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Abstract 
Analysis of Charging Patterns of Electric Vehicles Case Study in 

Uppsala, Sweden. 

 Ahmed Gamil Ahmed Ibrahim Yousef 

Electric vehicles (EVs) are used instead of fossil fuel-burning vehicles to 

reduce greenhouse gasses. The increased rate of utilizing EVs has an impact 

on the electric power system. This is due to the fact that EVs are loads that 

increase the peak demand. From these perspectives, this thesis studies the load 

of the electric chargers in a parking house in Uppsala and studies the effect of 

adding battery storage systems. The cost of used electricity is also calculated 

at different battery storage system (BSS) capacities, and the electricity bill is 

evaluated at these different conditions.  

The data used in this work was collected from a parking house allocated in 

Uppsala city in 2021. It is equipped with 30 charging stations and 60 charging 

points in total. In addition, the parking house is connected to a PV system 

with two racks of batteries with a capacity of 137kWh. The surplus power 

generated by the PV system is sold to the grid. The data from the PV 

production and EVs demand is analyzed using MATLAB. The electricity 

price used in this study is from a standard contract from Vattenfall, with 

different prices at day and night (0.144 SEK/kWh at night and 0.48 SEK/kWh 

during day time). The battery is charged during the night, at lower price, and 

discharges during the day. The excess power from the PV is also stored in the 

battery as self-consumption is more profitable than selling it to the grid. Only 

the load from the electric chargers is consider in this study, and other loads 

such as illumination and elevators have been neglected due to lack of data.  

The results show that the installed BSS units reduce the overall cost of the 

load as compared to those without BSS units. By studying the system under 

different battery capacities, the electricity bill is reduced to a certain limit. 

However, the increase in storage capacity beyond 137 kWh has no effect on 

the overall electricity cost. This maximum limit of the BSS unit’s capacity 

would be greatly affected by the size of the installed PV system and the 

number of EVs to be charged. Controlling the charging and discharging 

periods has a significant impact on reducing the system cost. 
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1. Introduction 

Electric vehicles are on track to provide a sustainable and economical alternative to internal 

combustion engine vehicles (ICEs). According to the International Energy Agency (IEA), the total 

number of Electric Vehicles on the road worldwide is expected to reach 10 million cars by the end 

of 2022 and 50 million cars by 2025[1]. In Sweden, the latest research proved that the usage of 

Electric vehicles has been increasing every year. According to the statistics, the peak of this increase 

was in 2020. The number of Electric vehicles almost doubled in 2019, which was more than 55 

thousand cars [2]. 

Consequently, increasing the number of Electric vehicles means that the charging stations are 

supposed to be increased to cover this massive number of cars in all areas in Sweden. According to 

the owner or manufacturing companies, there are many types of charging stations. For example, 

figure 1 shows how many charging stations were in Sweden from quarter 3 in 2017 to quarter 4 in 

2020 [2]. 

 

Figure 1: Number of charging stations in Sweden from Q3 2017 to Q4 2020 [2]. 

The transportation section is responsible for a large proportion of the causes of greenhouse gas 

production. According to the latest statistics, it was 25.8% of the total sources or causes of 

greenhouse gas production[3]. The rapidly increasing number of charging stations has a big impact 

on the environment and society. It will encourage the citizens to use EVs, which helps reduce carbon 

dioxide emissions from conventional cars. Also, it helps preserve our planet from the effects of global 

warming that the world is suffering from now. Although everything has pros and cons, the charging 

stations' negative impact affects the electric grid either in the distribution section or transmission 

section, for example, increasing the peak demand, voltage instability, and reliability problems. 

On the other hand, the world is still suffering from several economic crises due to many events, most 

notably the Corona pandemic and the Russian war against Ukraine. One of the forms of this suffering 

is the increase in electricity prices which could be a hindrance to sustainability and may be an 

obstacle to the construction of charging stations and, thus, a threat to the use of electric car 

developments, which affect the planet again with the green gasses. In this thesis and to contribute to 

resolving these problems, a parking house at Uppsala city has been taken as a case study to 

investigate the charger's load profiles. We can understand and develop the optimized solution to 

reduce the previous problems by analyzing the load profiles. In addition to the load profiles of the 
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chargers, a solar panel system that provides the parking with power during daylight is an excellent 

option to reduce electricity consumption and increase the dependence on renewable energy and thus 

support sustainability. The parking also has an energy storage system which could be one of the 

effective solutions. Reducing the problems mentioned above will benefit the national electric grid 

and the company that owns the parking. 

1.1 Problem Statement  

The increase of  the impact of global warming with the significant rise in the prices of electric energy 

these days, forced the world to search for alternative energy sources. Renewable energy and the use 

of electric vehicles as an alternative to traditional cars are considered to be promising solution for the 

stated problem . This rapid increasing of electric vehicles led to increase the number of the charging 

stations which has impact on the electric grid.  In addition, the electric bill would be severely 

increased due to the increase of the EVs and the electricity prices. 

1.2 Aims and Goals 

The Aim of this thesis is to study and investigate the charging patterns of the EVs and the effect of 

adding energy storage to the system, the cost of the electricity bill has been calculated at different 

capacities of the energy storage. A parking house in Uppsala city has been taken as a case study. The 

analysis of the system includes the EVs load profiles, PV power generated and the energy storage 

added to the system. Also calculation of the price of electricity and the effect of adding the energy 

storage with controlling the timing of charging and discharging of the energy storage has been 

investigated. 

1.3 List of tasks 

 

 Analysis of EVs collected data as the main load profile of the system. 

 Analysis of the generated PV power from the PV station installed on the parking house. 

 Integrating the energy storage system with EVs profiles and PV profiles and invistigating the 

effect of it. 

 Investigating the parking house system monthly bill in case of no energy storage and with 

energy storage installed at a fixed capacity. 

 Investigating the effect of changing the energy storage capacity on the system monthly bill. 

 

1.4 Limitations and Assumptions 

. In this thesis, the EVs loads from the electric chargers are only considered. Other loads such as 

lighting system, small power system and elevators have been neglected due to lack of data. In 

addition, there were not energy storage charging and discharging profiles which are counted both as 

limitations. The system of the parking house assumed to be balanced with no ripples.  EVs charging 

from the chargers assumed to be from the same type. The collected data from EVs loads or PV power 

generated were taken for different periods. In order to unify the time base under study, the periods of 

the data are assumed to be the same. 

 

 

 



10 | P a g e  

 

2. Literature Review 

2.1 Overview of PV system 

In the last few years, and because of the numerous effects that greenhouse gasses have on our 

planet, countries around the world are shifting to using renewable energy as an alternative 

instead to traditional energy or fossil fuels. In 2021, global Carbon dioxide CO2 emissions 

reached the highest level in history, according to (IEA), increasing by 6% [4]. In terms of 

renewable electricity production resources in general, recent research indicates that solar 

energy is the third most widely used source worldwide, while Hydropower was the first source 

and wind power was the second [5]. The sun is giving us clean power without any carbon 

emissions, not only that it's also a free source which everyone can use, the Solar Energy or as 

we know it as Photovoltaic PV, it's the way of converting the solar irradiance into Electric 

power. PV has many benefits either for sustainability or economically for example, it provides 

a continuous cost reduction over time, a stable system, rapid technological progress, low 

maintenance, and no pollution. The total energy generation from the different renewable 

resources in the latest statistics shows that solar energy generation has slightly increased 

between 2010 and 2021 [5]. However, according to Svenska Kraftnä, figure 2 present the total 

electricity production in Sweden in 2020, we can observe that the total electricity produced 

from PV is only 0.5%, which is very low compared to other renewable energy such as Hydro 

and wind [6]. 

 

Figure 2: Renewable Energy Generation by source in Sweden in 2020 [5]. 
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2.1.1 PV system components 

For PV systems, despite the location of the system, we have two main types of PV planets, and it 

depends on connection to the grid or not. Figure 3 shows the main components of a PV system, 

which basically consists of: 

A. Solar panels (PV modules): this is the central part of the system which is responsible for 

converting solar irradiation to electric power. 

B. The inverter: the power produced from the PV panels is DC and our loads are AC, so 

we use the inverter to convert the voltage from DC power to standard AC power. Also 

the inverter is essential in case we don't have PV power and want to use energy storage 

that converts from DC to AC. 

C. Battery: when we have excess power generated from the PV, we need to store this 

power to use later, to store the excess power that can be used later, for example, at 

night. 

D.  Charger controller: an important component of the PV system because it controls the 

charging and discharging of the battery, which prevents the overcharging of the battery, 

thus increasing the lifetime of the battery. 

E. Utility meter: when we have excess power generated from the PV system, it is 

necessary to know how much we have because we are going to sell this power to the 

grid. Also the power consumption we get from the grid during the lack of PV power 

could be in the winter or the night for example. 

 
Figure 3: PV system main components [8]. 

2.1.2 PV types of connections 

The PV system is generally classified according to the purpose of use, the functional and component 

configuration into two main types ON Grid and OFF grid, or can also be called stand-alone system. 

Both have many similarities and differences in the design and working method. ON grid PV system 

is an independently decentralized system connected to the electric grid, while a Stand-alone PV 

system works independently of the electric grid [7]. The size of the PV system depends on the 

requirements needed, if it will be a private building or a project, the site location, and the climate [8]. 
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2.1.2.1 On Grid PV system 

On-Grid or grid-connected system, as shown in figure 4, is designed to produce power for the facility, 

and the excess power is sold to the electric grid. The owner of the PV system gets compensated for 

this power, and typically the customer, if the consumption increases than the power produced from 

the solar plant or any technical fault in the solar plant, he-she can use the electricity from the grid by 

paying for the consumption amount. One of the benefits of an On-Grid connection is that there is no 

need for the batteries to store the excess power because this power will be sold to the electric grid. 

This benefit makes the On Grid connection easier and cheaper than the stand-alone system and is 

popularly used in the market, especially in residential areas. [7] 

 
Figure 4: On Grid PV system components [8]. 

2.1.2.1 Off-Grid PV system 

Off-Grid or Stand-alone PV system, we can understand from the name that this system is not 

connected to the grid and works independently of the grid. Therefore the battery is required to store 

the excess power instead of selling it, as shown in figure 5. The disadvantages of the system are more 

than the advantages. The system is quite complicated due to the battery and the charger controller, 

using these additional components makes the system expensive, and the owner will not be able to 

use the electric grid in case there is a fault in the PV system. A stand-alone system is recommended 

for areas that cannot connect to the electric grid and for some applications like farmers and water 

pumps. [7] 

 
Figure 5: Off-Grid PV system components [8]. 
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2.2 Electric Vehicles  

In the last few years, growing concern about CO2 and GHG emissions and their effects on the planet. 

Fossil fuels are one of the causes of these emissions, which made it necessary to replace them by 

using clean and environmentally friendly energy. According to the Paris agreement, electric vehicles, 

including all EVs, must represent 35 % of global sales in 2030 [9] [10].  

 

Figure 6: Electrification of transportation [9] 

EV are mainly classified into four main types according to the manufacturing and components as 

shown in figure 6 and as the following: 

   2.2.1 Battery Electric Vehicles BEVs 

From the name, the EV mainly depends on the batteries, the electricity stored in the battery pack, 

and can be charged by a plug-in into the electric grid through the charging stations. When the car is 

working, the battery provides power to the motor to run the car. The power for the motor is converted 

from DC in the battery to AC by using an inverter. The speed of the EV can be controlled by 

controlling the frequency of the AC Power from the inverter to the motor. The motor is connected to 

the turning wheels [11] [12]. The principle of working for BEVs is shown in figure 7. 

 

Figure 7: BEVs Principle of working [11] 
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2.2.2 Hybrid Electric Vehicles HEVs 

In this type, Hybrid refers to the method of the HEV used, and the HEV is powered by an engine and 

an electric motor. The engine is powered in the normal way for the regular car's ICE through the 

energy from the fuel tank, and the electric motor is powered by the battery pack. Therefore, the motor 

and the engine can work at the same time. There is no external charging option for the battery, so it 

can be charged either by the combustion engine or by regenerative braking as shown in figure 8. 

HEV is considered a complex design and cost compared to the ICE or EV [11] [12].  

 

Figure 8: HEVs Principle of working [11] 

2.2.3 Plug-in Hybrid Electric Vehicles PHEVs 

For PHEV it has the same components as HEV, also powered by both engine and the electric motor 

with the battery, but in PHEV has a feature that doesn't exist in HEV. The battery pack can be 

recharged externally through the charging stations, which are connected to the electric grid. Also, it 

can be charged through the engine or regenerative braking which means when brakes are applied, 

the electric motor work as a generator then the energy produced will be used to charge the battery as 

shown in figure 9. PHEV has two modes of operation: 

 Full Electric mode: the battery and motor provide the car with all the energy required to run 

the car. 

 Hybrid mode: when the energy required for the car comes from both electrically and from 

the engine [11] [12]. 

 

Figure 9: PHEVs Principle of working [11] 
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2.3 Charging Methods of EV 

The charging methods are one of the challenges for EVs and play an essential role in the EV industry. 

The rapid investment and development in charging technologies make building the infrastructure 

easier and faster. Figure 10 shows that the EV's main charging methods are mainly classified into 

Battery exchange, also known as battery swap station BSS, Conductive charging, wireless charging, 

or called inductive charging. Conductive charging is divided into the first type, Pantograph charging, 

including On-board and Off-board, while the second type is overnight depot charging [9].  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Methods of EV Charging [9] 

 

2.3.1 Battery Exchange 

Battery Exchange or also known as Battery Swap Station BSS, BSS is without any doubt one of the 

most convenient and time-saving charging methods. EV owners can swap their discharged batteries 

for a new one at the BSS battery swap station. For this service, they only need to pay monthly rent 

for the owners of the BSS. The slow charging for the battery in the BSS increases the battery's 

lifetime [14] [15]. BSS could be integrated with one of the renewable energy resources, like solar 

energy or wind energy, to keep the full cycle clean energy. Also, one of the solutions could be to use 

the batteries during the period they are in the BSS. They could use V2G technology which contributes 

to the power system and balances the electric grid's load demands. The BSS consists mainly of a 

transformer, AC/DC converters, Battery chargers, and a maintenance system, some equipment used 

in swapping and charging the batteries [9].  

2.3.2 Conductive Charging (CC) 

The conductive charging method allows a physical connection between the battery charger and the 

EV. Many different techniques can be used with the CC method, constant current, constant voltage, 

tapper charging, and constant power. These techniques are conventional. New and advanced 

technology could be used, combining the previous techniques, such as CC/CV, which combines 

constant current and voltage. The new technique aims at fast charging. Conductive charging can 



16 | P a g e  

 

provide different levels with different values of voltages. Level one provides 110-120V and is 

usually located in homes. Level 2 can provide 208-240V, it could work in homes, workplaces, and 

public areas. Furthermore, level 3 and the output is 500VDC, which supports fast charging 

technology and can work for public areas. Levels 1 and 2 have a lower effect on the grid than level 

3. The effect of level 3 on the electric grid is high, also their power losses and power infrastructure 

is more complex [14] [15]. Figure 11 shows the connection or the direct contact between the battery 

and the charger. The charger is the tool to transmit the energy from the electric grid to the battery. It 

consists of AC/DC and DC/DC converters, including power factor correction between them. It can 

be classified as an on-board or off-board charger. The classification of conductive charging is 

Pantograph charging and overnight depot. Pantograph charging is used for the higher battery 

capacity. It could be either a Top-down pantograph or also called Off-board or a Bottom-up 

pantograph, also called On-board, depending on the power flow if it is in one way or two ways. One 

way is simple and allows the power to flow in one direction, while the two ways allow the power to 

flow in both directions. On-board charging is mainly applied to slow charging, and it has many 

benefits such reduce the need for external infrastructure, while the disadvantage is increasing the 

weight and the cost of the EV. An example of an On-board Battery Charger is shown in Figure (11) 

[9]. Off-board chargers are used at level 3, which could be connected to highway refueling stations 

or urban areas. Overnight depot charging can work for both slow and fast charging, usually, it is used 

during the nighttime. So the most benefit of this type is the low effect on the electric grid because it 

is not working in peak times. [14].  

 

 

Figure 11: On-board Battery charger circuit [9] 

2.3.3 Wireless charging 

The third method of charging is the Wireless charging method, also known as Wireless power 

transfer (WPT). It is a technology that allows electrical energy to be transferred wirelessly from the 

transmitter to the receiver, making EV charging more accessible. This technology is mainly based 

on electromagnetic induction theory. The base component of this technology is two coils, the first 

one is placed on the surface of the road, which will supply the energy to the EV, this coil is called 

the primary coil, and the second one is placed in the EV and called the secondary coil. The primary 

coil will transmit the energy while the secondary coil will receive it [14]. Figure 12 shows an EV car 

charging through the wireless method [16]. WPT technology is favored in EV applications because 

we can charge the EV easily and conveniently without any connections between the station and the 

EV [17]. The WPT charging method can be used while the EV is running on the road or in the 

parking, bus stop, and traffic lights. The efficiency of the WPT is weak in general, but for the best 
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efficiency of power transmission, the air gap or the distance between the primary and secondary coil 

should be in the range of 20 to 100cm [18].  

 

Figure 12: Hyundai EV recharges with a wireless system, Geneva motor 2018[18]. 

2.3.4 Comparison between the charging methods 

Each method of charging method has pros and cons. So, Table 1 compares the three methods of 

charging [14], considering many factors, it can be easy to choose the suitable one. The cost is one of 

the critical factors. The area or region where the station will be installed should also be considered 

because of the infrastructure. The electric grid and specifications, such as stability and load demand, 

can decide whether we need V2G technology or not. 

 

 

Types Advantage Disadvantages 

 

 

Battery 

Exchange 

 Reduce the time of charging by just 

replacing the battery. 

 Save the battery life because of the 

slow charging. 

 Help the grid to make balancing the 

demand and support V2G 

Technology. 

 Easy to integrate with Renewable 

Energy Recourses. 

 High cost because of the monthly 

rent. 

 Many spaces are required to place 

the Batteries. 

 EVs have different types of 

Batteries. 

 

 

Conductive 

Charging 

 Provide high efficiency. 

 Direct connection reduces power 

losses. 

 Provide different charging levels. 

 Control the voltage level. 

 Stations support V2G technology. 
 

 Complex design for the stations. 

 V2G reduces the lifetime of the 

battery. 

 Fast charging causes the voltage to 

be unstable. 

 Overload for the Grid because of 

uncoordinated charging times 
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Wireless 

Charging 

 EVs connect with any connection, 

which makes them safe. 

 No need for any wires or sockets. 

 EVs can recharge when it is running. 
 

 Low efficiency. 

 The range between the car and the 

surface coil must be 20-100cm 

 The EVs and transmitter should be 

in real-time. 
 

Table 1: Comparison between the charging methods [14]. 

2.3.5 EV Charging system rating 

Charging stations could be stated into two main common ways, the first one is slow charging while 

the second is fast charging. For some reason, charging stations are classified into four modes, 

according to many factors such as power and EV characteristics. According to the activity method 

of the EV, there are on-board and off-board types. The difference is that the on-board conducts the 

charging activity inside the EV, while in the off-board, the EV requires an external charger. Level 1 

and Level 2 could be used in residential places, while Level 3 is used for public places and Level 4 

for Highway roads. Level 1 and Level 2 have two types of voltage, either single phase or three 

phases, while Level 3 and Level 4 are only 3 phases. Level 3 and Level4 considered as fast charging 

due to the short period the EV took to charge, between 20-30 minutes, while the Level 1 charging 

period is 6-8 hours which is a bit long time and slow charging, and for Level 2 it takes 3-4 hours for 

the single phase and 1-2 hours for the 3 phase. The design of the battery of the EV will affect the 

charging level it should charge from, so the electrical characteristics of the EV battery are too 

essential to define which mode or level the EV should use. Table 2 explains the difference between 

the four modes of charging also it shows the differences between all four modes of charging: 

Charging Mode Mode 1 Mode 2 Mode 3 Mode 4 

Level Level 1 Level 2 Level 3 Level 4 

Activity methods On-board On-board On-board Off-board 

Location Residential Places Residential Places Public Places Highway 

Electrical  
Characteristics 

1 phase, 3phase 
120/240Vac, 400Vac 
16A, 16A 
3.3kW, 10kW 

1phase, 3phase 
240Vac, 400Vac 
32A, 32A 
7kW, 24kW 

3phase 
400Vac 
63A 
43kW 

DC voltage 
50-700 Vdc 
100-1250A 
50-300kW 

Charging Period 6-8h 3-4h, 1-2h 20-30min <20min 
  Table 2: Charging Stations Modes [19] 
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3. Methodology 

3.1 Introduction 

 Statistics or data analysis of any project or technology are beneficial for economic and technical 

issues, and it gives us much information which we can use as signs to predict the future of this 

technology in the short term or even the long term, also it helps for the research and developments. 

In this project, a parking house contains electrical chargers for electric vehicles. The power for this 

parking house comes from two sources, the main one is the electrical grid, and the other one is from 

the PV station on the roof of the building. In this chapter, the analysis of the parking house is 

represented. 

3.2 Tools 

In the beginning, the collected data for the chargers is for 13 months, from January 2021 to January 

2022. The data was in Excel format. The file contains the 3 Phases of voltages and currents at the 

different charging sessions every day. The MATLAB program is used for this analysis. 

3.3 Program 

In the following parts, the steps of the code are discussed. For this project, the code consists of two 

main parts. The first step was importing and preparing the EV data, this step has been developed by 

Alexander Wallberg. Next step is importing and PV data. Analysis and subtracting EV from PV has 

been done in the third step, while calculating the price of electricity before and after adding the 

batteries done in the last step. The first part of the code include the first two steps while part two 

contains the other two steps.  

3.3.1 Part 1 

To start the analysis, all the data should be correct because it will be our base and reference for the 

upcoming studies. Firstly we need to import the data for the chosen month from the excel file, which 

contains all data for each month separately. Each month has the collected data every 30 seconds. 

Specific months are chosen for the analysis such as January, May, July, August and September. 

These seven months are located into three different groups. The first group is the group with no PV 

generation such as January. The second group with medium PV generation such as May and 

September. The last group contains months with the maximum PV generation such as July and 

August. The analysis is carried out on these specific groups to show the effectiveness of battery 

installation and its effect on the bill. In addition, the contrast in PV generation during these months 

shows different situations of the control such as charging battery with excess PV power and selling 

the surplus power to utility grid in July and August. While in May and September, the system 

partially depends on the utility grid. Moreover, the system depends entirely on the utility grid in 

January. After loading the data, some values in the voltages were equal to 0, and some were negative. 

The voltage is quite stable in Sweden, so the 0 and the negative values are due to some technical 

problem. To correct these values, the last reasonable reading of V for all the next readings with 0 or 

negative values. The same error in some values was also for the currents, the same technique is used, 

the reasonable reading of I for the next reading with 0 or negative values. After updating or correcting 

the data, it is saved in MATLAB memory. Now all are corrected values, and the power consumption 

from EV can be calculated for every single timestamp. The power is calculated for the single-phase 

for each specific timestamp, then the total power of the 3-phase by using the following equations  

 



20 | P a g e  

 

𝑃1 = 𝐼1 ∗ 𝑉1      eq. (1) 

𝑃2 = 𝐼2 ∗ 𝑉2     eq. (2) 

𝑃3 = 𝐼3 ∗ 𝑉3     eq. (3) 

𝑃𝑡𝑜𝑡𝑎𝑙 = 𝑃1 + 𝑃2 + 𝑃3 = (𝐼1 ∗ 𝑉1) + (𝐼2 ∗ 𝑉2) + (𝐼3 ∗ 𝑉3)     eq. (4) 

The unit of power in the calculation was (W) while the voltage was in (V), and the current was in 

(A). 

Now it is time to calculate the power consumption for each charging session, noting that each car 

has a different session, and each charger in the parking house has two connectors that can work 

simultaneously. By dividing the data into sessions, it can be easier to calculate the total power 

consumption and therefore calculate the total power consumption for the selected month, the power 

by 1000 to be per (KW) instead of (W). By dividing the data into sessions, the number of cars charged 

from the parking house on any day or month can also be defined, which can be used later for any 

statistics or even economic statistics or research. In order to analyze the EV power consumption and 

the PV collected data, they have to be synchronized, or in easy definition, it means they must have 

the values at the exact time. The EV collected data was for every 30 seconds while the PV collected 

data was for every 15 minutes, so the values of the power consumption EV need to change to be 

every 15 minutes instead of 30 seconds. One of the crucial statistics done with the code that counting 

how many cars have been charged from the charging stations in the parking house. The received data 

shows the charging session ID for each car. By counting the number of charging session IDs per day, 

we can know how many cars are charged from the parking each month and compare these numbers, 

if the parking space is enough for the cars or if we should renovate. For the PV data. The received 

data was for every day in separate Excel files, which were many files, so the first step was loading 

all PV data into MATLAB. Then, the number of days for all months was added to an array to load 

the data for the selected month. 

3.3.2 Part 2 

One of the aims of this thesis is to calculate the electricity consumption price and study the effect of 

adding the energy storage to the system. To do that, we need to subtract the EV power consumption 

from the PV power generated, including the battery capacity. So, the power that the parking will pay 

to the national grid can be defined. Figure 13 shows the sum of the EV power consumption and the 

power generated from the PV system. The battery will play a good role in the parking house system, 

not only will it store the excess power during the day, but during the days without PV-generated 

power, the battery will charge during the night with a low price and discharge during the day time 

which the prices of the electricity are pretty high. 
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 Figure 13: The sum of the EV power consumption and the power generated from the PV system in May 2021,  

The unit is “kW with a time resolution of 15 min”. 

According to Vatten fall Company which is one of the responsible companies for electricity in 

Sweden [13], the bill of electricity is defined as the following: 

𝐵𝑖𝑙𝑙 = 375 + 37 ∗ (𝑋) + 0.48 ∗ (𝑌) + 0.144 ∗ (𝑍)     eq. (5) 

Where, the first term (375) is affixed amount for each month, X is the maximum value of 

consumption and the second term is called High load fee, Y is the power consumption in day time, 

Z is the power consumption during night time. The values 0.48 and 0.144 are determined by the 

electricity company indicating SEK/kWh fee during day and SEK/kWh fee during night, 

respectively. Note that, the prices exclude VAT and the day time are from 06:00 to 22:00 [13]. 

As PV -EV subtracted, the positive part of the curve expresses the PV generation while the negative 

part refers to Electric vehicle consumption. So this means that the consumption is reversed in the 

negative part of the curve. Therefore instead of calculating the maximum value of consumption, the 

minimum value more likely suits the situation. If it is required to calculate the maximum 

consumption value, the minimum value would only be multiplied by a negative sign. 

 

In order to achieve the lowest price of electricity, the second part of the code, after adding the battery 

to the system according to the following assumptions and also explained well in the flow chart in 

figure 14: 

 If there is excessive power generated from the PV system than the EV consumption power, 

it will be stored in the batteries to use it in peak times or in case there is no sun, and no power 

is generated.  
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 Especially during the winter, because the power generated from PV almost equals 0, the 

batteries will charge from the electric grid at night and discharge during the day or peak 

times. Because as mentioned before in the bill equation, the price of the kW in peak times is 

more than triple the price in other times.  

 In case excessive power is generated from the PV and the batteries are full, this excessive 

power will be sold to the grid. 

 For the charging and discharging of the batteries, assuming that the maximum limit charging 

for the batteries is 80% of their capacity and the minimum limit discharge is 20% of the 

battery capacity. Noting that the cost of charging the batteries during the night will be added 

to the bill. 
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Figure 14: Flow chart of the battery control. The battery is charged at night and from the 

excess power from the PV system. 
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4. Results and Discussion 

By the end of the code, the results were exciting and distinguishable. The plotting of the results 

shows how much results have changed from one month to another or in another, meaning from one 

season to another. We have different types of results, as shown in the following topics: 

4.1 EV Consumption Analysis:  

 One of the aims of the thesis is the analysis of EV consumption and how much power consumption 

of parking is consumed from the grid. Moreover, how many cars are charging from the parking 

stations during the day or even every month? The chart in figure 15 shows how many cars were 

charged in the other months in 2021. It can be observed from the chart that September 2021 was the 

highest month, with many cars charged from the charging station in the parking with 952 cars, while 

January contained the lowest number of cars charged from the charging stations in the parking house, 

with 32 cars only. From January to June, the number of cars increased but a gain in July and August 

decreased, which could be explained because this period is the summer vacation in Sweden.   

 

 Figure 15: Number of charging events for each month during 2021. 

For more technical details, figure 16 shows the power consumption in September 2021. As 

mentioned above, September has the highest number of cars charged from the parking. The data 

were collected every 30 seconds, and the highest value was on 3 September at 76.3kW/30Sec, which 

means many cars were charging from the parking simultaneously. 
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 Figure 16: EV power consumption in September 2021, the unit is “kW with a time resolution of 30 sec. 

4.2 PV System Power Generated Analysis  

The parking house has a PV system installed on the top roof, the system generates electric power 

and supplies it to the charging stations in the parking, the idea is perfect to have a hybrid system for 

the parking, and we can use a renewable energy source to supply electricity instead of using the 

electric grid, it has two prospective which support and increase sustainability, and at the same time, 

we will get the electricity for free while the electricity from the electric grid is expensive, especially 

during the day hours. According to the plots of PV power during the whole year of 2021, the summer 

months of June, July, and August have the highest power generated, while the winter months of 

November, December, and January have the lowest power Generated. In the following figures, figure 

17 and figure 18, the plots show the power generated from the PV system every 15 minutes for July 

and January months, respectively. We can observe how much the power generated decreased to zero 

in January while in July has power generated all the days for long hours because the sun was shining 

most of the day. 
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 Figure 17: PV power generated in July 2021, The unit is “kW with a time resolution of 15 min”. 

 
 Figure 18: PV power generated in January 2021, the unit is “kW with a time resolution of 15 min”. 

4.3 Adding Energy Storage to the system 

Finding the optimum solution for the parking to pay less money can be done by consuming as low 

as possible electricity from the electric grid. Energy storage was a good solution for the system if we 

could define the best capacity of the battery for the parking. The system already has a battery with a 

capacity of 137 kWh. Figures 19A and 19B show the month of August without and with batteries, 

respectively. The plot in figure 19A presents the subtraction of generated PV power and EV 

consumption, while figure 19B adds the battery status to the system in the positive part of the plot. 

The collected data for the PV power generated was every 15Min during the day while the EV was 

every 30Sec. Therefore, the average value for the EV collected data every 15 minutes was calculated 

to be suitable for the analysis with the collected PV power. The positive part of the figures shows 
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the PV generation with or without the battery, while the negative part shows EV consumption. In 

figure 19A, there is EV demand that has to be supplied, and at this time, there is excess PV generation 

that can supply the EV demand. So, it's required to install batteries that will charge from the PV and 

discharge into the EV. Figure 19B shows the system behavior after installing the battery system. It 

can be observed that the battery could supply the EV demand while charging from the excess PV-

generated power or charging from the electric grid during the night. The leftover generated power 

will be sold to the electric grid later. Moreover, charging the battery during the night is done at a low 

cost as compared to during the daytime, which will be the peak of demand. This battery installation 

and charging schematic will reduce the total bill, which is discussed more in the section concerned 

with electricity price calculation. 

 

Figure 19A: Power flow from the parking house, where the positive values are the power demand of the EV chargers 

and the negative values are the excess power generated by the PV system sent to the grid without using the battery in 

August 2021. 
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Figure 19B: Power flow from the parking house, where the positive values are the power demand of the EV chargers 

and the negative values are the excess power generated by the PV system sent to the grid with using battery in August 

2021. 

4.3.1 Impact of using the Battery 

By using the battery, the consumption of power from the electric grid has been reduced. Figure 20 

shows how much power was reduced by using the battery for August 2021. The battery stores the 

excess power generated from the PV system to be used later at the time when the EVs power 

consumption is more than the PV power generated or in case there is no power generated 

 

 Figure 20: Amount of Power consumption reduced after using the battery in August 2021, the unit is “kW 

with a time resolution of 15 min”. 
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4.4 Electricity Price 

Calculating the price of electricity was one of this thesis's aims. Many factors make the price change 

during different months of the year. The main factor is the PV power generated, which supplies the 

power to the parking house instead of consuming the electric power from the grid. The PV power 

generated could be enough to cover the power consumption in some days and not enough on others, 

but at least it reduces the power consumption from the grid. For the PV power generated, the parking 

has only generated power from the PV system only in the spring and summer months because the 

sun is mostly shining in these months. This means that the PV system benefits only during spring 

and summer. Otherwise, the parking house consumes all consumption from the electric grid. So, for 

this reason, energy storage is used, and as we said in the previous part, energy storage plays a good 

role in the parking house. Firstly the battery will store the excess power generated from the PV 

system during the summer and the spring months and use it later when there is no generated power. 

If we have excess power from the PV system and the battery is full, the excess power will be sold to 

the electric grid. Secondly, during the months in which we have no PV generated, the price of 

electricity is quite high, especially during the day hours, the kWh costs 0.48 SEK [13], while during 

the night is cheaper, and it costs 0.144 SEK [13].  

The battery will charge cheaply during the night and discharge during the day when the electricity 

price is high because of the peak hours. To understand how much money we can save by using the 

battery. Figure 21 shows the output from our MATLAB code which explains the electricity price 

without an installed battery and with an installed battery for January 2021. We can easily observe 

that the price after using the battery decreased from 1367.3 SEK to 814.68 SEK after using the 

battery. In the code, we used the battery capacity, which already exists in the parking house, which 

was 137 kWh. 

 

 Figure 21: Price of Electricity before and after the battery in January 2021 in SEK. 

4.4.1 Electricity Price at different capacities  

The battery's capacity is a necessary factor for how much power the system will store from the PV 

system or even the power it will recharge from the grid during the night at a low price and discharge 

during the day. For example, figure 22 shows the electricity prices using different battery capacities 

in May 2021. When the capacity was 68 kWh, the price of the electricity was 3172.2 SEK, and the 

price decreased to 2107.5 SEK when the battery capacity increased to 85 kWh. The price started to 

be fixed when the capacity increased to 137kWh, which means the relationship between the capacity 

and the price of electricity is nonlinear. 
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 Figure 22: Electricity prices at different capacities for May 2021. 

4.4.2 Electricity Price for different months  

If the same concept is applied for the whole year, by calculating the electricity price before and after 

installing the battery with different capacities. Then the effect of the battery can be observed, and 

how much money the parking house will save. Figure 23 shows the difference in the electricity prices 

with using the battery and without the battery during the whole year of 2021. Before using the 

batteries, during November and December, the electricity bill was the highest, and the PV power 

generated in those months was Zero because there was no sun shining. The second case, which after 

adding the batteries to the system, the result of comparison between two different months, for 

example,  July and December, shows before the installed battery, the price of electricity in December 

was 14241 SEK, while for the month of July, is 7176 SEK even though the number of cars charged 

from the charging stations in July was more than the cars charged from the charging stations in 

November, The economic impact of the PV generated power on the price of the electricity in 

November can be observed while the price of electricity is pretty high because there is no PV power 

generated. By comparing after using the battery, the electricity prices for all months has a high 

decreased. The results also show that despite no PV power generated in November and December, 

the battery saved much money for the electricity price. The battery charges during the night with a 

low price of electricity which for one kWh it costs 0.144 SEK, and discharged during the day or the 

peak time which price of electricity for one kWh costs 0.48 SEK. Using the battery is good for the 

parking house and the grid when it reduces the loads during peak times, increasing the electric grid's 

stability.  
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 Figure 23: Price of Electricity with and without the Battery for all months of 2021. 

5. Conclusion 

In this project, the effect of battery storage system on the system and the electricity bill has been 

investigated. The cost of electricity consumption has dramatically decreased in installing a battery 

compared to no battery installation. 

 

5.1 Charging patterns and data collected 

The results of the charging patterns shows that the charging events during the day is more than the 

night, especially during the working hours during the day. Which could be good research point for 

the V2G technology in the future and how to utilize the EV in the parking house to support the grid. 

On the other hand, PV power generated has been increased and reach the peak output during the 

summer months while was almost zero during the winter months. 

 

5.2 Battery control 

Control the battery charging and discharging times on of the factor that has a big economic effect on 

the system, the battery storage unit is not charged at night during summer. On the contrary, the 

battery charges entirely from the utility grid at night time during January and still reduces the 

electricity bill. This is due to the difference in kWh fees between day (0.48 SEK/kWh) and night 

(0.144 SEK/kWh). While in May and September, the storage system charges from excess generated 

power and during the night time if needed. During sunny months, there is available surplus power 

after charging the battery to 80% of its capacity, which is sold to the grid leading to a total reduction 

in the bill. 
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5.3 Future work 

1. Optimization technique is going to be studied to determine the optimum battery size. As, the 

cost is assigned to each battery size. 

2. Another renewable energy source will be considered instead of PV system in non-sunny 

months (such as wind power). 

3. V2G technology will be simulated and analyzed to clarify its impact on the utility grid and 

electricity bill. 
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Appendix 

A. MATLAB code 

%% Importing PV data for a certain month 
path = 'G:\Uppsala\Semester 2\Period 4\My Master Thesis\Thesis\3_Work\Code'; 
%% Selecting the required month to evaluate it 
DaysinMonth=[31 28 31 30 31 30 31 31 30 31 30 31]; 
col=DaysinMonth(Month); 
for i=1:col                                    % This for loop takes data from                                              
Excel sheet to local variale named DATA 
    Name=datadaysnames(Month,i);               % DATA variable size as follows: 
#Columns = #days in month +1, #rows = #hours steps 
    file = append(path,Name); 
    data=readtable(file,'ReadVariableNames',false); 
    DATA(:,1)=data(:,1);                       % first column in DATA variable is for 
hour steps, the other columns are for the PV readings 
    DATA(:,i+1)=data(:,2); 
end 
 
H=0; M=0.15; Hour(DaysinMonth(Month)*24*4,1)=0; 
for i=1:DaysinMonth(Month)*24*4               % This for loop is for storing the hours 
every 15 minutes to be readable for MATLAB 
   Hour(i,1)=H+M; 
   M=M+0.15; 
   if (M==0.6) 
       M=0; 
       H=H+1; 
   end 
end 
POWER = table2array(DATA(:,2:(DaysinMonth(Month)+1))); 
j=1; k=1; PowerSeries(DaysinMonth(Month)*24*4,1)=0; 
for i=1:DaysinMonth(Month)*24*4              % This loop stores the PV data in one 
cloumn in PowerSeries variable 
    if (i==96*j) 
        j=j+1; 
        k=1; 
    else 
        PowerSeries(i,1)=POWER(k,j); 
        k=k+1; 
    end 
end 
%% Subtracting PV generation and EV (PV-EV) 
POWER_sub= PowerSeries - Month_EV_kW_Average; 
for i=1:length(POWER_sub) 
    if (POWER_sub(i)<6 && POWER_sub(i)>-6) 
        POWER_sub(i)=0; 
    end 
end 
POWER_sub_without_Battery=POWER_sub; 
POWER_sub_with_Battery=POWER_sub; 
%% In case of Battery Installation 
Battery_Capacity=68;                                         %Battery capacity in KwH 
Battery(1:DaysinMonth(Month)*24*4,1)=Battery_Capacity*0.8;    %Battery is initially 
charged with 80 % of its capacity 
Battery_Cost(1:DaysinMonth(Month)*24*4,1)=0;                  %Battery_Cost is used to 
store the amounts charged into the battery during the night and used later to 
calculate the night consumption  
count=0; day_numb=1; f=0; 
for i=1:DaysinMonth(Month)*24*4 
    count=count+1; 
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    if (count==96) 
        day_numb=day_numb+1;    % This part is used to check the start of new day 
        f=(day_numb-1)*96;      % f variable is used later to check on the night 
period or day period every day 
        count=0; 
    end 
    if (i>24+f && i<=87+f)     %During day 
        if (POWER_sub_with_Battery(i)>0 && Battery(i)<0.8*Battery_Capacity) 
            Battery(i,1)=Battery(i-1,1)+POWER_sub_with_Battery(i,1)*0.25; 
            POWER_sub_with_Battery(i,1)=0; 
        elseif (POWER_sub_with_Battery(i)<0 && 
Battery(i)+POWER_sub_with_Battery(i)>0.2*Battery_Capacity) 
            Battery(i,1)=Battery(i,1)+(POWER_sub_with_Battery(i,1)*0.25);  
            POWER_sub_with_Battery(i,1)=0;    
        else 
            Battery(i)=Battery(i-1); 
        end 
    else                       %During night 
        if (Battery(i)<0.8*Battery_Capacity) 
            Battery(i,1)=Battery(i-1,1)+7.5; 
            Battery_Cost(i,1)=7.5; 
       
        end 
    end 
end 
%% Calculating the price of electricity without installed Battery 
Power_min=min(POWER_sub_without_Battery);          %Maximum amount of consumed power 
Bill_without_Battery=375-(37*Power_min); 
count=0; day_numb=1; f=0; 
for i=1:DaysinMonth(Month)*24*4 
    count=count+1; 
    if (count==96) 
        day_numb=day_numb+1; 
        f=(day_numb-1)*96; 
        count=0; 
    end 
    if (POWER_sub_without_Battery(i,1)>0)                       % selling excessive 
power to the grid 
        Bill_without_Battery=Bill_without_Battery-
(0.1*POWER_sub_without_Battery(i,1)); 
    else 
        if (i>=24+f && i<87+f)                      % charging EV during day form 
installed PV only 
            Bill_without_Battery=Bill_without_Battery-
(POWER_sub_without_Battery(i,1)*0.48); 
        elseif (i<=24+f && i>87+f) 
            Bill_without_Battery=Bill_without_Battery-
(POWER_sub_without_Battery(i,1)*0.144);   % charing EV during night 
        end 
    end 
end 
%% Calculating the price of electricity with installed Battery 
Power_min=min(POWER_sub_with_Battery);          %Maximum amount of consumed power 
Bill_with_Battery=375-(37*Power_min); 
count=0; day_numb=1; f=0; 
for i=1:DaysinMonth(Month)*24*4 
    count=count+1; 
    if (count==96) 
        day_numb=day_numb+1; 
        f=(day_numb-1)*96; 
        count=0; 
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    end 
    if (POWER_sub_with_Battery(i,1)>0)                       % selling excessive power 
to the grid 
        Bill_with_Battery=Bill_with_Battery-(0.1*POWER_sub_with_Battery(i,1)); 
    else 
        if (i>=24+f && i<87+f)                      % charging EV during day 
            Bill_with_Battery=Bill_with_Battery-(POWER_sub_with_Battery(i,1)*0.48); 
        elseif (i<=24+f && i>87+f) 
            Bill_with_Battery=Bill_with_Battery-(POWER_sub_with_Battery(i,1)*0.144);   
% charing EV & Battery during night 
            Bill_with_Battery=Bill_with_Battery+(Battery_Cost(i,1)*0.144); 
        end 
    end 
end 
%% Displaying the Price without Battery and with Battery 
disp("+ve sign of the Bill means the system is going to pay money to the electric 
grid") 
disp("-ve sign of the Bill means the system is going to get money from the electric 
grid") 
disp("Price of consumed energy without installed Battery in this month is") 
disp(Bill_without_Battery) 
disp("Price of consumed energy with installed Battery in this month is") 
disp(Bill_with_Battery) 
 
 
 
 
 
 
 
 
 
 
 
 


