been to research the parking situation. This is 

left for future studies. 

When it comes to the levels of power for the charging stations, each type: normal-, 

semi-quick- and quick chargers have several levels of power. Limitations to one level of 

power per charging station were an assumption. To obtain a more realistic overview the 

different charging powers should have been considered in the model. But this model 

shows a course of how the demand of the public charging stations could affect the 

electricity use by EVs and hybrids based by the prognosis which has been prepared. 

When people purchase a new EV or hybrid it is assumed that there old internal- 

combustion engine vehicle will be replaced. The increase or decrease of population has 

not been taken into consideration. It is difficult to know how the car market will change 

with an increase of EVs and hybrids. And it is hard to predict what will happen with the 

already existing cars. Some of the cars could go out of time and some go out on a 

second market. But if all the cars in Uppsala would be replaced by EVs and hybrids it is 

likely that all cars would be replaced and the combustion engines disappears from the 

market. 

8.2 Charging stations, demand and number 

For use of EVs and hybrids that operate in an environmentally sustainable way, the 

infrastructure of public charging stations is necessary. To obtain an overview for the 

increase of EVs and hybrids different prognoses shows three outcomes. The number of 

needed public charging stations relative electricity demand follow the increase of EVs 

and hybrids prognoses curves. The prognosis with no increase and 645 EVs and hybrids 

from 2015 until 2029, number of public chargers compared to demand will be 4, 7 and 
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11 with the 10%, 20% and 30% of use. These results present no increase and no succeed 

of EVs and hybrids within the next 14 years. 

The second prognosis with increase of 400 EVs and hybrids per year from 2015 until 

2029 is a linear increase. With this prognosis the EVs and hybrids will reach the number 

of 2645 in year 2020. The number of needed public charging stations compared to 

demand will be 14, 28 and 42 with the 10%, 20% and 30 % of use. In year 2025 the 

EVs and hybrids will reach the number of 4645. In year 2029 the EVs and hybrids will 

be 6245. The increase of EVs and hybrids and needed public charging stations in 

relation to electricity demand are linear. 

The third prognosis with an increase of 49 % of EVs and hybrids per year from 2015 

until 2029, will results in 4736 EVs and hybrids year 2020. Number of public charging 

stations compared to demand will be 26, 50 and 76 in the 10%, 20% and 30 % of public 

charging use. Year 2025 the EVs and hybrids will reach the number of 34787. In year 

2029 the EVs and hybrids will be 153499 which mean that all the combustion engine 

cars are replaced by EVs and hybrids. 

First the prognoses are made for the increase of EVs and hybrids. And the prognoses 

represent scenarios of how the increase could be. The model have also assumed the time 

of use by public charging and the variability between of low-, medium- and high 

charging patterns. All these parameters could affect the results. The calculations will 

give a benchmark and these parameters are not difficult to replace with other sets of 

data. However, if the EVs and hybrids will succeed the different prognosis cover 

maximum, minimum and a linear case between. 

According to our results an expansion of public charging stations in relation to 

electricity demand is not needed until year 2020. However, this is true in the case when 

less than 20% of EV- and hybrid owners use public charging. If 20% or more use public 

charging an expansion is needed. This corresponds to all prognoses we have made for 

year 2020. It is only when looking at the exponential increase of vehicles new stations 

have to be installed. For the linear prognoses it takes until 2025, if 20% or more of EV-

owners use public charging, for an expansion to be necessary. In the case where no EVs 

or hybrids are sold no public charging stations needs to be installed and the 

infrastructure is in stimulation. 

However, the numbers of EVs and hybrids in Uppsala city used in this study are from 

2013's statistics. Calculations with more recent data could improve the results slightly. 

If we look at the rising trend of EVs and hybrids it is plausible to assume that there are 

more than 645 EVs and hybrids in Uppsala at the moment (2015). In our calculations 

we have also assumed that all EV- and hybrid owners have access to charging at home. 

And in the number of EVs and hybrids we have also included plug-in hybrids since it 

considered and classified as a hybrid. These are unsure parameters which could create 

uncertain conclusions. 

Electricity use from EV and hybrid charging is small in relation to the entire city’s 

electricity use. If all cars in Uppsala would be replaced by EVs and hybrids the 
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electricity use would increase by 11.3% according to this study. This is an extreme case 

and a maximum electricity use from EVs and hybrids in Uppsala according to our 

results. 

8.3 Credibility of the study 

The three prognoses are based on statistics from Uppsala municipality, Statistics 

Sweden and Power Circle. These sources are assumed to be reliable. However, the 

prognoses could be flawed since there are factors that could change the outcome, e.g. 

the possible increase could differ. In order to get the most accurate result a more 

extensive prognosis has to be made.  

The increase in prognosis 2 is based on sales during the year 2014 in Uppsala. This 

number of vehicles was approximately 400 (408). Other linear increase has not been 

taken into consideration since Statistics Sweden is a reliable source. Furthermore, this 

number is easy to change in the calculations.  

The exponential increase is based on statistics from Power Circle. They have a 

prognosis for an increase in the year 2015. In the beginning of 2015 there were 9367 

EVs and hybrids in Sweden and are expected to be 14000 in the end of year 2015. This 

is an increase of 49% during the year 2015. The figures are applied to the hole of 

Sweden and an assumption has been made that the increase correlates all over the 

country. 

According to our three different prognoses the number of EVs and hybrids correlates 

with the calculated number of public charging stations. The ratio between stations and 

vehicles is approximately 0.005 when 10% use public charging stations.  The ratio is 

approximately 0.01 if 20% use public charging stations. The ratio between EVs and 

hybrids and public charging stations when 30% use public charging is 0.02.  

These prognoses are arbitrary and based on collected statistic. As mentioned a more 

thorough prognosis could improve the result. 

8.4 Uppsala municipality 

Throughout Uppsala there are residential areas built in the 1920s and 30s. And in some 

of these areas there is no allocated parking for the residents. Often on-street parking is 

the only option. This could create a problem for the residents whom own a chargeable 

vehicle. According to Uppsala municipality the optimal placing for a charging station is 

in front of the vehicle [9]. The kind of on-street parking available at the moment is with 

the long side of the vehicle against the sidewalk. In the residential areas that have their 

own parking, for example on the inner courtyard, that problem of charging is easier to 

solve. One solution to solve this issue could be a common "EV-parking only" for the 

owners with no own parking. 

One way to increase the number of chargers is to convert engine warmers and lampposts 

into charging stations. In parking such as multistoried car parks and residential areas 
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that already have engine warmers on each parking space the conversion creates easy 

access to charging. Conversion of lampposts is another possible solution for citizens 

whose only option is on-street parking. The remaining problem is how the cord could be 

drawn for easy access and not compromise the sidewalk. 

8.5 Future aspects 

For future studies the payment system is requested. A consumer survey could be a good 

investigation. Questions that could be treated are: How much are consumers prepared to 

pay for electricity? What distributions of public charging stations are preferred? When 

do they want to charge their EVs and hybrids? 

To get a more realistic view of the electricity use, all the different levels of power of the 

public charging stations may be taken into consideration. The equations (see appendix 

1) in this report could be used in order to calculate other cases of charging stations 

levels of power. Also, to what degree of use for public charging stations could be 

examined. To perform the deployment of new public charging stations, an investigation 

of precise deployment in terms of exact parking spaces need to be done. Also 

investigate the rules and costs for an investment. 

Out of the question, where should the process start? Is it the charging stations that feeds 

EVs and hybrids or is it the EVs and hybrids that feed charging stations? 
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9. Conclusions 

At the moment the number of public charging stations exceeds the need in Uppsala. 

However, this is with the requirement that each EV- and hybrid owner has the 

possibility of charging at home. When this limitation is taken into consideration the 

number of public charging stations is reasonable. For numbers of needed public 

charging stations in relation to electricity demand and number of EVs and hybrids, see 

table 16. 

Table 16. Number of public charging stations in relation to electricity demand and 

number of EVs and hybrids. 

Numbers of EVs and hybrids 10% 20% 30% 

645 4 7 11 

2645 14 28 42 

4645 24 50 74 

4736 26 50 76 

6245 33 67 100 

34787 186 373 557 

153499 822 1643 2510 
 

As the number of EVs and hybrids increases more public charging stations needs to be 

installed. When placing a new public charging station, proper places could be major 

parking lots near shopping areas, workplaces, hospitals, sports facilities and in 

multistoried car parks. These places are suggestions for placement. According to our 

result, 38.4 percent of all new public charging stations should be placed in the northern 

parts of Uppsala and in the city center. 37.1 percent should be placed in the south, and 

24.5 percent in the west of Uppsala, see figure 3 section 4.6. In general the best 

placement for public charging stations is based on destinations where EV- and hybrid 

owners can attend other errands while charging their vehicle. 

 

The total electricity use in Uppsala would not be affected in a large extent with any 

deployment of public charging stations. If all cars in Uppsala was changed into EVs and 

hybrids the electricity use would increase by 11.3% according to this study. 
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Appendix 1: 

Equations 

1. Numbers of low-, medium- and high charging patterns. The charging patterns are 

suggested one third each of the total numbers of EVs and hybrids. Multiply the total 

number of EVs and hybrids in the City of Uppsala with one third will present the 

number of different charging patterns: low, medium and high. 

𝐿𝑜𝑤−, 𝑀𝑒𝑑𝑖𝑢𝑚 −  𝑎𝑛𝑑 𝐻𝑖𝑔ℎ 𝑐ℎ𝑎𝑟𝑔𝑒 = 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑒𝑟 𝑜𝑓 𝐸𝑉′𝑠 ∙
1

3
 

 

2. Total electricity use from charging of EVs and hybrids in the city of Uppsala per 

year. Multiply the number of EVs and hybrids in Uppsala city with low-, medium- and 

high charge and electricity use, and then summarize these together. Low-, medium- and 

high charge are presented in eq1. Low-, medium and high use is the electricity patterns: 

1MWh, 3,25MWh and 5MWh. 

𝑇𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒 = 

(𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑉′ 𝑎𝑛𝑑 ℎ𝑦𝑏𝑟𝑖𝑑𝑠 𝑖𝑛 𝑈𝑝𝑝𝑠𝑎𝑙𝑎 𝑐𝑖𝑡𝑦) ∙ (𝐿𝑜𝑤 𝑐ℎ𝑎𝑟𝑔𝑒) ∙  (𝐿𝑜𝑤 𝑢𝑠𝑒) +                       

(𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑉′ 𝑎𝑛𝑑 ℎ𝑦𝑏𝑟𝑖𝑑𝑠 𝑖𝑛 𝑈𝑝𝑝𝑠𝑎𝑙𝑎 𝑐𝑖𝑡𝑦) ∙ (𝑀𝑒𝑑𝑖𝑢𝑚 𝑐ℎ𝑎𝑟𝑔𝑒)  ∙  (𝑀𝑒𝑑𝑖𝑢𝑚 𝑢𝑠𝑒) +
(𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑉′ 𝑎𝑛𝑑 ℎ𝑦𝑏𝑟𝑖𝑑𝑠 𝑖𝑛 𝑈𝑝𝑝𝑠𝑎𝑙𝑎 𝑐𝑖𝑡𝑦) ∙ (𝐻𝑖𝑔ℎ 𝑐ℎ𝑎𝑟𝑔𝑒) ∙  (𝐻𝑖𝑔ℎ 𝑢𝑠𝑒) 

 

3. Utilization of public charging by EVs and hybrids. The total electricity use by EVs 

and hybrids public charging multiplied with the three different case 10%, 20% and 30% 

will present possible utilization of public charging. Total electricity use is presented in 

eq2. The different cases are 10%, 20 % and 30 %. 

𝑃𝑢𝑏𝑙𝑖𝑐 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 = 𝑇𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒 ∙  𝑐𝑎𝑠𝑒 ∙
1

100
 

 

4. Electricity use per year and charging type. The public charging stations are 

assumed to be used by 50 % of the time. Multiply the use of charging time with hours 

per year and the charging stations level of power: X = 3.7kW, Y= 22kW and Z=50kW, 

which are presented in section 4.5. 

 

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒 𝑛𝑜𝑟𝑚𝑎𝑙 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 = 0.5 ∙ (ℎ𝑜𝑢𝑟𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟) ∙ 𝑋 

 

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒 𝑠𝑒𝑚𝑖 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 = 0.5 ∙ (ℎ𝑜𝑢𝑟𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟) ∙ 𝑌 

 

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒 𝑞𝑢𝑖𝑐𝑘 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 = 0.5 ∙ (ℎ𝑜𝑢𝑟𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟) ∙ 𝑍 

 

5. The allocation in percent of today existing public charging stations: normal-, 

semi-quick- and quick in the city of Uppsala. Divide the number of normal-, semi-

quick- and quick charging stations with total number of charging stations. Normal =27, 

semi-quick =16 and quick = 4. Total number of existing public charging station = 47. 

These are present in section 4.5. 
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𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑓 𝑛𝑜𝑟𝑚𝑎𝑙 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑜𝑟𝑚𝑎𝑙 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠 

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠
∙ 100 

 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑓 𝑠𝑒𝑚𝑖 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑚𝑖 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠 

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠
 ∙ 100 

 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑓 𝑞𝑢𝑖𝑐𝑘 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 =   
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑞𝑢𝑖𝑐𝑘 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠
∙ 100 

 

6. Total electricity use by the utilization of public charging: normal, semi-quick and 

quick. This will present the package of a certain percent normal chargers, a certain 

percent of semi-quick chargers and a certain percent of quick chargers. Percent of 

normal- , semi-quick- and quick charging stations are present in eq6. The electricity use 

for normal- , semi-quick- and quick charging are present in eq4. 

𝑇𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒 𝑜𝑓 𝑝𝑢𝑏𝑙𝑖𝑐 𝑐ℎ𝑎𝑟𝑔𝑒 = 

(𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑓 𝑛𝑜𝑟𝑚𝑎𝑙 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠) ∙ (𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒 𝑛𝑜𝑟𝑚𝑎𝑙 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔) 

+ (𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑓 𝑠𝑒𝑚𝑖 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠) ∙ (𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒 𝑜𝑓 𝑠𝑒𝑚𝑖 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔) 

+ (𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑓 𝑞𝑢𝑖𝑐𝑘 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠) ∙ (𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒 𝑜𝑓 𝑞𝑢𝑖𝑐𝑘 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔) 

 

7. Total packets of normal-, semi-quick- and quick chargers. Divide the total 

electricity use per year with total electricity use for the public charging, and that will 

present a number of how many packets of these chargers needed. Total electricity use is 

present in eq2. The total electricity use of public charging is present in eq6. 

 

𝑃𝑎𝑐𝑘𝑒𝑡𝑠 𝑜𝑓 𝑛𝑒𝑒𝑑𝑒𝑑 𝑐ℎ𝑎𝑟𝑔𝑒𝑟𝑠 =  
𝑇𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒

𝑇𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒 𝑜𝑓 𝑝𝑢𝑏𝑙𝑖𝑐 𝑐ℎ𝑎𝑟𝑔𝑒 
 

 

8. Number of needed charging stations: normal, semi-quick and quick, relative to 

electric demand. Multiply the different percent of allocation: normal-, semi-quick and 

quick with the packets of needed chargers, eq5 and eq6. And summarize the normal-, 

semi-quick- and quick chargers for the total number of needed chargers. 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑜𝑟𝑚𝑎𝑙 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠 = 

(𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑓 𝑛𝑜𝑟𝑚𝑎𝑙 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠) ∙ (𝑃𝑎𝑐𝑘𝑒𝑡𝑠 𝑜𝑓 𝑛𝑒𝑒𝑑𝑒𝑑 𝑐ℎ𝑎𝑟𝑔𝑒𝑟𝑠) 

 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑚𝑖 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠 = 

(𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑓 𝑠𝑒𝑚𝑖 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠) ∙ (𝑃𝑎𝑐𝑘𝑒𝑡𝑠 𝑜𝑓 𝑛𝑒𝑒𝑑𝑒𝑑 𝑐ℎ𝑎𝑟𝑔𝑒𝑟𝑠) 

 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑞𝑢𝑖𝑐𝑘 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠 = 

(𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑓 𝑞𝑢𝑖𝑐𝑘 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠) ∙ (𝑃𝑎𝑐𝑘𝑒𝑡𝑠 𝑜𝑓 𝑛𝑒𝑒𝑑𝑒𝑑 𝑐ℎ𝑎𝑟𝑔𝑒𝑟𝑠) 
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Appendix 2: 

Calculations 

General Calculations 

Eq.4. Electricity use per year and charging type: 

Electricity use normal charging per year = 16.2 MWh 

Electricity use semi-quick charging per year = 96.4 MWh 

Electricity use quick charging per year = 219.0 MWh 

 

Eq.6. Total electricity use by the utilization of public charging: 

Total electricity use public charge = 6077.6 MWh 

 

Case: 645 EVs and hybrids, no increase 

Eq.1. Numbers of low-, medium- and high charging patterns = 215 

Eq.2. Total electricity use from charging of EVs and hybrids in the city of Uppsala 

per year = 2096.3 MWh/year 

Eq.3. Utilization of public charging, by case (10-, 20- and 30 %) and year: 

10% = 209.6MWh 

20% = 419.3MWh 

30% = 628.9MWh 

Eq.7. Total packets of normal-, semi-quick- and quick chargers:  

P 10% = 0.0345 

P 20% = 0.0689 

P 30% = 0.1035 

Eq.8. Number of needed charging stations: normal, semi-quick and quick, relation to 

electric demand, see table 9. 

Case: 2645 EVs and hybrids, linear increase 

Eq.1. Numbers of low-, medium- and high charging patterns = 882 

Eq.2. Total electricity use from charging of EVs and hybrids in the city of Uppsala 

per year = 8596.2 MWh 

Eq.3. Utilization of public charging, by case (10-, 20- and 30 %) and year: 

10% = 859.6 MWh  

20% = 1719.2 MWh 
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30% = 2578.9 MWh 

Eq.7. Total packets of normal-, semi-quick- and quick chargers:  

P 10% = 0.1414 

P 20% = 0.2829 

P 30% = 0.4243 

Eq.8. Number of needed charging stations: normal, semi-quick and quick, relation to 

electric demand, see table 10. 

Case: 4645 EVs and hybrids, linear increase 

Eq.1. Numbers of low-, medium- and high charging patterns = 1549 

Eq.2. Total electricity use from charging of EVs and hybrids in the city of Uppsala 

per year = 15096.3 MWh 

Eq.3. Utilization of public charging, by case (10-, 20- and 30 %) and year: 

10% = 1509.6 MWh 

20% = 3019.3 MWh  

30% = 4528.9 MWh 

Eq.7. Total packets of normal-, semi-quick- and quick chargers:  

P 10% = 0.2484 

P 20% = 0.4968 

P 30% = 0.7452 

Eq.8. Number of needed charging stations: normal, semi-quick and quick, relation to 

electric demand, see table 11. 

Case: 6245 EVs and hybrids, linear increase 

Eq.1. Numbers of low-, medium- and high charging patterns = 2082 

Eq.2. Total electricity use from charging of EVs and hybrids in the city of Uppsala 

per year = 20296.3 MWh 

Eq.3. Utilization of public charging, by case (10-, 20- and 30 %) and year: 

10% = 2029.6 MWh 

20% = 4059.3 MWh 

30% = 6088.9 MWh 

Eq.7. Total packets of normal-, semi-quick- and quick chargers:  

P 10% = 0.3340 
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P 20% =0.6679 

P 30% = 1.002 

Eq.8. Number of needed charging stations: normal, semi-quick and quick, relation to 

electric demand, see table 12. 

Case: 4736 EVs and hybrids, exponential increase 

Eq.1. Numbers of low-, medium- and high charging patterns = 1579 

Eq.2. Total electricity use from charging of EVs and hybrids in the city of Uppsala 

per year =15392.0 MWh 

Eq.3. Utilization of public charging, by case (10-, 20- and 30 %) and year: 

10% = 1539.2 MWh 

20% = 3078.4 MWh 

30% = 4617.6 MWh 

Eq.7. Total packets of normal-, semi-quick- and quick chargers:  

P 10% = 0.2533 

P 20% = 0.5065 

P 30% = 0.7598 

Eq.8. Number of needed charging stations: normal, semi-quick and quick, relation to 

electric demand, see table 13. 

Case: 34787 EVs and hybrids, exponential increase 

Eq.1. Numbers of low-, medium- and high charging patterns = 11596 

Eq.2. Total electricity use from charging of EVs and hybrids in the city of Uppsala 

per year = 113057.8 MWh 

Eq.3. Utilization of public charging, by case (10-, 20- and 30 %) and year: 

10% = 11305.8 MWh 

20% = 22611.6 MWh 

30% = 33917.3 MWh 

Eq.7. Total packets of normal-, semi-quick- and quick chargers:  

P 10% = 1.8602 

P 20% = 3.7205 

P 30% = 5.5807 
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Eq.8. Number of needed charging stations: normal, semi-quick and quick, relation to 

electric demand, see table 14. 

Case: 153499 EVs and hybrids, exponential increase 

Eq.1. Numbers of low-, medium- and high charging patterns = 51167 

Eq.2. Total electricity use from charging of EVs and hybrids in the city of Uppsala 

per year = 499332.2 MWh 

Eq.3. Utilization of public charging, by case (10-, 20- and 30 %) and year: 

10% = 49933.2 MWh 

20% = 99866.4 MWh 

30% = 149799.7 MWh 

Eq.7. Total packets of normal-, semi-quick- and quick chargers:  

P 10% = 8.2159 

P 20% = 16.432 

P 30% = 24.649 

Eq.8. Number of needed charging stations: normal, semi-quick and quick, relation to 

electric demand, see table 15. 


