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Abstract

Potential for electric vehicle smart charging station
expansion at Fyrisskolan

Alfred Atterby, Jakub Bluj, Elias Sjögren

The purpose of this bachelor thesis is to investigate the potential 
for electric vehicle charging at the high school Fyrisskolan, located 
in central Uppsala. The idea relies on charging electric vehicles 
(EVs) outside of the hours of peak power consumption of the school 
which in this report is assumed to be solved by a suitable smart 
charger. In this project, various stochastic models are built to 
simulate solar energy production and school energy consumption using 
data collected from various sources, including a survey. This 
generated data along with driving distances and EVs energy 
consumptions are used to calculate the available energy for EV 
charging. The available energy is then used to distinguish a minimal, 
mean and maximal amount of cars that could potentially be charged 
outside Fyrisskolan for each chosen month. The data collected is 
taken from December, March and June. Calculations and simulations are 
done in MATLAB. Results show that with available energy outside the 
peak energy consumption hours, there is a possibility to charge 
around 104 EVs in one work day. The main conclusion is that there is 
not only a big potential to expand the charging of EVs outside the 
school by installing smart charging stations in a technical view, but 
also a desire from employees at the school and neighbours living near 
it, to charge their future electric vehicles. 
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List of Terms 

EV 

Electric Vehicle. A vehicle that is entirely powered by 

electricity. In this report, plug-in hybrids are considered 

as electrical vehicles as well. 

PV power 

Photovoltaic power. Electric power that is generated by 

the light from the sun hitting the surface of the solar 

panels. 

The power grid 

An electrical system made of conductors, different power 

sources and loads all connected making one unit system 

that transports electrical power. 

Peak energy consumption 
The highest energy consumption occurring in given time 

interval. 

Peak hours 

Hour or hours of the day when the energy consumption 

peaks. In this project it’s often happening around mid-

day hours. 

Solar irradiance Sunlight that reaches the surface of the Earth.  
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1. Introduction 

1.1 The problem of the future 

During the last years, Uppsala municipality has tightened its climate policies. In 2030, 

the goal is that emissions from energy use, transports and work machinery should be close 

to zero. By 2040 the gathered emissions from the whole municipality shall be close to 

zero, corresponding to a decrease of almost 90% of 1990’s emissions. By 2050 Uppsala 

strives to become climate positive, which means exceeding 100% decrease in gathered 

emissions (Lindström, 2015). New smart technologies must be implemented in order for 

these goals to be reached. One proposal is a wider use of electric vehicles. Today an 

increasing number of car manufacturers are offering EVs in their range of products, 

leading to a growing electric vehicle fleet in society. EVs need to be charged, implying 

an additional load for the electric grid. The current passenger car fleet in Uppsala 

municipality consists of 84 137 vehicles (SCB, 2018a). On average, every vehicle is 

driven 12000 km per year. If every vehicle were supposed to be electric and is consuming 

20 kWh per 100 km on average, the estimated consumption is 0.20 TWh per year, which 

makes up about 6.25% of Uppsala municipalities total yearly consumption 

(Länsstyrelsen, 2015). Research shows that energy usage (unit: kWh) will not be the 

problem but the instantaneous power demand will (unit: kW) (Nordling, 2016, p. 15-17). 

Electrical grids are designed with an upper load limit, expected to be exceeded with an 

increasing number of electric vehicles on the roads. Instead of raising this limit, one idea 

to solve the problem could be to use smart charging.  

The general idea of smart charging is to distribute power that is available at a given 

moment in a flexible and efficient way. Smart charging is not a term that defines one 

solution or one device, but rather a collective term for different charging solutions 

providing optimal charging for all kinds of devices and infrastructures. The term 

”optimal” means that the charging is executed flexibly and efficiently to avoid 

overcapacity and by that for example, lower the electricity costs for the user (EVBox, 

2018). Smart charging is especially relevant for the main partner in this project; 

Fyrisskolan. Fyrisskolan is a large high school situated in central Uppsala and is operating 

one electric vehicle charging station with two outlets. Considering its central location, the 

school parking lot is suitable for building smart charging stations. The school has a high 

electricity consumption during daytime, but the impact a charging car has on the electric 

grid can be reduced with help from their solar panels installed on the roof. The school’s 

peak power consumption of 2017 was 400 kW and the maximal power capacity the grid 

can provide the school is 620 kW (Vattenfall, 2017). Under ideal conditions, a smart 

charging solution would not stress the grid above already existing daily peak 

consumption. With this goal, is it possible to charge more EVs, and if so, how many can 

be charged at the same time? A centrally located car charging park in Uppsala could be 

advantageous and is something to examine. 
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1.2 Purpose 

The purpose of this project is to examine how many EVs that potentially could be charged 

during one work day on the parking lot of Fyrisskolan, not increasing grid load. This will 

be conducted by analysing several different parameters such as solar energy production 

and school energy consumption. The employees potential charging patterns will also be 

taken into account to investigate if there is a desire to construct smart charging stations. 

All these aspects will be considered when examining the possibilities for an expansion of 

smart charging stations at Fyrisskolan. 

1.3 Thesis questions 

To help fulfil the purpose the following questions will be answered in this report: 

▪ What is the electricity consumption of the school as of today? 

▪ What is the solar electricity production from school’s solar panels? 

▪ What are the potential charging patterns of the personnel charging at Fyrisskolan?  

▪ How many cars is it possible to charge at Fyrisskolan considering the peak energy 

consumption of the school? 

1.4 Delimitations and limitations 

▪ The project will not investigate how to reduce or minimize the school’s internal 

electricity consumption such as lightning, heating or cooking. 

▪ Only Fyrisskolan and its electricity consumption and production will be 

investigated in this report. What happens on the electricity grid in a future scenario 

outside of Fyrisskolan is relevant in a larger investigation, but is left for future 

examination.  

▪ A mean value of the electricity consumption per kilometer for the six most popular 

EVs will be used. 

▪ The simulations will show results relevant for the whole year, but is limited to the 

months December, March and June. This in order to make the investigation 

simplified but still showing all variations in solar irradiance, energy consumption 

and so on. 

▪ Only working hours (08-17) at Fyrisskolan will be investigated in terms of power 

consumption and PV generation, because this is when the grid load is stressed at 

its maximum. 

▪ Information about electricity consumption and generation is limited to hourly 

resolution. 

▪ The roof of Fyrisskolan where the solar panels are mounted, is assumed to be flat 

in order to make calculations on solar irradiance simpler. In reality, this is almost 

true. 
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1.5 Disposition 

This report consists of six main sections. The introduction is the first section and its 

purpose is to introduce the main problem of this report. Section 2 presents the 

background, which intends to introduce necessary information related to the concerned 

problem such as electric grid characteristics, solar energy production, and available smart 

charging solutions. In Section 3, data and methodology are presented. Section 4 is 

dedicated to the results of the project as well as a sensitivity analysis. Further, Section 5 

is devoted to the discussion about the results and Section 6 presents conclusions that can 

be drawn from the results.  

2. Background 

2.1 The power grid 

A power grid is a system where electrical power is transferred from producers to 

consumers. It is constructed with an assemblage of several necessary parts such as power 

sources, conductors and transformers which combined make it possible to generate and 

transport electrical power with limited losses. The power is distributed with high voltage 

transmission lines from distant sources to demand centres. These are connected to lower 

voltage distribution lines that connect individual customers to the grid. Nordling writes 

in his report “Sweden’s future electricity grid” (2016, p. 15-17) that an increasing number 

of EVs demanding a widely spread charging infrastructure will implicate higher power 

peaks and consequently exceed the limit of capacity in the grid. This is due to the fact 

that charging of EVs without guidance (i.e. not smart charging) most likely will result in 

the charging coinciding with the power peaks in Sweden´s local distribution grids, which 

are early mornings and late afternoons. Adding to these peaks with EV charging may 

together overload the grid. 

2.2 Involved actors 

2.2.1 Fyrisskolan 

Fyrisskolan is a municipal high school situated in central Uppsala near the river Fyrisån, 

in the neighbourhood of Luthagen. The school is rather large with roughly 560 attending 

students (Gymnasium, 2017). In July 2016, the school installed approximately 1600 

square meters of solar panels with an average yearly electricity production of 

approximately 226 000 kWh (Länsstyrelsen Uppsala län, 2017). The maximal power that 

can be delivered by the solar panels is 250,64 kW. The efficiency of the solar panels is 

approximately 16% (Gaia Solar, 2015). The panels are installed on the roof area as shown 

in Figure 1. The school is also connected to the electrical grid and can consume a 

maximum of 620 kWh from it before the main fuse breaks. 
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Figure 1. The solar panels on the rooftop of Fyrisskolan. Photo: Jakub Bluj 2018. 

There are 145 parking spots outside the school. To park here, it is required to have a 

permit between 7-17 during working days, why the parking is mainly for employees at 

the school. Outside these hours, it is free for everyone to park for a maximum of three 

hours. Two of the 145 parking spots give the possibility to connect a car to a Chargestorm 

electric vehicle charger, model CSR100 with two electricity outlets as shown in Figure 2. 

It is not required to have a permit to park on these spots. The charging station can deliver 

between 1.4 and 22 kW. The charger is designed to divide the power proportionally 

between the outlets if used at the same time (Chargestorm, 2018). At the moment no 

payment to charge a vehicle here is required. 

 

Figure 2. Image of a CSR100 EV charging station at Fyrisskolan, charging two cars. 

Photo: Elias Sjögren 2018. 
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2.2.2 Skolfastigheter Uppsala AB 

Skolfastigheter Uppsala AB is a company owned by the municipality of Uppsala. They 

own and manage the majority of the school and preschool facilities in Uppsala (including 

Fyrisskolan), which makes a total of 134 buildings (Skolfastigheter, 2018). The company 

plays a crucial role in this project due to their access of information and data about the 

internal energy consumption of Fyrisskolan among others. They also made it possible to 

arrange a study visit at Fyrisskolan, where great amount of useful information was 

obtained.   

2.2.3 Solelia Greentech AB  

Solelia Greentech AB is a company founded in 2011 and has its headquarters in 

Stockholm. They are involved in this project and Fyrisskolan because they are managing 

guarantees of origin on the electricity for Skolfastigheter Uppsala AB. However, the main 

business of Solelia is to develop and provide solutions for charging electric vehicles with 

help of solar panels. The company is able to provide charging for electric vehicles that 

consists entirely of solar power which makes it environmentally friendly. (Solelia 

Greentech AB, 2018a). They offer charging stations that can produce up to 2 kW of 

electric power. According to Solelia Greentech, each station produces approximately 

2000 kWh per year. That amount of power should then be enough for an electric car to 

drive between 14000 and 20000 km if the average power consumption of an electric 

vehicle is considered. (Solelia Greentech AB, 2018b).   
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2.3 The neighbourhood of Luthagen 

 

Figure 4. Calculations done on an area placed in approximately 300-400 meter radius 

from Fyrisskolan shows that about 4800 people are living here. Picture source: Eniro, 

2018. 

Fyrisskolan is located on the edge of Luthagen, near the centre of Uppsala, by the Fyris 

river. The central parts of Luthagen where Fyrisskolan is located is dense built, with multi 

stories family buildings, often at a premium price tag. These prerequisites make it 

conceivable for inhabitants to buy electric cars, often priced in upper segments, and 

suitable for driving in dense built city areas. In the closest neighbourhoods of Fyrisskolan, 

approximately in a radius of 300-400 meters as seen in Figure 4, about 4800 people reside 

(Eniro, 2018). Through investigations, we know that people living in this radius are 

charging their cars on Fyrisskolan today. Due to the central location of Luthagen, finding 

parking spots in this area is rather difficult. Statistics show that the number of EVs in 

Uppsala municipality grew by 120 EVs from January 2018 to March 2018 (SCB, 2018b). 

Considering the fast growth, one can assume that more EV charging stations in Luthagen 

is something that would be appreciated and needed in the future. This can be seen as 

motivation to expand the amount of EV charging stations in this area.   
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2.4 Smart Charging 

Smart charging is a collective name for solutions that provide an optimal and effective 

way of charging electric vehicles. Solutions are being developed to make mass charging 

of electric vehicles in the future work, without having to make radical changes on grid 

infrastructure (EVBox, 2018). The idea of smart charging gives manufacturers lots of 

opportunities regarding how smart charging of a vehicle can be executed. Due to this 

freedom of approaching the problem, there are many different suggestions for solutions 

on the market that could be useful at Fyrisskolan. Several of the solutions are briefly 

described below and show very clearly how differently the problem could be solved. 

One solution, called EVBox, provides three different features that provide efficient 

charging of a vehicle. First feature called load balancing allows the user to charge 

different electric vehicles evenly when connected to one charging station. Every power 

source has a maximal available capacity that is divided for every socket and charging 

station that is connected to the power source. Load balancing feature ensures that the 

output of every connected power station provides the same current that is a fraction of the 

total capacity of the power source. Another feature called Hub/Satellite is designed to 

collect information and data from all connected charging stations and store it in a cloud-

based system called BackOffice. One station (Hub) collects information from the rest of 

the stations (Satellites). The data is then processed by the system to give the user specific 

information about the charging sessions. One last feature of this particular solution is 

called “Peak Shaving” (see chapter 2.5) and is designed to prevent the charging to exceed 

the maximum capacity of the power source. As soon as the system notices that the 

charging is exceeding the maximum capacity available, it will automatically decrease the 

charging power. The system can even pause the charging (EVBox, 2018). 

A second smart charging solution available on the market is Electric Vehicle Intelligent 

InfraStructure (ELVIIS). The main idea of this smart charging solution is to optimize the 

charging of an electric vehicle so that it charges when the electricity price is as low as 

possible. This system is using the mobile network to communicate and manage the 

charging. It is up to the driver to decide when the charging should be executed. 

Information from the charging outlet is then sent via the mobile network. The information 

arrives to a system that decides when the optimal time to charge the vehicle is. This 

decision is made based on two parameters, the lowest electricity cost and the current 

electricity demand on the grid. These two parameters are very often dependent on each 

other. Therefore, the system makes sure that the car is charging when the prices are the 

lowest. Also, the drivers bill will be charged independently of which power outlet is used. 

The system uses the GPS system to locate power outlets (RISE Viktoria, n.d.).  

Another interesting smart charging solution is sonnenCharger. This system uses solar 

power and battery packs to charge the electric vehicle, making it clean and 

environmentally friendly. This also helps to maximize the self-produced solar energy 

usage. The solution features a mobile app to which the sonnenCharger is connected via 

internet. This app enables the user to link the charger with the solar panel system. The 
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sonnenCharger is also connected to sonnenCommunity, a feature that connects other users 

and households with the battery packs. This enables the users to ”borrow” energy from 

each other if some of them lack the sufficient solar power. For example, if one user does 

not produce enough solar power to charge the vehicle, this driver can use the excess power 

from another user through sonnenCommunity and still be able to charge the vehicle 

(Lambert, 2018). 

2.5 Peak shaving 

The main idea behind peak shaving is to reduce the power consumption from the grid 

during peak hours when the demand is usually the highest which also sometimes comes 

with higher electricity costs for the user. Peak shaving is a concept that comes with several 

different solutions. One solution focuses on switching off less essential equipment when 

approaching the peak power consumption hours. Another option is to invest in batteries 

and solar panels that can provide power which can replace some of the power otherwise 

demanded from the grid. This option may be particularly effective because using self-

produced solar energy is basically free and the main production of solar power tends to 

occur during the usual peak power consumption hours (Luthander, 2015, p. 24-25). This 

can be beneficial both economically and in terms of the electrical system. Peak shaving 

can also be done by spreading the power consumption in time as shown in Figure 3, and 

is most relevant for this report. This implies that one uses some of the electrical equipment 

outside the peak hours. This lowers the peak consumption, but the total energy use stays 

the same. The grid load becomes smaller, but at the same time, the total energy distributed 

to the user in a given time interval is the same, which is desirable. To make this possible, 

one can for example use different smart charging solutions already mentioned in previous 

section.  

 

Figure 3. An illustration of peak shaving done by spreading the power consumption 

outside the peak hours. 
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3. Methodology and Data 

In this report several models are built and used to simulate data which is necessary to 

make calculations in order to fulfil the purpose. With different input parameters, 

stochastic variables are constructed with concern from given technical data and data from 

a survey, sent to employees at the school. The survey was sent to 77 persons, and 20 

answered. The answers were used both for analysing the desire for an expansion of 

charging capacities, and also gave technical input data (mainly driving distances). All the 

individual models are briefly described in Section 3.1.  

It is important to point out that in this report it is assumed that there already exists a smart 

charging system that manages the charging of EVs with following input parameters: 

▪ The School’s internal power demand at the moment 

▪ Electricity generation from the PV panels 

▪ Weather forecast the upcoming day 

▪ Power and/or energy demand from the vehicles charging 

▪ A time setting, i.e. the driver tells the system when he or she will leave the school 

and wants the car to be fully charged 

This means that workings and construction of such a smart charging system will not be 

examined in this report. All the input that the smart charging station is receiving is 

presented as a schematic Figure 5. 

 
Figure 5. A schematic illustration of the smart charging system at Fyrisskolan. 
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3.1 The models and calculations 

Several models were made to make the results as realistic as possible. The models are 

using real data collected mainly through the survey and Skolfastigheter Uppsala AB to 

generate scenarios that are consistent with reality. Each particular model is briefly 

described, and necessary equations are presented to build an understanding of the method 

used to establish the purpose. All models are concluded in a flow chart at the end of this 

section (figure 8). 

3.1.1 Solar panels at Fyrisskolan 

A model is built to simulate the solar energy production on a typical day at Fyrisskolan. 

Fyrisskolan has one of Uppsala’s largest solar panel facilities (Heimer, 2016). The whole 

facility is 1600 square meters and has a maximum output of 250 kW during optimal 

conditions (Gaia solar, 2015). The energy production from the panels is calculated 

through solar irradiance data collected from SMHI and the total area of the solar panels 

at Fyrisskolan. The solar irradiance data was measured in Stockholm, which is assumed 

to be under approximately similar weather and solar irradiance conditions as Uppsala, 

during the period of 2008-2018. For each simulated month (December, March and June), 

due to the ten-year period, there are 300 solar irradiance data days to choose from in the 

simulation for each month. The model picks a random day from the sample of 300 days 

for each chosen month and calculates the solar energy production for each hour during 

the chosen day. See Figure 8 for a flow chart representation of the model (yellow) and 

Section 4 for a graph representation of solar energy production during 30 days in March. 

3.1.2 Electricity consumption at Fyrisskolan 

Fyrisskolan is a large consumer of electricity. With a large kitchen cooking up to 6000 

meals to be distributed to several schools in Uppsala every day, the electricity 

consumption is the highest when approaching lunch time around 12:00 in the middle of 

the day, since the kitchen equipment is consuming a great amount of power (Micael 

Östlund, 2018). This model is using energy consumption data from a typical week to 

calculate a mean consumption and standard deviation to calculate a normal distributed 

random consumption for a 24-hour period of day and night. See Section 4.2 for a graphical 

representation of the consumption. Also see Figure 8 for a flow chart representation of 

the model (pink). 

3.1.3 Grid load 

The grid load is the load the school is imposing on the electric grid. In this report, the grid 

load is calculated with two parameters, the instantaneous solar energy production 

𝐸𝑠𝑜𝑙𝑎𝑟(𝑡) and the instantaneous electricity consumption at Fyrisskolan 𝐸𝑠𝑐ℎ𝑜𝑜𝑙(𝑡). It is 

assumed that all the produced solar energy is fed into the school which in turn lowers the 

load on the grid. The new load becomes what in this report is called the total grid load 

𝐿𝑜𝑎𝑑𝑔𝑟𝑖𝑑(𝑡). In this report, only working hours (8-17) are considered, why the grid load 
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is also considered in these hours, making 𝐿𝑜𝑎𝑑𝑔𝑟𝑖𝑑(𝑡) a nine-value vector. This is 

motivated with the high stress on the grid during active hours on the school. In night time, 

the grid load is low why it is assumed that cars can charge unobstructed. See section 4.3 

for a graphical representation of the grid load. Total grid load is calculated as 

𝐿𝑜𝑎𝑑𝑔𝑟𝑖𝑑(𝑡) = 𝐸𝑠𝑐ℎ𝑜𝑜𝑙(𝑡) − 𝐸𝑠𝑜𝑙𝑎𝑟(𝑡).  (1) 

3.1.4 Available energy 

Available energy in this report is the energy that is available for the cars to be charged 

with outside the peak energy consumption that the school has each day. To calculate this, 

a peak grid load 𝐿𝑜𝑎𝑑𝑝𝑒𝑎𝑘, is the maximum of 𝐿𝑜𝑎𝑑𝑔𝑟𝑖𝑑(𝑡). Further, available energy is 

calculated as 

𝐸𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 =  ∫ 𝐿𝑜𝑎𝑑𝑝𝑒𝑎𝑘𝑑𝑡
17

8
− ∫ 𝐿𝑜𝑎𝑑𝑔𝑟𝑖𝑑(𝑡)𝑑𝑡.

17

8
                           (2) 

This method ensures that the peak load the school is causing on the grid is not exceeded 

by the EVs that are charging outside the school. Calculations done in Equation 2 are 

represented in Figure 6. See Figure 8 for a flow chart representation of 3.1.3 and 3.1.4 

(blue). 

 

Figure 6. Illustration of the principle behind the Equation 2. The green area represents 

the energy that is available for the EVs without exceeding the peak load 

In the calculations, the energy above grid load and under the peak value of the day, is the 

available energy for charging electric vehicles. This assumes a 100% working smart 

charger that through solar irradiance forecasts and school consumption prognosis would 

be able to calculate when to charge the EVs and at what power. Making the cars charge 

only with this available energy, the school’s peak load doesn’t increase, and the electric 

grid will not be unnecessarily stressed as seen in Figure 6. 
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3.1.5 The amount of charging cars 

As mentioned earlier, a survey was sent to the employees at Fyrisskolan with several 

questions. After analysing this survey, a mean value of traveling distances that the 

employees must drive every day was possible to calculate. This mean driving distance is 

then used as an input parameter to a random driving distance generator. This generator 

renders an exponentially distributed driving distance Distrandom. Exponential distribution 

is assumed for the driving distances due to the amount of energy that the EVs are charged 

with according to the data in Figure 7, presumably exponentially distributed. A small 

amount of energy needed equals a short distance driven. The data is collected from the 

Chargestorm charging station at Fyrisskolan between 2017-06-28 and 2018-03-18 

 

Figure 7. Histogram plot of energy taken at the charging station outside of Fyrisskolan. 

Source: Data from Chargestorm CSR100 at Fyrisskolan. 

This distance Distrandom is used to calculate the energy demand Edemand by the car during 

the travel. To calculate the Edemand for this randomly generated driving distance, an 

average energy consumption per kilometer Cavg is considered for the six most popular 

electric vehicles on the market which are presented in Table 1. The model picks one of 

the energy consumptions randomly when calculating Edemand, resulting in 

𝐸𝑑𝑒𝑚𝑎𝑛𝑑 = 𝐷𝑖𝑠𝑡𝑟𝑎𝑛𝑑𝑜𝑚 ∗ 𝐶𝑎𝑣𝑔.   (3) 
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Table 1.The six most popular electric vehicles and their average energy consumption. 

Source: Söderholm, 2018. 

Car Consumption per 100 km (kWh) 

Volkswagen e-Golf 16 

BMW i3 14,8 

Renault Zoe 16,7 

Nissan Leaf 16,6 

Tesla Model S 85 20,8 

Hyundai Ioniq Electric 13,5 

 

Fyrisskolan has a parking lot capacity of 145 cars. To get a statistic sample, Edemand is 

therefore generated for 145 cars and summed up to a total demand 𝐸𝑑𝑒𝑚𝑎𝑛𝑑 𝑡𝑜𝑡. Then, a 

mean value for the demand is calculated. It is assumed that all the cars parked are EVs. 

See Figure 8 for a flow chart representation of EV charge demand generator (green). 

Considering the available energy 𝐸𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 and mean consumption for one car, the 

amount of EVs that could potentially be charged a typical day 𝑁𝑐ℎ𝑎𝑟𝑔𝑒 𝑐𝑎𝑟𝑠 is calculated 

using  

𝑁𝑐ℎ𝑎𝑟𝑔𝑒 𝑐𝑎𝑟𝑠 = ⌊
𝐸𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒

(
𝐸𝑑𝑒𝑚𝑎𝑛𝑑 𝑡𝑜𝑡

145
)
⌋ .  (4) 

See Figure 8 for a flow chart representation of the calculation process for 𝑁𝑐ℎ𝑎𝑟𝑔𝑒 𝑐𝑎𝑟𝑠. 
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Figure 8. A detailed scheme of a one-day simulation. The simulation is the same in the 

different months, only changing input values of solar irradiance and school 

consumption. 
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4. Results 

In this report, several results have been achieved. The results presented in Section 4.1- 

4.4 are used to obtain the results in Section 4.5. Section 4.6 is a sensitivity analysis 

performed to test the robustness of the entire model.  

4.1 Solar panels at Fyrisskolan  

As can be seen in Table 2, the solar energy production differs significantly between the 

different months in the different seasons of the year. Due to varying lengths of the days 

and the irradiance angle, the solar energy received in December is much smaller 

compared to March or June (table 2). It is also important to point out that the solar energy 

production can vary a lot between the days during one single month. This is due to the 

strongly varying weather conditions between the different days. Figure 9 presents an 

example of the solar energy production for each of the 30 days in March. As can be seen, 

the resulting solar energy production varies greatly. 

Table 2. Sum of daily PV power generation in a 10-year period. Unit: kWh. 

Month December March June 

Minimum value 5.5 71.5 242 

Mean value 52 574 1435 

Maximum value 134 1178 2144 

 

Figure 9. Example of electricity generation from solar panels in March  

(10 years of data). 
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4.2 Electricity consumption at Fyrisskolan 

The school’s electricity consumption follows a very regular pattern throughout the work 

week (figure 10). The consumption raises around 5:00, peaks at about 12:00 when it is 

time for lunch and decreases heavily to 18:00 when the school is closed for the day. It can 

also be said that the school’s consumption is the highest in December and the lowest in 

June. Figure 10 and 11 shows that the school consumes a base load between 50-100 kW, 

and peaks between 200-400 kW during lunchtime, depending on season. The data is taken 

from 7-11 December 2015, 7-11 March 2016 and 13-17 June 2016.  

 

Figure 10. Graph showing electricity consumption of the school on a normal work 

week, in three different months, representing different seasons. 

 

Figure 11. Graph showing electricity consumption of the school on an average work 

day, in three different months, representing different seasons. 
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Table 3 presents the sum of school’s electricity consumption during a typical day as in 

Figure 11 above (24 hours) in each of the three months. The numbers show that the 

consumption is the highest in December and declines through March to June when it is 

the lowest.  

Table 3. Sum of daily mean electricity consumption on an average work day. Unit: kWh. 

Month December March June 

Mean total daily 

electricity 

consumption 

4536 4213 3216 

4.3 Grid load 

As described in section 3.1.3, grid load is the net load the school demands from the grid. 

This means that the energy produced by the solar panels (the red line in Figure 12), is 

used by the school and decreases its energy consumption from the grid (the blue line). 

The yellow line which represents the total grid load and is a result from Equation 1 reaches 

significantly smaller values than the blue line. 

 

Figure 12. Example from one day simulation in March. The school’s energy 

consumption (blue) is lowered by solar energy production (red), resulting in a net grid 

load profile (yellow). 
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4.4 The survey 

When examining the need for an electric vehicle smart charging station expansion at 

Fyrisskolan, a survey was used. Table 4 presents the answers to the most relevant 

questions from the survey. Out of the 77 persons who received the survey, 20 answered. 

The answers have been compiled into percentage values which are shown below. The 

survey questions are attached in Appendix 1.  

Table 4. Summary of the survey. 

Question Answer Comment 

How do you travel to work 

today? 
20% travel by car  

Would you consider buying 

an electric car and use in 

daily commuting in the 

future? 

35% yes,  

30% maybe 

A majority could see 

themselves commuting in 

EVs in the future 

What is your travel distance 

to work? 

55% shorter than 10 km, 

35% 10-30 km, 

10% 80 km + 

Distances only from those 

that would consider 

commuting with EV 

Work arrival time? 

15% between 7:30 and 8:00 

75% between 8:00 and 8:30 

10% Other 

Almost everyone arrives 

around 8:00 

How long is your work day? 

15% shorter than 7 hours 

40% 7 hours 

30% 8 hours 

15% 9 hours 

Adding lunch time, a 

majority is here 08-17, why 

these hours are used in 

simulations. 

 

4.5 Amount of cars that can be charged  

The simulations and calculations executed throughout the project resulted in the 

following outcome. The histograms in Figures 13-15 show the variation of the number of 

cars that can be charged during one work day when 1000 days were simulated. The result 

presented in Table 5 shows the minimum, mean and maximum number of cars that 

potentially could be charged at the same time during one day in June, December and 

March. Minimum and maximum values are here presented as the 10th and 90th percentile, 

to avoid the extreme cases, which are left for sensitivity analysis. 
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Figure 13. Histogram showing the number of cars that can be charged during days in 

December, 1000 days total. 

 
Figure 14. Histogram showing the number of cars that can be charged during days in 

March, 1000 days total. 
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Figure 15. Histogram showing the number of cars that can be charged during days in 

June, 1000 days total. 

Table 5. Results from the simulations 

Month December March June 

Minimum number 

of cars (10th 

percentile) 

50 48 58 

Mean number of 

cars 
104 122 136 

Maximum number 

of cars (90th 

percentile) 

164 199 228 

 

When looking at the results in Table 5 and Figure 13-15, it’s easy to see that the values 

for the number of cars during the three different months differ. The mean value of cars, 

which could be considered the most important is rising from December through March to 

June. This can be explained mainly by two factors. The first one has to do with the solar 

energy production which is low in December, higher in March and the highest in June as 

we have seen in the result Section 4.1. This means that the grid load the school is causing 

during June is smaller than it is in December and March. This is because the solar panels 

are providing more energy in the summer, so the school does not have to consume as 

much power from the grid as during the winter season (See Section 4.3). This in turn 

means that there is more available power to charge the EVs with in the summer than in 

the winter without exceeding the peak value, which raises the number of cars that can be 
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charged at the same time in the summer. The second factor has to do with school’s overall 

energy consumption. According to the simulations, as seen in the result Section 4.2, on 

average, the energy consumption tends to be higher during December. It declines through 

March to June when it is the lowest as seen in Figure 10. This is because the energy 

demand of the school is higher during winter season when the lights are on a longer period 

of time, all the electrical equipment that have to do with heating is on more frequently 

etc. The consumption lowers when the days are getting longer, and it is getting warmer 

outside. In addition, in June, the school is mainly closed so the energy consumption is 

low, and the school causes a smaller load on the grid. This means that more power is 

available to charge EVs instead of powering the lights, kitchen etc. in the school. 

The results in this section shows that with an efficient smart charger, able to predict solar 

irradiance and total consumption of electricity of each given hour of the day, would enable 

Fyrisskolan to open a big charging centre with at least 104 stations in the heart of Uppsala. 

This without increasing their usual peak load on the grid substantially. This is solely a 

mathematical simulation. In reality the arrival of cars might be more random, and their 

charging demand might be more irregular.  

4.6 Sensitivity Analysis 

Results gives recommendations of how many cars that can be charged with available 

power outside of peak hours at Fyrisskolan (figure 16, green area). There will however 

be days when charge demand from cars will not be covered entirely by energy outside of 

peak hours. Therefore, the system will have to raise the total peak consumption of the 

school to cover demand (yellow area). Taking the minimum values from table 5; 48, 104 

and 164 charging cars could be tested in sensitivity analysis. There are currently only 145 

parking spots at Fyrisskolan, why this is a more reasonable value to use instead of 164. 

Simulations were done with 100 000 runs to conclude the absolute maximum value that 

the electric grid would be stressed with. The results are presented in table 6 and 7. 

 

Figure 16. Illustration of possible scenarios when smart charging won’t be able to 

charge only below peak value (green) and must higher the peak in order to satisfy 

charge demand from cars. 
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Table 6. Results of 100 000 simulations, showing grid load peaks 

Month 
Peak consumption, 

48 cars (kW) 

Peak consumption, 

104 cars (kW) 

Peak consumption, 

145 cars (kW) 

December 456,4 459,5 464,8 

March 394,1 395,7 402,8 

June 289,2 290,3 307,8 

 

As can be seen in Table 7, the peak consumption is well below the limit of 620 kW.  

Table 7. Results of 100 000 runs, showing share of days that ordinary peak 

consumption is exceeded 

Month 

Number of days 

peak is exceeded 

48 cars 

Number of days 

peak is exceeded 

104 cars 

Number of days 

peak is exceeded 

145 cars 

December 24,4% 61,3% 87,3% 

March 25,9% 73,8% 91,1% 

June 7,8% 36,0% 58,8% 

5. Discussion 

As seen in the result section, the energy consumption of the school during a typical week 

follows a regular pattern. The consumption during a week peaks between 370-410 kWh 

every day around 12:00. This seems reasonable because the kitchen consumes most of 

the power during lunch time. Further, when looking at the results of the solar energy 

production (Section 4.1, in Figure 9) the electricity production overlaps with the 

consumption of the school. In general, it can be assumed that the interval where the 

electricity consumption is the highest looks about the same for June and December, only 

with different peak values. This is very useful when applying peak shaving with solar 

power, as it is done in this case because the peak load as seen from the grid can be 

decreased just in the right hour during the day. To further amplify this peak shaving effect, 

Skolfastigheter Uppsala AB could consider expanding the solar panel park on the roof of 

Fyrisskolan. Depending on how extensive this expansion would be, there could 

potentially be a significant increase in the amount of generated power which would have 

a positive effect on the grid load but also have various positive effects when it comes to 

EV charging. A smart charger such as EVBox could be used and its Peak Shaving feature. 
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When approaching peak hours, it could limit the charging power delivered to the EVs 

which would prevent to exceed the peak energy consumption of the school.  

When looking at the potential charging patterns of the staff at Fyrisskolan, it can be 

concluded that the vast majority of the potential future EV owners arrive at the school 

8:00 and leave between 15:00-16:00 (Table 4). It is assumed that their EVs would be left 

on charge during this time. This creates another positive effect because this potential 

charging pattern overlaps with the solar energy consumption. The negative effect of that 

pattern is that it also overlaps with the school’s consumption which creates a risk of 

increasing the peak load on the grid. That is why a smart charger is needed to spread the 

charging outside the peak. To create a smart charger perfectly suitable for this 

environment is however a possible theme for future examination. 

Results show that the potential number of cars that can be charged at the same time is the 

greatest when the energy consumption of the school is the lowest, and the solar energy 

production is the highest. In other words, when the grid load is the lowest which occurs 

in June. The opposite is true for December. This can be considered as an intuitive result 

because when the electricity production is high and the consumption is low, the remaining 

available energy is higher and can be used to charge the EVs. When looking at the results 

in Section 4.5 “Amount of cars that can be charged”, it can be concluded that available 

energy is sufficient to charge 104 EVs on one day. This value is the minimum of the mean 

amount of EVs that could be charged in December, the month with the lowest available 

energy compared to March or June. This result in combination with growing EV market 

could appear attractive for a densely populated area such as Luthagen. 

Sensitivity analysis shows that when choosing amount of car charging stations, the grid 

load will be raised in a majority of the days building 145 charging stations, while 

constructing 48 charging stations only will raise the peak in a minority of the days. 

Considering all the variables put into this project, it would be impossible to examine every 

case that might be thought of. However, in none of the simulations in sensitivity analysis, 

the peak consumption were higher than 464,8 kW. Considering the school’s main fuse, 

having a capability of delivering 620 kW to the school in total, it would be rather safe to 

conclude that an extensive build-out of the charging capacities of Fyrisskolan is possible. 

There are unfortunately rather big uncertainties concerning the results in the gallup sent 

out to the employees at the school, while we only got 20 answers. Adding to this, a 100% 

effective smart charger is probably unrealistic. Therefore, a conservative build out in steps 

would probably be the best, to examine whether theory and reality connects. 
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6. Conclusions 

The results have shown that Fyrisskolan’s energy consumption and solar energy 

production is suitable for an EV charging station expansion, meaning that there is a great 

amount of energy available every day that can be used to charge EVs. Doing this would 

be a major step for Uppsala to become a more green city with quiet and clean cars 

travelling on the roads.  

Currently Fyrisskolan has 145 parking spots. Assuming that these parking spots are 

sufficient enough to cover the parking demand of the staff, it can be concluded that the 

resulted number of cars that can be charged is enough to cover the EV charging demand 

of the staff in the future. The expansion of the charging stations could also have a positive 

effect on the area of Luthagen considering that it is very likely that more and more people 

will get an EV in the future. The model constructed in this project can be used to simulate 

similar problems at other public or private institutions in Uppsala or other cities. 
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8. Appendix 

8.1 Appendix 1 

Poll sent to employees at Fyrisskolan. 

Age? 

▪ 18-25 

▪ 26-35 

▪ 36-50 

▪ 51-65 

▪ 65+ 

Gender? 

▪ Male 

▪ Female 

Way of transportation to your work today? 

▪ By foot 

▪ Bike 

▪ Public transportation  

▪ Car 

▪ Other, specify 

Please estimate the number of kilometers you have to work: 

If you travel by car, what fuel is it driven of? 

▪ Gas 

▪ Diesel 

▪ Electric 

▪ Ethanol or gas 

How many hours in average do you spend at work every day? 

▪ 1 

▪ 2 

▪ 3 

▪ 4 

▪ 5 

▪ 6 

▪ 7 

▪ 8 
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▪ 9 

▪ 10+ 

At what time do you usually arrive at work? 

Do you know that it is possible for employees to load an electric vehicle at Fyrisskolan 

as of today? 

▪ Yes 

▪ No 

What do you think it costs to load an electric vehicle at Fyrisskolan? 

▪ Free 

▪ 0.56 kr/kWh 

▪ 1 kr/kWh 

▪ 1.75 kr/kWh 

Would you consider buying an electric vehicle and use it for commuting to work in the 

future? 

▪ Yes 

▪ No 

▪ Maybe 

Out of 77 surveys that were sent out 20 persons answered:  

Ålder? Kön? 

Vilket är ditt 

transportsätt till jobbet 

idag? 

Vänligen uppskatta distansen du 

har till ditt arbete idag 

(kilometer): 

Om du åker bil, vilket 

drivmedel drivs den av? 

36-50 Man Cykel 7,5 Bensin 

26-35 Kvinna Cykel 3 Bensin 

51-65 Man Bil 30 Diesel 

36-50 Kvinna Bil 11 Bensin 

26-35 Kvinna Cykel 5 Åker inte bil 

51-65 Kvinna Cykel 5 Bensin 

36-50 Kvinna Till fots 3 Åker inte bil 

51-65 Kvinna Till fots 0,2 Etanol eller gas 

36-50 Man Cykel 8 Bensin 

51-65 Man Cykel 3 Åker inte bil 

36-50 Kvinna Cykel 8 Bensin 

36-50 Kvinna Bil 25 Diesel 

36-50 Kvinna Cykel 6 Bensin 

51-65 Man Cykel 10 Åker inte bil 
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26-35 Man Cykel 4 Åker inte bil 

65+ Man Cykel 3 Åker inte bil 

36-50 Man Till fots 1 Åker inte bil 

51-65 Kvinna Cykel 1 Bensin 

51-65 Man Bil 22 Diesel 

65+ Man Kollektivtrafik 87 Åker inte bil 
 

 

Hur många 

dagar i veckan 

är du på 

Fyrisskolan? 

Hur lång är en 

arbetsdag på 

Fyrisskolan i 

genomsnitt? 

När brukar du 

anlända till 

jobbet? 

Känner du till 

att det finns 

möjlighet för 

anställda att 

ladda elbil på 

Fyrisskolan 

idag? 

Vad tror du att 

det kostar att 

ladda en elbil på 

Fyrisskolans 

parkering? 

Kan du tänka 

dig att köpa en 

elbil och 

använda till 

jobbpendlingen 

i framtiden? 

5 8 8:00:00 AM Nej Gratis Kanske 

5 7 8:30:00 AM Nej 1 kr/kWh Nej 

5 7 5:40:00 AM Nej 1 kr/kWh Ja 

5 8 8:15:00 AM Nej 1.75 kr/kWh Ja 

4 8 8:00:00 AM Nej 1 kr/kWh Ja 

4 7 8:15:00 AM Nej 1 kr/kWh Ja 

5 8 7:30:00 AM Ja Gratis Nej 

5 7 8:30:00 AM Nej Gratis Ja 

4 7 8:00:00 AM Nej 1.75 kr/kWh Ja 

4 7 8:15:00 AM Nej Gratis Nej 

5 7 8:00:00 AM Nej Gratis Kanske 

2 8 8:30:00 AM Nej Gratis Kanske 

5 8 8:20:00 AM Nej Gratis Kanske 

5 7 8:30:00 AM Nej Gratis Ja 

5 9 7:45:00 AM Nej 1 kr/kWh Nej 

3 3 12:20:00 AM Nej 1 kr/kWh Nej 

5 9 8:00:00 AM Nej Gratis Nej 

4 6 8:00:00 AM Nej Gratis Kanske 

5 6 8:00:00 AM Nej 1.75 kr/kWh Nej 

2 9 7:45:00 AM Nej 0.56 kr/kWh Kanske 
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