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Abstract

Investigation of Public Charging Infrastructure 

Emma Dahl, Andreas Hedström and Anna Lindgren

The municipal company Sportfastigheter AB is currently renovating and 
developing Gränby sportfält, a sports field in Uppsala. Adjacent to 
the sports field, a parking lot for 700 vehicles is located, where 
Sportfastigheter AB is preparing to install charging points for 
electric vehicles (EVs) at some of the places. This bachelor thesis 
aims to investigate how a public charging solution should be modeled, 
with the parking lot at Gränby sportfält as a case study. The 
investigation involves estimating energy demand of visiting EVs, 
optimizing the ability to satisfy the estimated energy demand, and 
proposals of business models. A computer-based simulation of a 
representative week at Gränby sportfält was created as a decision 
basis for modeling the charging solution and what power capacity to 
dimension for. The results of this investigation indicates that the 
most suitable charging solution for Gränby sportfält is a solution 
with semi-fast chargers and load balancing, which is a type of 
controlled charging. With load balancing, a lower power capacity can 
be dimensioned for compared with the same solution without load 
balancing with savings in costs as a consequence. When investigating 
for 50 charging points the power capacity proposed to dimension for 
is 200 kW, which would lead to the possibility of meeting 98.7 % of 
the total energy demand of connected EVs. However, this study 
proposes to build the charging points gradually, with an initial 
installation of 12 charging points. Lastly, this study proposes to 
use a business model involving sponsoring, and offer the charging for 
free.     
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1. Introduction 
The municipal company Sportfastigheter AB is currently renovating and developing Gränby 

sportfält, a sports field in Uppsala. Adjacent to the sports field, a parking lot for visitors with 700 

parking places is located (Sportfastigheter, 2017). Sportfastigheter wanted to investigate how a 

charging solution with 50 charging points could be installed at the parking lot to meet the 

increasing demand of charging infrastructure and encourage a sustainable development. Large 

events take place at the sports field weekly (Uppsala municipality, 2017) and the future might 

infer scenarios where a large amount of EVs arrive to the parking lot and want to charge 

simultaneously. This means that the energy demand at the parking lot would be very high. 

However, the power that each EV needs to be fully charged during its stay at the parking lot 

depends on the parking duration and visitors attending events occurring at the sports field often 

have their cars parked for 2 hours or more (Uppsala municipality, 2017). If the energy could be 

distributed to connected EVs in an efficient way during their whole stay the need of 

dimensioning for a large power capacity, with large investment costs as a consequence, could be 

avoided (Vattenfall, 2017). A way to achieve this is with a technology that continuously controls 

ongoing charging sessions. This technology exists today and is called load balancing, which is a 

type of controlled charging (Eldon 2016, 4).  

 

In this study, a charging solution suitable for the parking lot at Gränby sportfält was developed. 

The methodology resulting in the charging solution involves estimating the energy demand of 

visiting EVs, optimization with purpose of meeting this energy demand while at the same time 

minimize costs, and lastly suggestions of financing the investment, maintenance and electricity 

costs. The study also presents a proposal of how to implement the charging solution with the 

long-term objective of having 50 charging points dimensioned for satisfying the energy demand 

at the parking lot in the future. 
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1.1 Aim of the report  

The aim of this project is to investigate how a public charging infrastructure should be modeled, 

with the parking lot at Gränby sportfält as a case study. The investigation includes what charging 

solution that should be used with regards to what power the charging stations should distribute, 

and if the solution should include load balancing or not. Further, the solution includes 

dimensioning for an optimized total power capacity as well as a suggestion of how to finance 

costs. In addition to the case study the intention is to create a model that can be used as a 

decision basis for implementation of charging infrastructure on arbitrary public parking lots.  

 

The research questions are the following:  

● What kind of charging solution would be most suitable for the parking lot at Gränby 

sportfält, with regards to costs and the ability to meet the energy demand of visiting EVs?  

● What power capacity should be dimensioned for? 

● How should the charging infrastructure be financed?  

1.2 Limitations  

The limitations to this project has mainly been regarding data access. There is little data 

accessible regarding the attendance at the events at IFU arena and none from the facilities that 

still are to be built. Furthermore, to investigate the exact costs of dimensioning for the total 

power capacity at Gränby sportfält, a bid must be made to the grid owner, something that lies 

outside the scope of this study.  

1.3 Delimitations  

There are different kinds of EVs, some chargeable with an external power source, and some that 

are not. Henceforward in this report, the term EV will only refer to battery electric vehicles and 

plug-in hybrid electric vehicles, since they are chargeable with external cable from the electricity 

grid and therefore relevant to this report.  

 

Since Sportfastigheter wanted to investigate how 50 charging points could be installed at the 

parking lot it is interesting to analyze a scenario where 50 EVs are expected to visit the parking 
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lot when it is fully occupied. Therefore the ratio 50 EVs per 700 private cars have been used in 

the simulations. Further, to be able to make the study manageable a limited time interval was 

chosen to be further analyzed and simulated. This period of time was chosen to a week in early 

February 2017. Lastly, the investigation is valid for parking lots delimited to Sweden.  

1.4 Report outline 

In Section 2 background relevant to the study is described. In Section 3 the methods used are 

explained further which is followed by Section 4 where a summary of the data used as input to 

the simulations can be found. The results of the study can be found in Section 5, followed by a 

discussion in Section 6 and lastly a conclusion in Section 7.  
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2. Background 

2.1 Electric vehicles  

The most common types of EVs today are battery electric vehicles that solely uses an electric 

engine, hybrid electric vehicles that uses both a combustion and electric engine, and plug-in 

hybrid electric vehicles that also uses both a combustion and electric engine but with a battery 

that is chargeable by an external power source (Electric Vehicles Initiative 2013, 38).  

 

During the end of the 19th century and beginning of the 20th century, the sight of EVs on the 

roads was not that extraordinary (Ying Yong et al., 2015). According to Ying Yong et. al (2015), 

the development of the direct current motor in combination with the invention of the first 

rechargeable batteries led to a competitive EV industry. However, the EVs were soon outrivaled 

by the introduction of gasoline-powered vehicles, mainly because the usage cost for gasoline-

powered vehicles was comparatively lower. This combined with the fact that EVs could travel 

limited distances compared to the gasoline-powered car almost led to the extinction of EVs. The 

usage of EVs continued to be relatively low during the majority of the 20th century. However, 

with the increased awareness during the last decades of the emissions issue and the high oil 

price, the incentives of alternatives to the gasoline-powered cars has increased. This has led to 

the introduction of the EVs as a serious alternative on the private car market once again (Ying 

Yong et al., 2015).  

2.2 Initiatives for widening usage of EVs 

The necessity of alternatives and the objective to reduce fossil driven vehicles has led to 

initiatives for widening the usage of EVs. The Swedish government has for instance set up a 

target that the car sector is to be fossil free by the year of 2030 (SOU 2013:84, 35). In order to 

achieve this objective, the government has decided to invest in different initiatives to widen the 

use of EVs. One of these initiatives is a subsidy for purchasing climate friendly cars (SFS 

2016:1360). Another initiative is a subsidy for climate investments on a local level, called 

Klimatklivet. This funding has to a large extent been used to develop the national charging 
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infrastructure (Naturvårdsverket, 2016). The ratio of the following equation must be greater than 

1 for this funding to be received (Willén, 2017). 

 

            𝑟𝑎𝑡𝑖𝑜 = 𝑑𝑢𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 ∗ 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒 ∗ 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡𝑠
𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡                    (1) 

 

The term durability in Equation 1 represents the durability of the charging station in years, 

decrease represents the decrease of CO2-equivalents per charging point in kg. The term charging 

points represents the number of charging points and lastly, investment represents the investment 

costs in SEK. The continuous development and standardization of charging infrastructure is a 

substantial factor for a continuing growth of the EV market share (SOU 2013:84, 408-409). 

2.3 Types of chargers 

There are different types of charging stations for EVs. A common division is in terms of power, 

where the types commonly are slow, semi-fast and fast chargers.  

2.3.1 Slow chargers 

A slow charger uses alternating current and a single phase with relatively low power, 

approximately up to 7 kW. According to Elbilen i Sverige (2017), the most common battery 

electric vehicle in Sweden today is Nissan Leaf. A Nissan Leaf model 2017 has a 30 kWh battery 

which, if fully depleted, can be fully charged in up to four and a half hours with a slow charger 

(Nissan, 2017). However, the charging time varies depending on the size and age of the battery. 

Slow charging is most common at homes and at workplaces, where the car typically is parked for 

a longer period of time (Power Circle 2014, 11).  

2.3.2 Semi-fast chargers 

Semi-fast chargers has a power span of 7 to 22 kW. Both single- and three phase chargers are 

used, as well as both direct and alternating current. For a Nissan Leaf model 2017 with a fully 

depleted battery the charging time with a semi-fast charger varies between one and a half and 

four hours (Nissan, 2017), depending on the power of the charger. Semi-fast chargers are 
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suitable at places where people stay for this period of time, for instance shopping centres and 

restaurants (Power Circle 2014, 11).  

2.3.3 Fast chargers 

Fast chargers distributes a power of at least 43 kW. With fast charging it would take up to 40 

minutes for a Nissan Leaf model 2017 with a fully depleted 30 kWh battery to be fully charged 

(Nissan, 2017). These chargers normally uses three-phase with direct current, but exceptions 

with alternative current exists. This type of charging is most suitable in situations where the 

demand of quick charging is significant (Power Circle 2014, 11-12).  

2.4 Load balancing 

Load balancing is a technology that continuously measures the current per phase in the grid and 

controls the load level for each ongoing charge in order to make sure that the grid capacity never 

exceeds. This makes it possible to regulate the power being distributed to each specific charging 

point, in contrast to a fixed power that is being distributed if not using load balancing. To use this 

technology, an extra unit in addition to the charging stations is needed. The total power capacity 

that is available to the whole parking lot can thus be distributed in a smart way to the connected 

cars which leads to that more cars can charge simultaneously without the need of dimensioning 

for unnecessarily high power peaks. It is also possible to divide the electricity on request and 

thereby prioritize charging of specific EVs (Eldon 2016, 4). 

2.5 Gränby sportfält 

Gränby sportfält is situated in Uppsala with several arenas for a large number of different sports, 

for instance floorball, basketball, athletics, bandy, hockey, tennis, figure skating and squash  

(Sportfastigheter, 2017). An illustration, from Sportfastigheter (2017), of the site can be seen in 

Figure 1. The different types of events attract a varying number of visitors to Gränby sportfält, 

from around 20 participants at practices up to 2900 spectators when a big game is taking place. 

There are often several activities running in parallel which results in many visitors being at the 

site simultaneously. The sports field is currently being renovated and developed which is planned 

to be finished during 2017. According to UTK (2016) a new outdoors arena for athletics is under 
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construction and a new golf center is to be built in connection to the arena of Uppsala Tennis 

Klubb (UTK). Further, IFU arena was recently completed and is now the largest arena on the site 

with popular events taking place weekly. In total there are 700 parking places adjacent to the 

sports field. At some of these parking places, charging stations will be built. 

 

 
Figure 1: Illustration of Gränby sportfält (Sportfastigheter, 2017). 
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3. Methodology 
The methodology of this study consists of three main parts. These are a simulation of how the 

energy demand vary with time at Gränby sportfält, an optimization of the ability to satisfy the 

energy demand while at the same time minimize costs, and financing of the charging 

infrastructure. Lastly, a suggestion of implementation is included.  

3.1 Simulation 

A stochastic minute based model was created in MATLAB to be able to simulate how the energy 

demand of visiting EVs vary with time, and how much of the energy demand that can be met if 

dimensioning for both different total power capacities and different types of chargers. The 

structure of the created model can be seen in Figure 2. The simulation of the parking lot at 

Gränby sportfält was made using this model for a week in early February 2017.  
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Figure 2: Structure of the MATLAB model that can be used for making decisions about how to dimension 

a parking lot for EVs and which charging station type to use.  

 

To be able to estimate the energy demand of visiting EVs, information of attendances, parking 

durations and distances traveled were needed. In the Gränby sportfält case study this was done 

by analyzing when different events took place in the sports halls at the site during the week 

Monday 6 to Sunday 12 in February 2017. This week was chosen firstly because it was during 

high season, when the activity is at its highest and the parking lot is assumed to be occupied to a 

large extent. Also, clear weekly patterns could be distinguished when comparing with other 

weeks during the winter and this week was assessed to be representative for this time of year. 

This limited time interval was chosen to make the process manageable. 
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3.1.1 Attendances 

Since the exact number of visitors are not counted for most events, it was necessary to make 

assumptions and estimations regarding how many visitors that will attend the different events. 

The number of visitors of an event vary a lot depending on the sport. When it comes to games, 

the attendance also depends to a large extent on which team that is playing. The different kinds 

of events taking place at the site during the simulation week were thereby divided into nine 

different categories depending on the sport and amount of visitors attending the events. The 

assumptions made regarding the division of these categories are further described below and the 

attendances for the different categories are summarized in Table 1, Section 4.1.1.  

 

The largest events, meaning events with average attendances of more than 500, were treated with 

the highest accuracy since they contribute with the largest amount of visitors. Since variations in 

attendances occurs and the aim is to create a representative scenario for the sports field during 

high season, averages attendances were used for the largest events. Official average attendances 

were found for Storvreta IBK and IK Sirius IBK (Svensk Innebandys Informationssystem, 2017). 

For other games that have a large number of spectators but where official average attendances 

could not be found, a mean value of the last ten consecutive home games was calculated. This 

was done for the teams Almtuna IS (Almtuna IS, 2017) and Uppsala Basket (Svenska 

Basketbollförbundet, 2017). Regarding other events, the numbers of visitors had to be estimated. 

For these games the type of sport and the level of the sport activities were taken into account. In 

addition to the players, a specific number of spectators per player was assigned. Games with an 

average attendance of less than 500 were assigned the category Other games. Participants at 

these games were expected to contribute with one spectator each. For all types of games, 30 

participants in terms of players, coaches and referees were assigned as a basis to each category, 

in addition to the spectators. Further, all team practices were put in one category, and the number 

of participants were estimated by taking all different sports into account and estimate a general 

number of participants assigned to all team practices. No spectators were assumed to attend 

practices.  

 

Furthermore, UTK has 10 tennis courts and two squash halls, where practices and games can 

occur simultaneously. UTK does not count attendances at events taking place in their halls. 
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Hence, each game or practice was estimated to involve three persons in average since either two 

or four persons can play simultaneously on one court. The bookings at UTK were divided into 

intervals of two hours. By calculating an average attendance in total at UTK for these two hour 

intervals for weekdays and weekends, a value for the attendance at UTK could be assigned. 

Thus, an event at UTK in this study represented all activities taking place during two hours. Two 

hour intervals were chosen because the large majority of bookings were two hours (Upsala TK, 

2017). The attendance of a figure skating competition that took place during two days of the 

simulation week was estimated by analyzing the time schedule for the competition and assigning 

two spectators per participant and calculating an average attendance of the two days (Uppsala 

skridskoklubb, 2017).  

3.1.2 Parking duration 

Visitors are assessed to stay on an event in average two hours, with an arrival and departure 

window of 30 minutes before and 30 minutes after the event. The arrival and departure times 

were randomized within these time frames. Hence, a visitor was assumed to stay at shortest two 

hours and as longest three hours. This applies to all categories except the figure skating 

competition, where the visitors were expected to have stayed the whole day from 08.00 to 20.00 

on Saturday and 09.00 to 21.00 on Sunday, since it was a competition that lasted during these 

times. The compiled event data thus represents a week at the sports field and can be seen in 

Section 9.1.  

3.1.3 Traveling distances 

Visiting EVs arrive with a certain energy demand that has to be calculated. To be able to do that, 

the travel distances of all EVs has to be estimated. Driving distances to Gränby sportfält were 

randomized from a data set from a Swedish national survey compiled by Swedish Institute for 

Transport and Communications Analysis (2007). This data set contains travel distances in the 

travel reason categories work, home and other. The journeys to Gränby sportfält was assumed to 

apply to the category other. In addition to the journey to Gränby sportfält, the EVs were expected 

to have traveled an extra distance from work or similar during weekdays. A randomized distance 

from the category work was therefore added to all EVs arriving on a weekday. These distances 

were used as input to the model. 
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3.1.4 Proportion of EVs 

The attendance for the different categories that can be seen in Table 1 shows the estimated 

number of persons in the arena at a certain event. However, not all of them drove a car to the 

event and not all of the ones driving a car drove an EV. To be able to simulate how many EVs 

that come to the parking lot a proportion of how many EVs there are on every visitor was 

calculated. These calculations and estimations are further described in Section 4.2. In order to 

make the simulation as realistic as possible, each arriving car had the calculated probability of 

being an EV. The scenario studied is as mentioned earlier a scenario where it is possible that 50 

EVs can arrive to the parking lot. However, the number of EVs at a full parking lot might be 

higher or lower than 50 due to the stochastic elements of the simulation.  

3.1.5 Estimating energy demand 

When information of attendances, parking durations and distances traveled of EVs were known, 

the energy demand that each EV arrive with could be estimated. The energy demand was 

calculated with a determined energy consumption of 0.2 kWh/km, see Equation 2 (Grahn 2014, 

5).  

 

𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑚𝑎𝑛𝑑 [𝑘𝑊ℎ]  =  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑒𝑑 [𝑘𝑚]  ∗  0.2 [𝑘𝑊ℎ/𝑘𝑚]  (2) 

3.1.6 Distribution of power 

The model has two scenarios, one for charging with load balancing and one for charging without 

load balancing. The charging stations CSR100 together with the load balancer GCU100 from the 

Swedish charging station producer Chargestorm were used for the solution with load balancing 

(Chargestorm, 2017). Chargestorm’s products were used since the company was known to have 

implemented a solution of large scale with load balancing when this study was made 

(Lindergren, 2017). One charging station of the type CSR100 with the power range 2.2 kW to 22 

kW costs approximately 14,000 SEK and the load balancer GCU100 costs 20,000 SEK. These 

charging stations have two charging points each, thus 50 charging points in total entails 25 

charging stations. The cost of the charging solution from Chargestorm, 25 charging stations 

together with the load balancer, is then approximately 370,000 SEK (Lindergren, 2017). 
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According to Lindergren, the costs can vary. For each unique case an offer should be made for 

exact costs. As the alternative for charging without load balancing, the charging stations CSR100 

was used but without the load balancer GCU100 (Chargestorm, 2017). It is important to note that 

the simulation would function in the same way with chargers from other manufacturers.  

 

The charging points considered has a power ranging from 2.2 to 22 kW each. Since the 

simulation included 50 charging points the power in total ranged from lowest 110 kW to highest 

1100 kW. In the simulation increments of 10 kW were used. In the model, the total power 

capacity is distributed evenly each minute to the charging points with connected EVs that need 

charging. Exactly how the power is distributed to the charging points can vary between different 

chargers and manufacturers which has to be accounted for if using different types of load 

balancing than was used in these simulations. To be able to compare the different charging types 

the steps 2 to 5 in Figure 2 were executed once for each scenario, thus one time for charging with 

load balancing and one time without load balancing. The same input data and the same 

randomized arrival times, departure times and distances were used when simulating the two 

scenarios to be able to compare the results. A graph over how well the different types of chargers 

can meet the energy demand of the connected EVs for different power capacities was obtained 

and from this a decision could be made regarding what charging solution would suite the parking 

lot.  

 

3.2 Optimization  
An optimization was done with the purpose of meeting the energy demand of visiting EVs while 

at the same time minimize costs for the property owner. This was done by calculating to what 

extent the energy demand could be satisfied, when varying the total power capacity in the 

MATLAB model. The total power capacity was varied from lowest to highest possible when 

using the considered solutions. For CSR100 and 50 charging points the lowest total power 

capacity was 110 kW, and the highest 1100kW. The increment used was 10 kW. The results 

obtained from the simulation was then analyzed to find an optimal total power capacity to 

dimension for. The objective was to dimension for as low total power capacity as possible in 

order to minimize costs (Vattenfall, 2017) while still meeting a sufficient energy demand. The 
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chosen power capacity was then used to for instance obtain graphs over power consumption and 

how many EVs that were charging simultaneously during the simulation week.  

3.3 Financing 
To study the possibilities of financing the implemented infrastructure an estimation of costs was 

done which is further discussed in Section 6.4. A subsidy can be applied for to cover part of the 

investment costs. This is further discussed in Section 6.5. The remaining costs can be covered in 

other ways. A suitable business model should meet the demands of both the users and the 

property owner responsible for the implementation of the charging solution. In this report, three 

different business models has been discussed depending on what objective the property owner 

responsible for the implementation has, see Section 6.5.  

3.4 Implementation 
From calculating the growth rate of EVs, a suggestion of the expansion rate of charging points 

could be presented, see Section 6.3. Further, the placement of the actual charging points is also 

discussed in Section 6.3, with Figure 1 in Section 2.5 as a basis.  

3.5 Sensitivity analysis 
The purpose of the sensitivity analysis was to study a future scenario where the need of charging 

points may have increased, for instance with 20 charging points. The analysis was made to see to 

what extent the energy demand of connected EVs can be met with an extension from 50 to 70 

charging points, without changing the dimensioning for the total power capacity. Dimensioning 

for a higher total power capacity would lead to larger costs (Vattenfall, 2017), therefore this 

analysis investigates a scenario where the only new costs are material costs and ground work for 

new charging stations. The simulation including 70 charging points had a total power ranging 

from lowest 154 kW to highest 1540 kW. In the simulation increments of 10 kW were used.  
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4. Data and calculations 

4.1 Input data 

All events occurring at Gränby sportfält were divided into nine categories depending on their 

attendance. These are summarized in Table 1. The total constructed data set, including start and 

end times as well as category number, of all events occurring at Gränby sportfält during the 

simulation week can be seen in Section 9.1. Further, statistics of traveling distances sorted by the 

traveling reasons other and work can be seen in Section 9.2. These data sets were used as input 

data to the MATLAB model. 

 

Table 1: Table showing the category number in the first column, what the category represent in the 

second column, and the estimated attendance of the events within the category in the third column. 

 
     Category Type of event Attendance 
     1 Other games 60 

     2 Storvreta IBK 1326 

     3 Almtuna IS 1642 

     4 Uppsala Basket 931 

     5 IK Sirius IBK 767 

     6 Figure skating 190 

     7 Practice 20 

     8 UTK weekday 30 

     9 UTK weekend 50 

 

4.2 Proportion of EVs - calculation  

According to a travel survey made by the Uppsala municipality in 2015, where randomly 

selected participants reported their traveling patterns during the fall 2015, 42 % of all the 

journeys categorized as leisure in the survey was made by car (Uppsala municipality, 2015). The 

journeys to Gränby sportfält was assumed to apply to this category. In the same travel survey it is 
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stated that 84.2 % of all people going by car are drivers. With this relation, 35.4 % of the people 

going by car in the category leisure drove a car. Further, the total amount of private cars in traffic 

in Sweden 2016 were 4,768,060 with a yearly increase of 2.1 % according to Transport analysis 

(2017). The number of EVs was 30,274 in February 2017. This results in a ratio of 4.4 EVs per 

700 cars. However, it is interesting to analyze a scenario where all 50 charging points at the 

Gränby sportfält parking lot are expected to be occupied. According to Power Circle (2017), the 

growth of the number of EVs in traffic in Sweden was 79 % during 2016. Assuming an 

exponential increase with a constant growth of 79 % per year, the ratio 50 EVs per 700 private 

cars will be achieved in 2021, see Equation 6.  

 

The proportion of EVs a certain year is obtained by dividing Equation 3 with Equation 4, see 

Equation 5. Equation 6 is then obtained by solving Equation 5 for x, thus the number of years 

ahead from today. The number of private cars in traffic in Sweden was assumed to be the same 

in 2017 as in 2016 to be able to start the increment at the same year as in Equation 3. This was 

done to be able to simplify the calculations in Equation 6. When inserting the proportion 
50

700
in 

Equation 6 the number of years ahead, thus when this proportion is achieved, equals 4.31. Since 

the data regarding EVs used in the calculations is from February 2017 4.31 years ahead 

corresponds to May 2021.  

 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑉𝑠 𝑥 𝑦𝑒𝑎𝑟𝑠 𝑎ℎ𝑒𝑎𝑑  = 30274 ∗ 1.79𝑥    (3) 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑖𝑣𝑎𝑡𝑒 𝑐𝑎𝑟𝑠 𝑥 𝑦𝑒𝑎𝑟𝑠 𝑎ℎ𝑒𝑎𝑑 = 4768060 ∗ 1.021𝒙            (4) 

 

𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑉𝑠 𝑥 𝑦𝑒𝑎𝑟𝑠 𝑎ℎ𝑒𝑎𝑑
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑖𝑣𝑎𝑡𝑒 𝑐𝑎𝑟𝑠 𝑥 𝑦𝑒𝑎𝑟𝑠 𝑎ℎ𝑒𝑎𝑑

    (5) 

 

𝑌𝑒𝑎𝑟𝑠 𝑎ℎ𝑒𝑎𝑑 =
𝑙𝑜𝑔(𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 ∗ 4768060

30274  )
𝑙𝑜𝑔( 1.79

1.021 )
      (6) 
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5. Results 

5.1 Charging solution 

Figure 3 illustrates a histogram where each bin represents the number of EVs that needs a certain 

constant power to be fully charged during the period it is parked, hence the minimum power a 

charging point needs to distribute to give each arriving EV a full charge. The diagram that can be 

seen in Figure 4 shows comparisons of charging solutions with and without load balancing. More 

specifically, it shows to what extent the energy demand of connected EVs can be met given 

different total power capacities. Further, out of 712 arriving EVs during the simulated week, 111 

EVs could not be offered a charging point with 50 charging points in total at the parking lot 

using chargers with load balancing.  

 

 
Figure 3: Histogram of the number of EVs needing a specific constant power to be fully charged during 

their parking duration. The x-axis represents the minimum power, with integer intervals, that a charging 

point need to distribute to give an EV a full charge. The y-axis represents how many EVs that need the 

different power levels. Note that some EVs need a power that is higher than the charging point's 

maximum capacity (22 kW) and will not be fully charged. 
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Figure 4: Percentages of how much of the energy demand of connected EVs that can be met out of the 

total energy demand the connected EVs had upon arrival, when dimensioning for different power 

capacities. The x-axis shows the different power capacities that are available to the whole charging 

system. Note that the energy demand of the EVs that could not be offered a charging point is not 

included.  

5.2 Power consumption 

The diagram shown in Figure 5 shows how many EVs that are charging each minute during the 

simulation week. In the model, the charging points are assumed to distribute the total available 

power evenly between the charging cars. Thus, the charging points will distribute their maximum 

power capacity of 22 kW each to all the arriving cars until 10 or more cars are charging 

simultaneously. Then the charging points will distribute a lower power to the charging cars in 

order to not exceed the total power capacity. The diagram shown in Figure 6 illustrates how the 

power consumption changes every minute at the Gränby sportfält parking lot during the period 

Monday, 6 February to Sunday, 12 February. The optimal power to dimension for was after an 

analysis of costs and the obtained graph in Figure 4 chosen to 200 kW. The choice is further 

motivated in Section 6.2. Note that the maximum power consumption of 200 kW occurs when 10 

or more EVs are charging simultaneously, see Figure 5 and 6.  

 



 

21 
 

 
Figure 5: The number of EVs charging each minute during the simulation week, using charging with load 

balancing and a total power capacity of 200 kW. The x-axis shows the time in days with minute wise 

variations, and the y-axis shows the number of charging EVs. Note that the peaks occur when there are 

popular events at the sports field. Further, the number of EVs charging reaches zero either if there are no 

EVs at the parking lot, or if all the EVs that are parked are fully charged.  

 

 
Figure 6: The power consumption during the simulation week using chargers with load balancing and a 

total power capacity of 200 kW. The x-axis shows the time in days with minute wise variations and the y-

axis shows power consumption in kW. Note that the power peaks do not exceed the total power capacity, 

200 kW. Further, the power consumption reaches zero either if there are no EVs at the parking lot, or if 

all the EVs that are parked are fully charged. 
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5.3 Expansion rate 

Figure 7 illustrates the number of charging points needed each year to match the expected 

amount of EVs given a full parking lot with 700 parking places, see Equation 6.  

 
Figure 7: The number of charging points needed each year to match the expected amount of EVs given a 

full parking lot with 700 parking places. The expansion rate of EVs was calculated with an increase of 79 

% per year, see Equation 3.  

 

 

 

  



 

23 
 

5.4 Sensitivity analysis 

Figure 8 illustrates to what extent the energy demand of connected EVs can be met given 

different total power capacities, using charging with load balancing for 50 and 70 charging 

points respectively. Further, the total number of EVs that could not be offered a charging point 

during the simulation week was 111 out of 712 EVs with 50 charging points, and 34 out of 712 

EVs with 70 charging points.   

 

 
Figure 8: The energy demand that can be met in percent using 50 or 70 charging points with load 

balancing. The x-axis shows the different power capacities that are available to the whole charging system 

if using 50 or 70 charging stations with a power range of 2.2 to 22 kW per charging point. Note that 70 

charging points entails that more cars are connected and the total energy demand is higher than with 50 

charging points.  
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6. Discussion 

6.1 Charging solution 

By charging with at least 5 kW, the large majority of arriving EVs will receive a full charge, see 

Figure 3. Therefore, semi-fast chargers is enough to cover a substantial total energy demand. 

Figure 4 shows a substantial difference between the charging solution with load balancing and 

the solution without load balancing in terms of the ability to meet the energy demand of 

connected EVs. With chargers using load balancing almost all EVs that were connected had their 

energy demand fully met if dimensioning for at least 110 kW in total power capacity. The 

solution using chargers without load balancing needed a higher total power capacity to be able to 

meet the same proportion of total energy demand as the chargers with load balancing. This is due 

to the fact that the solution using charging without load balancing distributes a fixed power to the 

charging points that is equal to the total power capacity divided by the number of charging 

points. The solution with load balancing can distribute any power level in the interval of what the 

charging points allow, thus from 2.2 to 22 kW, as long as not exceeding the total power capacity. 

For example, if only one EV is charging in a scenario with 200 kW as the total power capacity, 

using 50 charging points and no load balancing, it will be charged with 4 kW which is enough 

for the majority of the arriving EVs to receive full charge, see Figure 3. However, some EVs 

need to be charged with higher power and will not have their energy demand fully met if charged 

with 4 kW. The same scenario with load balancing will lead to that the EV will be charged with 

the charging point's maximum power, 22 kW. Since the load balancer can control the charging 

according to the visitor's demands this entails a power distribution to the charging points in a 

more efficient way. 

6.2 Optimization 

A central part of the charging solution is the ability to meet the energy demand of connected EVs 

while at the same time minimize costs for the property owner. Figure 4 shows that the effect of 

changing the total power capacity is small for the solution using load balancing and 50 charging 

points in the simulated power interval. However, both the electricity costs for consumption as 
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well as strengthening the local electricity grid will increase with an increasing total power 

capacity. Thus, from an economical point of view, dimensioning for as low total power capacity 

as possible is beneficial. However, the objective is to also meet the energy demand of visiting 

EVs. Choosing 200 kW as the total power capacity to dimension for leads to meeting 98.66 % of 

the energy demand of connected EVs in this simulation. If for instance 400 kW instead was 

chosen as the total power capacity to dimension for 98.73 % of the energy demand would be 

met. This small difference might not be worth increasing the total power capacity for, since costs 

would increase. The energy demand that is being met if dimensioning for the lowest possible 

power capacity, 110 kW, is 97.29 % and dimensioning for this also lowers the costs for the 

power consumption. It could however be a good thing to be able to meet the energy demands of 

the most popular events to a large extent. Also, the batteries of EVs is expected to increase in 

size in the future which leads to the suggestion of dimensioning with margin (International 

Energy Agency 2016, 4). Thus 200 kW was chosen as the optimal power capacity which is used 

in the simulations.  

6.3 Implementation 

The charging stations should be easily accessed as well as appealing to use. Gränby sportfält has 

five parking areas of which area A1 is the largest and area E can be seen as the most accessible, 

since it is situated close to the main road and between the entrance to IFU Arena and the ice 

halls, where the largest events take place, see Figure 1. The accessibility could be achieved by 

spreading the charging stations out to some extent, for instance by building some of the charging 

stations at the parking area A1 which provides close access to UTK and the outdoors arena for 

athletics that is to be built. However, since parking area E is one of the most appealing places for 

parking it would function as a statement from the municipality and Sportfastigheter to reserve 

some of the most attractive parking places for EVs and thus build the majority of the charging 

stations there.  

 

Furthermore, the number of EVs that are denied the chance to charge due to absence of available 

charging points is not an effect of the functionality of the charging solution, but depends solely 

on the number of EVs that are parked and the number of charging points in total. When 

increasing the number of charging points at the parking lot the number of EVs that can be 
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offered a charging point increases consequently, and thus fewer EVs gets rejected. This is clear 

when analyzing the number of rejected EVs in the scenario with 50 charging points, that is 111, 

in comparison with the scenario with 70 charging points, that is 34, see Section 5.4. However, 

having 70 charging points results in situations where a higher number of cars are connected to 

the charging points. Therefore, a higher total power capacity is needed to meet the demand of the 

connected EVs to the same extent as for the situation with 50 charging points, see Figure 8. 

However, only a slight increase of total power capacity would be needed, which indicates that 

the solution with load balancing is functional with 70 charging points almost to the same extent 

as it is with 50 charging points. 

 

However, building a large amount of charging stations at once could lead to a scenario where the 

number of charging points is higher than the demand. Consequently, that would imply that many 

of them would often be unused and the solution would be superfluous. Therefore, this study 

proposes to build the charging stations gradually. According to Figure 7, building approximately 

12 charging points, that is 6 charging stations if using charging stations with two charging points, 

each year until 2021 will meet the demand with margin. Another advantage with building 

gradually is the possibility to continuously evaluate the growth in number of EVs to be able to 

adjust the expansion rate of the charging points accordingly. The proposal for the first 6 charging 

stations is to build all of them at parking area E in order to make a statement for encouraging the 

usage of EVs (Power Circle 2014, 20).  

6.4 Cost estimation for the first implementation 

The results obtained led to a discussion of investment costs for a first implementation. The 

proposed expansion rate is to build 12 charging points each year until year 2021, see Figure 7. 

Thus, the first building stage infers dimensioning for a total power capacity that is both suitable 

for the first 12 charging points and also for an expansion of the number of charging stations. 

According to Vattenfall (2017), the price of connecting a power capacity of 100 kW is 

approximately 100,000 SEK for companies. With the decrease in emissions of CO2 equivalents 

that can be made using this number of charging stations, a higher investment cost than that 

would decrease the chances of receiving the subsidy from Klimatklivet, see Equation 1. Gränby 

sportfält already has a connection to the electricity grid. Since the price then only would include 



 

27 
 

the increment of the total power capacity the costs would probably be lower than 100,000 SEK. 

However, 100,000 SEK was still used in this cost estimation since the exact costs requires a bid 

to Vattenfall AB, which lays outside the scope of this study. With 12 charging points the total 

power capacity ranges from 26.4 to 264 kW. 100 kW as the total power capacity would lead to 

that the minimum power being distributed when the parking lot is full, is 8.33 kW which is 

enough to meet the large majority of the energy demand of visiting EVs, see Figure 3. It can also 

be seen that 110 kW satisfies the total energy demand of connected EVs to 97.29 % when using 

50 charging points, see Figure 4, which indicates that a total power capacity of 100 kW would 

lead to a functional charging solution when expanding the number of charging points. However, 

for serving approximately 50 charging points or more, the proposal is to increase the total power 

capacity to 200 kW when suitable, see Section 6.2.  

 

The material cost for 6 charging stations, thus 12 charging points, and the load balancer GCU100 

from Chargestorm is 84,000 SEK (Lindergren, 2017). The cost for ground work for 50 m is 

approximately 40,000 SEK (Willén, 2017). The exact length for ground work was not known for 

this study, which lead to using 50 m as an example length. In total the costs amounts to around 

224,000 SEK. Further, according to Willén, the decrease of emissions per charging point of 

normal or semi-fast type is 1,460 kg CO2 equivalents. The durability of a charging point is 

expected to be 15 years. With 12 charging points, the total savings in CO2 equivalents is thus 

estimated to 262,800 kg. By dividing the savings in CO2 equivalents by the investment costs 

according to Equation 1, the ratio is 1.17 in the case of Gränby sportfält. Thus, the requirements 

for a funding from Klimatklivet are met. If 50 % of the investment costs were covered by the 

subsidy, the investment costs would be 112,000 SEK. 

6.5 Financing 

A suitable business model should be both reasonable for the users and meet the desires of the 

property owner that is responsible for the implementation of the charging solution. The 

installation costs for the charging stations are relatively high and therefore difficult to cover by 

only having a fee for the charging of EVs (Power Circle 2014, 28). However, according to Power 

Circle a fee for charging EVs can be enough to cover operation and maintenance costs of the 

charging stations. If there exist a desire to cover the installation and ground work costs other 
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alternatives may need to be considered. One alternative is to use sponsors and the charging 

stations as advertisement spots for a period of time. If a parking meter already exists it can be 

used for the charging costs as well to improve the usability. It is also possible to handle payment 

via text messages or mobile applications (Lindergren, 2017). In this section, three alternative 

business models will be discussed depending on what purpose and objective the property owner 

responsible for the implementation might have. These are further described below, followed by a 

description of how advertising and sponsors can be implemented to cover some of the costs. For 

all three alternatives, a subsidy from Klimatklivet is proposed to apply for. 

6.5.1 Alternative 1 - Make profit 

The first alternative is that the property owner wants to cover all costs including installation, 

ground work and maintenance costs and also make a long-term profit. For this alternative the 

idea of using sponsors for advertisement can be used to cover installation and ground work costs. 

A complementary payment system where the visitors pay for the charging of their EVs can then 

be used to cover the maintenance and electricity costs as well as making a profit. 

6.5.2 Alternative 2 - Cover maintenance costs 

The second alternative is that the property owner is interested in only covering maintenance and 

electricity costs, and not making a long-term profit. The proposal is in this case to choose to have 

the fee for charging the EVs as the only income.  

6.5.3 Alternative 3 - Cover installation costs 

Lastly, the third alternative is that the property owner wants to focus completely on service and 

public welfare. In this case one option is to offer charging for free as a statement of 

environmental consciousness, and if a desire to cover investment costs as well exists, sponsors 

and advertising can be used as a complement. 

6.5.4 Advertising and sponsors 

To be able to use advertising as a source of income it is crucial to be able to offer the sponsors 

something in return. Regardless of location one appealing aspect is for the sponsor to be seen in a 

good context, in the sense of encourage the increase in numbers of EVs and encourage 



 

29 
 

sustainable development. In this case study, the sponsors also has the possibility to be seen at a 

sports field with clear connections to health and fitness. Further, the placement and size of the 

advertisement is also an important aspect both for the ability of attracting sponsors and regarding 

the prizing of the advertising spots. A clearly visible advertisement that can be seen by many will 

clearly be the more attractive choice. In this case study the best places for advertising are for 

instance on the outside wall of IFU Arena facing towards the parking areas, inside IFU Arena or 

as a separate sign near the charging stations at parking area E, see Figure 1. Something that 

would give the advertising additional value is offering the sponsors an optional slogan or similar 

on the sign. The sponsorship and prizing can be designed in different ways depending on the size 

of the installation costs and how long the payoff time is desired to be.  

6.6 Modeling an arbitrary parking lot 

This study is general in the sense that the methodology can be applied on any arbitrary public 

parking lot. The MATLAB model that is used as a decision basis for the charging solution, 

works for simulating any parking lot given suitable input data. The statistics over traveling 

patterns are from a national travel survey and is therefore applicable anywhere in Sweden. The 

event data on the other hand is specific for each parking lot and has to be adjusted to fit the case 

that is being analyzed. The data set used in this case study included start and end times of the 

events but on other parking lots, where the visitors for instance does not attend events, it might 

be more suitable to use arrival and departure times directly. How the data set best is constructed 

is different for each case, but central is that the number of visitors along with their arrival and 

departure times are included in the model to be able to do the simulations. The number of 

charging points used and their power range is easily changed in the model. Further, the model 

works with different types of chargers and different manufacturers. However, exactly how the 

total power capacity is distributed for chargers with load balancing might vary between different 

types of chargers and manufacturers and therefore the model might have to be modified 

accordingly. 
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6.7 Sources of error 

The growth rate of EVs at 79 % that is used for extrapolating the number of EVs in Sweden in 

the future, is in this study assumed to be constant until 2021. It is important to note that the 

growth rate of EVs might change over time. Further, the parking duration time for EVs at 

Gränby sportfält is in the model assumed to be two hours with a randomized interval of 30 

minutes for arrivals and departures. In reality the parking duration may both be longer and 

shorter.  

 

The simulation is a way to predict how the charging stations will be used. Since an exact 

representation of the visitor activity at the site during the chosen week could not be done, a 

stochastic model was used. The stochastic elements in combination with the assumptions made 

to be able to construct the data set may make the simulation inexact, but is a common way to 

imitate things like visitors’ arrival and departure patterns, as well as the distances traveled 

(Taylor et al., 2009).  

 
The data over traveling patterns used as an input to the model is from a national travel survey 

compiled by Swedish Institute for Transport and Communications Analysis, in 2005-2006. 

Lacking access to a more contemporary data set, this was seen as the best alternative to use 

which for instance might lead to erroneous estimations regarding energy demand of arriving EVs 

that was calculated. However, journeys in 2021 is assumed to follow the same patterns. Still, 

using updated data would give more accurate results. 

 

Further, it should be noted that the event data of Gränby sportfält compiled for the simulation 

was for a week in early February 2017, while the ratio of 50 EVs per 700 private cars is expected 

to occur in 2021. The visitor activity on the site might not look the same in 2021 as it does today. 

For example, the renovation and development of Gränby sportfält includes building a golf center 

and a new outdoors arena for athletics. However, the arenas that still are to be built will primarily 

lead to an increase of visitors during the summer season, and the winter season is still expected 
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to be the high season. Furthermore, the activity on the site during winter season is expected to 

follow the same patterns.  

 

6.8 Further work 

A broader study could consider comparisons between different charging stations from different 

manufacturers. Furthermore, it would be relevant to make a more comprehensive study timewise 

- for example simulate the situation at the parking lot for a whole year. Also, a simulation 

considering future scenarios to a larger extent could be made for the purpose of determine the 

sustainability of the solution in the future. Future scenarios may also involve other types of 

charging, which could be integrated in the model in a broader study.  
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7. Conclusions 
The power a charging point at the parking lot at Gränby sportfält needs to distribute is of semi-

fast type. The comparison between semi-fast chargers with and without load balancing shows 

that the solution using load balancing meets the energy demand of connected EVs to a larger 

extent for a lower total power capacity than the solution without load balancing. Charging with 

load balancing is thereby the best solution for the parking lot at Gränby sportfält. With the 

solution using semi-fast chargers with load balancing and 50 charging points the power level 200 

kW was chosen as the total power capacity to dimension for. This resulted in meeting 98.66 % of 

the connected EVs' energy demand in the simulation made. 

 

This study proposes to build the charging points gradually, and start by building 12 semi-fast 

charging points with load balancing and dimension for a total power capacity of 100 kW. The 

result of a cost estimation for the first installation is 224,000 SEK. With that cost, the first 

installation fulfils the requirements for receiving subsidy from Klimatklivet. To cover remaining 

costs a good alternative for Gränby sportfält is alternative 3, which involves covering installation 

costs but also focusing on public welfare and sustainable development.  
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9. Appendix 

9.1 Event data 

The following tables include event data from IFU arena (IFU Arena, 2017), the UTK arena 

(Upsala TK, 2017), the Uppsala municipality’s activity list (Uppsala municipality, 2017) and the 

time schedule for Linnécupen 2017 (Uppsala skridskoklubb, 2017). 

 
Table 2: Constructed data set of start and end times as well as category number of each event at Gränby 

sportfält during Monday, 6 February to Thursday, 9 February 2017. Estimated attendance and category 

description of each category can be seen in Table 1.  

Monday Tuesday Wednesday Thursday 
Start  End  Category Start  End  Category Start  End  Category Start  End  Category 
07:00 09:00 8 07:00 09:00 8 07:00 07:45 7 05:15 06:00 7 
07:00 07:45 7 07:00 08:00 7 07:00 09:00 8 07:00 07:45 7 
09:00 11:00 8 09:00 11:00 8 07:00 07:45 7 07:00 09:00 8 
13:00 15:00 8 10:00 13:00 7 09:00 11:00 8 08:00 08:30 7 
15:00 17:00 8 10:00 11:30 7 10:00 13:00 7 09:00 11:00 8 
15:30 16:45 7 11:00 12:30 7 11:00 13:00 6 10:00 13:00 7 
15:30 16:30 7 11:00 13:00 8 12:00 13:30 7 10:30 12:00 7 
16:00 17:30 7 13:00 15:00 8 13:00 15:00 6 11:00 13:00 8 
16:00 18:00 7 15:00 17:00 8 13:15 14:15 7 13:00 15:00 8 
16:00 19:00 7 15:30 17:00 7 15:00 17:00 8 14:00 15:00 7 
16:00 19:00 7 16:00 18:00 7 15:00 16:00 7 14:15 15:15 7 
16:00 18:00 7 16:00 17:00 7 15:30 16:30 7 15:00 17:00 8 
16:00 19:00 7 16:00 17:00 7 15:30 16:45 7 15:30 16:45 7 
16:45 17:45 7 16:00 19:00 7 16:00 18:00 7 15:30 16:30 7 
17:00 19:00 8 16:15 17:45 7 16:00 17:00 7 16:00 17:00 7 
17:00 20:00 7 16:15 17:45 7 16:00 17:00 7 16:00 17:00 7 
17:00 19:00 7 17:00 19:00 8 16:00 18:00 7 16:00 17:00 7 
17:45 21:45 7 17:00 18:00 7 16:30 18:30 7 16:00 18:00 7 
18:00 19:00 7 17:00 18:00 7 16:45 18:15 7 16:00 19:45 7 
18:00 19:00 7 17:00 18:00 7 17:00 19:00 8 16:45 17:30 7 
18:00 19:00 7 17:00 20:00 7 17:00 18:00 7 17:00 19:00 8 
18:30 20:00 7 17:15 18:45 7 17:00 19:00 7 17:00 18:00 7 
19:00 20:00 7 18:00 19:00 7 17:00 20:00 7 17:00 18:00 7 
19:00 20:00 7 18:00 19:00 7 17:00 19:00 7 17:00 18:00 7 
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Table 3: Constructed data set of start and end times as well as category number of each event at Gränby 
sportfält during Monday, 6 February to Thursday, 9 February 2017. Estimated attendance and category 

description of each category can be seen in Table 1. Note that Table 3 is a continuation of Table 2. 
 

Monday Tuesday Wednesday Thursday 
Start  End  Category Start  End  Category Start  End  Category Start  End  Category 
19:00 20:00 7 18:00 19:00 7 17:00 21:00 7 17:00 19:00 7 
19:00 20:00 7 18:00 19:00 7 18:00 19:00 7 17:00 20:00 7 
19:00 20:00 7 18:00 20:45 7 18:00 19:00 7 17:00 18:30 7 
19:00 21:00 8 18:00 18:45 7 18:00 20:00 7 17:45 19:15 7 
19:15 20:45 7 19:00 20:00 7 18:00 20:00 7 18:00 19:00 7 
19:15 21:45 7 19:00 20:00 7 18:30 21:45 7 18:00 19:00 7 
20:00 22:00 7 19:00 20:00 7 18:45 19:30 7 18:00 19:00 7 
20:00 21:00 7 19:00 20:00 7 19:00 21:00 8 18:00 20:00 7 
21:00 21:45 7 19:00 20:00 7 19:00 20:00 7 18:00 19:00 7 
22:00 23:00 7 19:00 21:00 4 19:00 20:00 7 18:45 21:45 7 
22:00 23:00 7 19:00 21:45 7 19:00 20:00 7 19:00 20:00 7 
22:00 23:00 7 19:00 21:00 8 19:00 20:00 7 19:00 20:00 7 
   19:00 21:00 7 19:45 21:45 7 19:00 20:00 7 
   19:00 20:30 7 20:00 21:00 7 19:00 20:00 7 
   20:00 21:00 7 20:00 21:00 7 19:30 20:30 7 
   20:00 21:00 7 20:00 21:00 7 20:00 21:30 7 
   20:45 21:45 7 21:00 22:00 7 20:00 21:00 7 
   21:00 22:00 7 22:00 23:00 7 20:00 21:45 7 
   21:00 21:45 7 22:00 23:00 7 20:20 22:20 1 
   22:00 23:00 7 22:00 23:00 7 20:40 22:40 1 
   22:00 23:00 7    20:45 21:45 7 
   22:00 23:00 7    22:00 23:00 7 
         22:00 23:00 7 
         22:00 23:00 7 
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Table 4: Constructed data set of start and end times as well as category number of each event at Gränby 

sportfält during Friday, 10 February to Sunday, 12 February. Estimated attendance and category 

description of each category can be seen in Table 1.  

Friday Saturday Sunday 
Start  End Cat. Start End  Cat. Start End Cat. Start End Cat. Start  End Cat. 
07:00 09:00 8 08:00 10:00 7 13:30 14:30 7 08:30 10:30 1 13:00 15:00 9 
07:00 08:00 7 08:00 10:00 7 13:50 15:50 1 08:30 10:30 1 13:10 15:10 1 
07:00 07:45 7 08:00 20:00 7 14:00 16:00 1 08:30 10:30 1 13:10 15:10 1 
07:30 08:45 7 08:00 20:00 6 14:00 16:00 1 08:30 10:30 1 13:30 15:30 1 
08:00 23:00 7 08:30 10:30 1 14:00 16:00 1 09:00 22:00 6 14:00 16:00 1 
09:00 11:00 8 08:30 10:30 1 14:20 16:20 1 09:00 11:00 7 14:20 16:20 1 
09:00 09:45 7 08:30 10:30 1 15:00 17:00 1 09:00 22:00 7 14:20 16:20 1 
10:00 14:00 7 08:50 10:50 1 15:00 17:00 1 09:00 09:45 7 14:30 16:30 1 
10:00 14:00 7 09:00 11:00 9 15:00 17:00 9 09:00 11:00 9 14:30 16:00 7 
10:00 13:00 7 09:30 11:30 1 15:10 17:10 1 09:30 11:30 1 15:00 17:00 9 
10:00 13:00 7 09:30 11:30 1 15:30 17:30 1 09:30 11:30 1 15:30 17:30 1 
11:00 13:00 8 09:30 11:30 1 15:45 16:45 7 09:30 11:40 1 15:30 17:30 1 
13:00 15:00 8 09:30 11:40 1 16:10 18:10 1 09:30 11:40 1 16:00 18:00 5 
14:30 15:45 7 10:00 11:30 1 16:20 18:20 1 10:00 12:00 7 16:15 17:45 7 
14:30 15:45 7 10:00 14:00 1 16:30 18:30 1 10:00 11:30 7 16:30 18:30 1 
15:00 17:00 8 10:15 12:15 7 17:00 19:00 9 10:00 14:00 1 16:30 18:30 1 
15:30 18:30 7 10:15 12:30 7 17:20 19:20 1 10:30 12:30 1 16:30 18:30 1 
15:30 17:00 7 10:15 12:15 7 17:30 19:30 1 10:30 12:30 1 17:00 19:00 1 
16:00 17:45 7 10:30 12:30 1 17:30 19:30 1 10:30 12:30 1 17:00 19:00 9 
16:00 16:45 7 10:30 12:30 1 17:30 19:30 1 10:50 12:50 1 17:30 19:30 1 
16:00 17:00 7 10:30 12:30 1 18:00 20:00 1 10:50 12:50 1 17:40 19:40 1 
16:00 17:00 7 10:50 12:50 1 18:00 20:00 2 11:00 13:00 9 17:45 19:30 7 
16:00 17:00 7 11:00 13:00 9 18:00 20:00 7 11:15 17:30 7 18:00 19:30 7 
17:00 19:00 8 11:40 13:40 1 18:00 20:00 7 11:30 13:30 1 18:30 20:30 1 
   12:00 14:00 1 18:30 20:30 1 11:40 13:40 1 18:40 20:40 1 
   12:00 14:00 1 18:40 20:40 1 11:45 14:15 7 19:00 21:00 1 
   12:00 14:00 1    11:50 13:50 1 19:00 21:00 9 
   12:00 14:00 1    12:00 14:00 1 19:20 21:20 1 
   12:40 14:40 1    12:00 14:00 1 19:45 21:00 7 
   12:45 17:45 7    12:00 14:00 1 19:45 20:45 7 
   12:50 14:50 1    12:10 14:10 1 21:00 22:00 7 
   13:00 15:00 9    12:30 14:30 1 21:00 22:00 7 
   13:10 15:10 1    12:30 14:30 1    
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9.2 Distances traveled 

The following figures show driving distances from a Swedish national survey compiled by 

Swedish Institute for Transport and Communications Analysis (2007). Figure 9 shows traveling 

distances of journeys with the travel reason other and Figure 10 shows traveling distances of 

journeys with the travel reason work.  

 
Figure 9: Histogram where each bin represents how many journeys of a specific distance were made with 

the travel reason other. 
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Figure 10: Histogram where each bin represents how many journeys of a specific distance were made 

with the travel reason work. 

 

 

 

 

 


