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ABSTRACT 

With the transport sector switching to electric energy to reduce greenhouse gas 

emission, the supply and demand in the energy system are impacted by this transition. 

Meanwhile, there are not a lot of studies focus on the electrification of the vehicle fleet in 

Sweden. To fill up the knowledge gap, the paper aims to identify the total required 

electrical energy and power for the electrification of the vehicle fleet in Sweden. This 

includes switching passenger vehicles, light and heavy trucks, and buses to battery electric 

vehicle. An Electric Vehicle Power Demand Model is designed to answer the research 

question. It is a simplified model that can calculate energy consumption and power 

demand from an electric vehicle fleet. To simulate the charging schedule, four scenarios 

are created with differences in charge speed and the use of smart or unregulated charging. 

Based on the model, the electric vehicle fleet consumes 20.4 TWh of electricity 

per year, accounting for 14.7% of total demand in Sweden. Combing the vehicle fleet with 

other energy services, an average hourly peak load of 16.2 GW in summer and 24.3 in 

winter can be seen, while the available capacity in Sweden is around 27.1. The result 

indicates that the current Swedish energy system is capable of handling demand from 

charging the electric vehicle fleet in terms of power capacity for most times. However, 

undersupply may happen in some extreme condition during the winter due to higher 

consumption from other energy services. Furthermore, with the increasing share of 

renewable power in the system, the availability of these power plants can have a direct 

impact on the supply. This requires smart charging to shift the charging events to prevent 

peak hours, which can potentially decrease the peak loads up to 2 GW in EV charging 

demand during peak hours. However, the actual effect of it still requires more study. 

Lastly, the model created for the research can be used as a research or decision-

making tool to estimate the impact of a group of electric vehicles in the future, therefore, 

contribute to the development of the sustainable energy transition. 

 

Keywords: Electric vehicle, Electrification, Sweden, energy system, energy consumption, 

power capacity, sustainability, passenger vehicle, truck, bus 
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NOMENCLATURE 

 

AC  Alternative Current  

BEV  Battery Electric Vehicle 

DC  Direct Current 

Dt  Demand for fuel at a time frame t 

EV  Electric Vehicle 

EVPDM  EV Power Demand Model 

GHG  Greenhouse Gas 

ICE  Internal Combustion Engine 

PHEV  Plug-in Hybrid Electric Vehicle 

Rt  Utilization Rate at time t 

St  Vehicle Stock at time t 

Ut   Unit energy consumption at time t 

WLTP  Worldwide Harmonized Light Vehicles Test Procedure 
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CHAPTER 1. INTRODUCTION 

 

The world is facing a series of challenges from global warming. With the increasing 

temperature, melting ice sheet, and rising sea level, countries are suffering from these 

extreme climatic phenomena (Shahzad, 2015). One of the factors of these disasters is the 

increase of Greenhouse Gas (GHG) concentration, which includes Nitrous Oxide (9% of 

total), Methane (18%), and Carbon Dioxide (CO2) (72%) (Shahzad, 2015). 

Countries around the world are devoting themselves to GHG emission reduction 

in each service sector. Among them, one of the major emitters, the transport sector, plays 

a significant role in the future of GHG reduction, accounting for 14% of total emission in 

the world (Ritchie and Roser, 2020). The transport sector has been dominated by 

traditional Internal Combustion Engine (ICE) vehicles for centuries due to their plentiful 

supply, convenience and affordability (Reitz et al., 2020). ICEs are fueled by processed 

fossil fuel such as gasoline and diesel. The extraction of the fuel,  and the burning process 

in ICE, both inevitably create emissions, which contributes to 10% of the world’s GHG 

emission (Reitz et al., 2020). Therefore, an alternative for ICE is needed.  

With the effect of global warming getting more serious (Shahzad, 2015), there is 

an urgent need to replacing ICE, electric vehicles have become an important technology 

for today’s transport sector. The technology, market, and policy development in the 

transport sector has ensured a pathway for electric vehicle (EV), making electricity one of 

the major sources of energy in the transport sector in the future (Lindberg and Fridstrøm, 

2015). 

The main alternatives for ICE vehicles: Battery Electric Vehicles (BEVs) and 

Plug-in Hybrid Electric Vehicle (PHEVs), have several advantages over the traditional 

ones, especially with BEVs (Lindberg and Fridstrøm, 2015). Firstly, BEV has a much 

higher energy efficiency rate at around 83% on average, meanwhile, most ICEs can only 

achieve 20%. Moreover, BEV has low carbon dioxide emissions, which mainly comes 

from the production of battery and the required electricity (fuel) from the power plant.  
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Lastly, BEV has a lower running cost for the driver, especially after tax reductions are 

applied. BEV does not require regular maintenance like ICE, which can reduce around 

10% of the maintenance cost. With its high energy efficiency, BEV can save overall cost 

up to 80% compared to ICE.  

The rise of EVs, especially BEVs, can have a huge impact on the energy system 

due to the transition from fossil fuels to electricity in energy demand. Since the demand 

and supply of the energy need to be matched to ensure the balance (Byman, 2017); The 

interplay between the two can impact both energy and power systems, which leads to 

changes in energy consumption, hourly power load, and power demand.  

Replacing ICEs with BEV does not instantly mean more energy demand. Although 

switching to BEV requires more electric energy, BEV averagely has a much higher energy 

efficiency rate compared to ICE vehicles (EPA, 2021). It means that EV requires much 

less energy to accomplish the same trip, which leads to the question of how much extra 

energy is actually needed to compensate for the increased demand.  

Sweden, a country that is praised as one of the leaders in sustainability (IEA, 

2021a), has been also putting effort to replace the use of ICE. The low population density 

of the country makes the private vehicle a daily necessity for most of the Swedish that 

lives outside the cities (European Commission, 2020). However, there are only a few 

studies that focus on the impact of vehicle fleet electrification on the Swedish energy 

system. 

In Bischoff et al.’s study on Impacts of vehicle fleet electrification in Sweden: a 

simulation-based assessment of long-distance trips (2019), they aim to evaluate the impact 

of full-scale electrification of the vehicle fleet by using a multi-agent-based long-distance 

transport simulation model with energy consumption and battery charging model. Most of 

the calculations were done in MATSim, an open-source framework that can simulate a 

large-scale transport implementation. The queue model designed by the author (Bischoff 

et al) calculate energy consumption by analyzing vehicles as they enter and leave links in 
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the network. Since it uses long-distance trips for the calculation, only fast charging or 

dynamic charging (charging while driving) are considered.  

Another study focuses on the future adoption of EVs in Sweden, which is analyzed 

based on the current trends and national targets (Rossbach, 2015). To capture the trend 

and user habits, a survey was sent out to EV owners in Sweden. Then, three levels of EV 

penetration are created with weekday and weekend, summer and winter scenarios. 

However, the author only assumed 25% of the EV fleet will be BEV. As for the 

calculation, most were done in MATLAB.  

To fill up this knowledge gap, this study is conducted to simulate a full 

electrification of the Swedish vehicle fleet, which includes passenger vehicles, light and 

heavy trucks, and buses; each type of vehicle has its own charging schedule with a focus 

on a weekday basis. Moreover, the implementation of direct current and alternating current 

chargers, and the use of smart charging are considered. 

1.1. Aim of the study 

The thesis aims to identify the total required electrical energy and power for the 

electrification of the vehicle fleet in Sweden. To achieve the aim, the author designed an 

EV power demand calculation model to simulate required electricity with different 

charging scenarios; which enables the comparison of the power demand with different 

charger and charging schedule on a weekday basis. By comparing different scenarios with 

the current energy system, the research provides an insight into the future development of 

the Swedish transport sector. 

To address the problems mentioned above, a research question is proposed: 

➢ How much electrical energy and power are required to electrify the vehicle fleet in 

Sweden with different EV charging scenarios?  

The “electrical energy” is the energy that directly consumed by EV, while the 

“power” refers to the required power to charge the EV fleet. The “electrification of vehicle 
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fleet” means the current (2020) number of private vehicles (passenger vehicles, light and 

heavy trucks) and buses in the Sweden are replaced by BEV.   

1.2. Outline 

After a literature review on previous research related to BEV and the Swedish energy 

system in Chapter 2, which also includes the relation between the two. Then, the EV 

demand model used for the study is described in Chapter 3, followed by the results from 

it (Chapter 4). Lastly, both of the results and model design are discussed in Chapter 5, 

with a conclusion of the study in Chapter 6. 
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CHAPTER 2. ELECTRIC VEHICLES AND THE ENERGY SYSTEM 

 

The technology development in BEV is rising at a significant speed around the globe due 

to policy change and rising competitors in the BEV market (IEA, 2021b). The European 

Union has implemented a stricter law on regulating GHG emissions from companies, 

especially car manufactures (European Commission, 2021). At the same time, countries 

like Sweden put heavy tax (Bonus Malus system) on newly purchased ICE vehicle based 

on how much CO2 it emits (Transportstyrelsen, 2020). Following the policy change and 

the rise of BEV led by Tesla, most car manufactures are entering the BEV market. Through 

the competition in BEV development, the technology of electric motor, powertrain, and 

battery, therefore, has been improved. Moreover, the cost of these components is also 

decreasing at the same time (González Palencia, Araki and Shiga, 2017).  

2.1. Battery development 

One of the major, perhaps most important, components in BEV is the battery, which stores 

the electricity by charging and outputs for driving. While other components were having 

huge development, there were not many dramatic technological breakthrough in the 

battery over the last five years (IEA, 2021b). Most of the improvements are mainly from 

structural design, cooling, and materials of the lithium-ion battery. However, with the 

gradual development, the technology is also becoming more mature (Zhang, Li and Wu, 

2017). 

To simply understand the development of batteries through past years, two of the 

indicators are the energy density and range of the battery (Zhang, Li and Wu, 2017). Take 

the Tesla Model S for example, a car first announced in 2012 and has been updated every 

year throughout the decade. All models have the same dimension (length, height, and 

width) but with significant differences in range (Tesla, 2021). The battery in the Model S 

has been upgraded from 85 kWh in 2012 to 100 kWh in 2016 (EPA, 2021) (Figure 1), 

since then, the range has kept increasing with the same battery capacity. This is due to not 

only the better efficiency of the battery but also more efficient motors and powertrains. 
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Although the weight of the car has been slightly increased from 1900 kg to 2214 kg (Tesla, 

2021), it is a positive trade-off between the range and weight. 

Data from: (EPA, 2021)           *Not in the market yet. 

2.2. Charging infrastructure 

One of the challenges in the mass implementation of BEVs is battery charging. Unlike 

ICE vehicles, BEVs cannot fill up the fuel at the gas station, which takes only around 2 to 

3 minutes from empty to full. Instead, the battery has to be charged at a charging station, 

whether a slow-charger (<22 kW) at home or fast-charging (>22 kW) stations (ideally) 

scattered around public places (Knez, Zevnik and Obrecht, 2019). Depending on the 

charger, the charging process can take from 40 minutes (Tesla superchargers V3, 250kW) 

to 14 hours (Wall connecter, 7 kW) for a 100KWh battery (Tesla, 2021).  

2.2.1 Types of chargers 

The difference in charger is based on the types of charger plug connecter and vehicle side 

connecter (Bahrami, 2020). In general, there are Alternative Current (AC) and Direct 

Current (DC) charger (Table 1); while AC chargers tend to have a smaller and more 

common charging voltage (120-240V) with a lower power output (3.7-22 kW), DC 

chargers provide high voltage (400+V) and output (50-250 kW) charging (Knez, Zevnik 

and Obrecht, 2019).  
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Based on the different output rate, there are three charging levels (Bahrami, 2020). 

Level 1 charging, which mostly refers to 120V AC chargers, provides the slowest charging 

rate and is mainly used for emergencies. Level 2 provides a higher rate of AC charge with 

charging equipment installation required. Lastly, Level 3 refers to DC fast charging, which 

charges high-voltage electricity directly into the vehicle without transformation. 

Table 1: Common types of EV chargers 

 AC charging DC Charging 

Standard 

/Connecter 

Type 1 

(J1772) 
Type 2 3-pin CHAdeMO 

CCS 

Combo 2 

Tesla 

Supercharger 

Charging 

level 
Level 2 Level 2 Level 1 Level 3 Level 3 Level 3 

Voltage 

(V) 

208/ 

240V 

208/ 

240V 

110 

/120V 

Max. 

500V 

Max. 

480V 

Max. 

480V 

Power 

rating 

(kW) 

3.7 / 7 3.7/7/22 2.3 50 - 450 50/150/350 250 

Used by America Europe All Japan Europe Tesla 

Data from: (Pod Point, 2021; Bahrami, 2020; Knez, Zevnik and Obrecht, 2019) 

AC charging (Level 1 & 2) 

AC chargers is mainly used at home, workspace, and destination charging stations (Pod 

Point, 2021). There are mainly two types of vehicle side connecter, Type 1 & 2. The 5-

pins Type 1 (J1772) is the US’s standard connecter. It provides charging rates at 3.7 kW 

and 7 kW, and only has single phase charging. Single-phase power supply has a single 

power wire and one neutral wire, which is common for residential use (Knez, Zevnik and 

Obrecht, 2019). On the other hand, the European union uses the 7-pins Type 2 connecter 

as standard. It has a variety of outputs at 3.7 kW, 7 kW, and 22 kW. The 22 kW one uses 

three-phase power, which includes a three-wire power circuit that can provide steady and 

constant power  (Knez, Zevnik and Obrecht, 2019). 
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For the charger plug side (the part that is connected to an outlet), only the Type 2 

is suitable for BEV charging. The Type 2 charger plug connecter (Level 2) is the universal 

standard for all charging points (Pod Point, 2021). It requires the driver to bring suitable 

cable to connect the charger.  

Lastly there is the 3-pin home plug (Level 1), which has a significantly slow 

charging rate at 120V 2.3 kW, taking around 42 hours to charge a 95 kWh BEV. Therefore, 

it is quite difficult for daily use (Pod Point, 2021)  and mainly used for emergency situation 

when there is no Level 2 and 3 charging available. 

 

DC charging (Level 3) 

DC charging, also known as rapid charging, provides high voltage and power output that 

can rapidly charge BEVs in a short time (Bahrami, 2020).  However, to protect the battery, 

it does not charge at maximum power all the time (Knez, Zevnik and Obrecht, 2019). 

Therefore, DC chargers are mainly used at service area (rest stop), where people usually 

do not stay for long but want their BEVs to charge to a certain level. There are mainly 

three types of DC charging station, each type has its own unique vehicle side and charger 

plug connecters. They are all included at the station; therefore, users do not need to bring 

their own cables.  

The Japanese CHAdeMO standard is commonly used for Japanese EVs such as 

Nissan and Mitsubishi. It is a standard defined by the Japanese government (Chademo 

Association, 2021). However, due to the popularity of Japanese vehicles, this standard is 

quite common around the world (Bahrami, 2020). This type of charger currently can 

provide charging rates at 50 (Most common) and 100 kW (Chademo Association, 2021). 

In 2020, the third generation of CHAdeMO was announced, which enabled 1.5 kV, 350-

400kW charging (Chademo Association, 2021).  

As for the European standard, the Combined Charging System (CCS) with 

Combo 2 is used. It is the extension of AC Type 2 connecter. The CCS provides a variety 

of charging rates at 50 (Most common), 150, and 350 kW. Among them, the 150 kW 
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charger is predicted to become the mainstream in the future (Pod Point, 2021). All 

European car manufactures use this standard for their BEV. In addition, the US uses 

Combo 1, the extension of AC Type 1, for their standard. 

Lastly, the Type 2 connecter is used by Tesla Supercharger. The Supercharger is 

currently updated to the third version (V3), which has a charging rate of 250 kW. In 2018, 

Tesla announced that their Superchargers in Europe will  provide with both CCS Combo 

2 and Type 2 connectors, and their latest model at that time, Model 3, is also equipped 

with the Combo Type 2 connector (Tesla, 2021). It shows that the CCS Combo 1 and Type 

1 connecters are slowly losing their advantage and market share in DC charging. 

In general, DC charging stations are difficult to install and has a much higher cost 

compared to AC charging stations, which makes them rather rare and impossible to be 

implemented at home. However, with government’s support the rise of BEV in the market, 

the number of DC charging station has a significant increase globally (IEA, 2021). 

Moreover, the technology development and cost reduction of charging infrastructure are 

predicted to make home DC charging possible in the future (IEA, 2021).  

 

2.3. Market developments 

The share of BEV has been rising globally throughout the decade. From a total of 20 

thousand BEVs in 2010 to 4.79 million in 2019, of which most comes from China and 

Europe (IEA, 2021b). 

As for the charging infrastructures, similar to the BEV share, China takes the lead 

in the amount of slow and fast chargers, followed by the European Union. However, the 

rate of deploying publicly accessible charging points is outpacing BEV sales, which is an 

essential positive factor for future vehicle fleet electrification (IEA, 2021b). 

2.3.1. BEV in Sweden 

BEV currently plays a rather small part in Sweden. Private vehicles are essential for 

Swedish people who live in the countryside, people rely on their cars to commute, do 
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grocery shopping, and pick up their children. However, 89 percent of private vehicles in 

Sweden are still running with petrol (54%) or diesel (35%), while BEV only accounts for 

1% at the end of 2020 (Melkersson, 2020); That is equivalent to 55734 BEVs.  

To reduce the amount of ICEs, the Swedish authority has set a goal of banning the 

sale of new ICE vehicles by 2030 (Schmidt, 2019). Although the government does not 

limit the type of fuel for future development; with most car manufactures putting their 

focus on electric power, it is quite obvious that BEV will slowly become the mainstream 

in Sweden. According to BIL Sweden (2021), 50% of the newly registered passenger 

vehicles in December 2020 are EVs, of which 60.2% of all are PHEV and 38.4% are BEV. 

As for charging infrastructures, there was a rapid increase of charging stations in 

Sweden (European Commission, 2021). There were only 3826 charging stations in 2017, 

and the number increased to 10716 in 2020. Among them, about 5346 stations were built 

in 2020, which is mainly due to the huge growth in PHEV sale.  

2.4. Swedish energy system 

The Swedish energy system has a major focus on the use of renewables  (Swedish Energy 

Agency, 2021). The overall energy supply in Sweden was 548 TWh in 2019, of which 

56% of them are from renewable sources. As for the electricity supply, 165.5 TWh 

electrical energy are produced in 2019, and 71% are from renewables (Swedish Energy 

Agency, 2021). 

Looking at the demand side, the final energy use in 2019 is 369 TWh, and 138.1 

TWh of which are in the form of electricity (Swedish Energy Agency, 2021). The 

electricity demand has been slightly decreased in the last decade, maintaining at around 

140 TWh in the last five years. The overall average daily electrical energy consumption 

in 2019 is around 337 GWh. The electricity power consumption is further broken down in 

the coming section. 

The total electricity power outtake in Sweden differs from time to time. It reaches 

the highest hourly peak load during the winter (22 GW) and decreases when the weather 



 11 

gets warmer in the summer (12.9 GW) (Figure 2)(Svenska kraftnät, 2021b). The 

difference between the peak hours is up to 9,149 MW. Moreover, it is even worse in 2021, 

which the highest hourly demand at 25,302 MW can be seen on 12 February between 8 

and 9 AM (Svenska kraftnät, 2021a). According to previous data (Byman, 2017), the 

number can increase up to 27,100 MW in an extreme cold winter. In contrast, the demand 

can reach the lowest at 12,600 MW during the summer. 

Data from: (Svenska kraftnät, 2021b) 

 Data from: (Svenska kraftnät, 2021b) 
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Looking at the average demand of the Swedish energy system in a single day (Figure 3), 

the peak usually happens at around 8-9 and 16-18 (Svenska kraftnät, 2021b). However, 

during the winter, the peak between 16-18 is more extreme than the summer. In addition, 

the demand reaches the lowest during the night (00:00 to 04:00) in both seasons. 

Sweden’s available capacity for electricity production is just above the demand. 

The available capacity is the total amount of capacity that can produce electricity at a time 

(Homer, 2021). Although Sweden has a total installed capacity of 40.6 GW, the maximum 

available capacity is around 27.1 GW  (Byman, 2017). Until May 2021, the supply so far 

reached the highest at 25.7 GWh, which happened at 11 February 8-9 AM (Svenska 

kraftnät, 2021b). Comparing the highest demand and supply, there is only 2 GW of 

capacity left, which leads to risks in power adequacy.  

The fact that Sweden are relying more on wind power while dismantling nuclear 

power plants (IEA, 2021), have starting to pose risks to its power adequacy. Maintaining 

power adequacy means the supply and demand of the energy needs to be matched (Byman, 

2017). However, the percentage of time that wind turbines can generate electricity in a 

period (Availability factor) is generally low, at only 11 percent; while the main supplier 

in Sweden, hydro and nuclear power can provide electricity at 85~90% of time (Svenska 

kraftnät, 2021b). When the supply is not sufficient, power outage may occur to protect 

power plants and impact consumers. The capacity reserve (backup generation capacity) is 

currently at a maximum of 2,000 MW, but the number will only decrease in the future due 

to the phase out of nuclear and the increase of wind power (Byman, 2017). In situation 

like this, hydro power becomes an essential role in securing the energy supply without 

relying on nuclear power. Hydro power accounts for almost half of all electricity 

production, act as a regulating source to maintain the demand (Byman, 2017). With the 

increase of electricity demand in all energy services, the load on hydro power plants will 

only be heavier. 

2.4.1. Transport sector 

The transport sector in Sweden consumed the least amount of energy compared to other 

energy services. While industry (142 TWh) and residential services combined required 
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286 TWh of energy, transport sector consumed 83 TWh. Among the consumption by 

transport, 76.8 TWh are used for road traffic, and 3 TWh are electric energy. (Swedish 

Energy Agency, 2021) 

Furthermore, there is also a decreasing trend in energy use since 2015, from 85.9 

TWh to 83.4 TWh (Swedish Energy Agency, 2021). While the electricity use was slightly 

increased in the past five years (2.6 TWh in 2015 and 2.9 TWh in 2019); petrol use has 

been decreasing dramatically since 2005, from 45.5 TWh to only 23.1 TWh in 2019. 

However, this is due to the increase use in diesel and biofuel (Swedish Energy Agency, 

2021). The introduction of transport sector electrification can have an impact on the 

electricity system, which is already near its maximum capacity. 

2.4.2. National grid challenge 

With the precited increase in electricity use, the government has raised their attention on 

the capacity of the Swedish national grid (Örtenholm, 2021). Currently, the grid for 

electricity consists of 15,000 km of power cables, about 160 substations and switching 

stations and 16 overseas connections (Örtenholm, 2021). To address the issue the 

government plans to rebuild 5,000 km of power cables by 2030, which is roughly a third 

of the national grid (Örtenholm, 2021). This would increase the capacity of the cables and 

ensure energy security when demand increase.  On the other hand, Sweden is also pushing 

to 100% renewables for electricity production and looking into demand flexibility 

solutions such as smart grids, which can adjust the demand to smooth peak loads  (Swedish 

Energy Agency, 2021). 

 

With the analysis of Swedish energy system, the electric energy demand from the charging 

of EVs is identified in the following secton. 

 

 



 14 

2.5. Demand from EV charging  

The transition to EVs can have different impacts on different energy systems. According 

to a case study on the European energy system (Kasten et al., 2016), an EV stock 

penetration of just approx. 10% can lead to severe operational problems.  There are several 

factors in the energy system such as the source of energy supply, the level of grid capacity, 

and the technology development in different countries (Kasten et al., 2016). On the other, 

EV usage and infrastructures such as user charging needs, charge rates, battery size, and 

charger types can also affect the result (Grid Integration Tech Team and Integrated 

Systems Analysis Tech Team, 2019).  

From the supply side, the difference in energy and the grid can lead to potential 

challenges. The use of renewable increase the risk of power supply fluctuation (Kasten et 

al., 2016), however, it also provides the operation of EV with the lowest emission 

compared to traditional power plants (Coal-powered and nuclear).  

Grid characteristic such as ramping capabilities, which refers to the continuous 

rate of change in generator output, needs to be considered when implementing large-scale 

EVs. As well as the spinning reserve requirements of the bulk power system, which can 

quickly respond to the need for generation or transmission outages. (GITT & ISATT, 2019) 

On the other hand, the EV fleet and its infrastructures can also lead to several 

challenges. The use of fast or high power chargers (at 150kW and above) and high 

frequency and density of charging stations in an urban area can cause high pressure on the 

grid load (GITT & ISATT, 2019). 

2.5.1. Peak load and hours 

The charging schedule is just like other energy demands, which is based on user habit and 

preference. Several studies (Rossbach, 2015; Kasten et al., 2016; GITT & ISATT, 2019) 

have shown that most charging was done during the early morning (4-7) and early 

evening (19-23), which is used as the charging schedule for passenger vehicle in the model. 

The logic behind the result is that: People tend to charge their car overnight or chargers 

scheduled to charge in the early morning, so their vehicles are well prepared and can be 



 15 

used during the day. When people are back from work at around 5 to 6 PM, EVs are 

connected and recharged.  

During these peak hours, the grids are suffered the most and have the most 

potential risks. With the increasing percentage of BEV in the market, these risks and 

challenges will only be more severe, especially for local grids. Local grids usually are not 

capable of enduring such intense load, with the technology development of higher voltages 

charger, the stress on local grids will surpass their technical limits (Kasten et al., 2016).  

2.5.2. Smart charging 

To solve the problems mentioned above, smart charging is crucial to flatten the energy 

demand curve (Kasten et al., 2016; Grid Integration Tech Team and Integrated Systems 

Analysis Tech Team, 2019). In contrast to unregulated charging, smart charging controls 

the charging schedule by centralized communication infrastructure and adjust the charging 

hours based on the need, therefore, reduce loads on the grid (Kasten et al., 2016). 

There are mainly three kinds of smart charging (Kasten et al., 2016). Network-

oriented charging shifts EV charging time to reduce peak load stress on the grid. 

Renewable energy-oriented smart charging focused on the energy supply from 

renewables, which shifts charging time to adapt to renewables; For example, charge when 

the wind is strong or solar irradiation is high. Therefore, limit the use of traditional power 

plants for EV charging and reduce the CO2 emission. Lastly, cost-oriented charging aims 

to shift charging to low-price periods so the spend on charging can be lower. This type of 

smart charging also helps changing user’s charging behavior. However, peak load periods 

tend to have a higher price rate, which means the method may lead to a similar result as 

network-oriented charging (Kasten et al., 2016).  
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2.6. EV energy consumption models 

To calculate the energy consumption from EVs, a variety of methods have been developed 

with different focus and scale. 

The Mobility, Vehicle fleet, Energy use and Emissions forecast Tool 

(MOVEET) aims to calculate both the energy demand and emissions from vehicles. The 

model focuses on future prediction based on existing fleet data by looking at Transport 

Demand, Fleet, Environmental, and Welfare. (Kasten et al., 2016)  

On the other hand, González Palencia, Araki, and Shiga (2017) took a different 

perspective on EVs. Their Dynamic bottom-up accounting energy-economic model 

estimates the potential of reducing energy consumption and emission from a BEV fleet. 

Therefore, it shows how much advantage a BEV fleet have over a current ICE vehicle 

fleet (González Palencia, Araki and Shiga, 2017). 

Lastly, the Identity model by Bhattacharyya and Timilsina (2009), which is used 

for the study, will be introduced in the following Chapter 3 Method.  
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CHAPTER 3. METHOD 

 

The chapter aims to explain the framework of the research and the methods used to 

calculate the energy demand from a BEV fleet in detail. The types of vehicle in the fleet 

and different charging scenarios are described at the end. 

3.1. EV Power Demand Model 

An EV Power Demand Model (EVPDM) is developed to address the charging cycle and 

power demand from the use of EVs. The model is based on an existing energy 

consumption demand model, Identity model (Bhattacharyya and Timilsina, 2009). In 

addition, several charging scenarios are created to compare the impact of the EV fleet with 

different charging schedule.  The calculation is done in Microsoft Excel. 

The EVPDM is divided into two parts. The first part uses the Identity model as the 

foundation, therefore, to explain the concept and process of EVPDM, it is essential to first 

introduce the Identity model. 

3.1.1. Part 1: Identity model 

The Identity model is an energy (fuel) consumption model developed by Bhattacharyya 

and Timilsina (2009). The model aims to calculate the energy demand from a vehicle 

stock, with a focus on energy end-user and at a disaggregated level. To simply the model, 

it can be expressed as:  

𝐷𝑡 = 𝑆𝑡 × 𝑅𝑡 × 𝑈𝑡   (1) 

 

Where Dt refers to the demand for fuel at a time frame t, St resembles the vehicle 

stock, Rt is described as the utilization rate, and Ut for the unit energy consumption 

(Bhattacharyya and Timilsina, 2009). 
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To adapt to the context of the research and be more specific, these variables can be 

described as:  

• Dt is the total required electricity to maintain the use of all EVs in a certain time 

(t); 

• St is the total amount of EVs, which is based on the current vehicle stock in 

Sweden; 

• Rt refers to the average driving distance of an EV in a certain time(t); 

• Ut is the electricity consumed by an EV in a certain distance. 

By multiplying the St, Rt, and Ut, the total required electricity for the EV fleet in 

Sweden to drive at an average distance in a certain time is acquired. The variables of each 

vehicle type can be found in 3.2. The Vehicle fleets. 

3.1.2. Part 2: Charging cycle and Power demand 

To estimate the power demand from the EV fleet in different time of day (Dhour), a 

simplified calculation is developed. The calculation is based on several assumptions and 

scenarios to simulate the use of EV. 

Before entering the calculation, there are several values need to be identified: 

⚫ D1day: is the electricity consumed by the EV fleet per day, which is from the D1year 

and divided by 365 days 

⚫ (Charging) availabilityh: The percentage of EVs that are connecting to (or available 

to) chargers at a specific hour (h) (Figure 4). For example, the availability at 2:00 is 

around 50%. The data is based on real world data from different field study in 

charging behavior (3.4. Data collection).  

⚫ (Charging) activityh: The percentage of the EVs that are charging electricity into 

their vehicles at a specific hour (h). This is when chargers are actually consuming 

energy from the system. Charging activityh needs to be less than (<) Charging 

availabilityh, since EVs have to be connected before charging. 
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Therefore, the basic of the model can be described as: 

𝐷ℎ𝑜𝑢𝑟 = 𝐷1𝑑𝑎𝑦
 

×  
𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦

ℎ

∑ 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦
ℎ

23
ℎ=0

  (2) 

 By adding up the activity percentage from each hour in a day, the total percentage 

of activity is acquired; Which then can calculate the demand in each hour (h). The 

calculation of the charging activity is further broken down in the following section. 

Data from: (Schey, Scoffield and Smart, 2012) 

The curve (Figure 4) is based on actual charger connecting data from over 5000 

EVs and 10,000 charging system in the US (Schey, Scoffield and Smart, 2012). Charging 

activity is based on charging availability. Activity is equal to availability when unregulated 

AC charging is applied, which means the EVs are always charging when connected to 

chargers. However, with the introduction of smart charger and DC charging, the charging 

activity is modified. 

For DC charging: 

𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦ℎ = 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦ℎ −
𝑅𝑒𝑐ℎ𝑎𝑟𝑔𝑒 𝑡𝑖𝑚𝑒 𝑤𝑖𝑡ℎ 𝐷𝐶 𝑐ℎ𝑎𝑟𝑔𝑒𝑟 

𝑅𝑒𝑐ℎ𝑎𝑟𝑔𝑒 𝑡𝑖𝑚𝑒 𝑤𝑖𝑡ℎ 𝐴𝐶 𝑐ℎ𝑎𝑟𝑔𝑒𝑟
  (3) 

It is assuming that with higher charge rate (DC charger), people would take much 

less time to charge their EVs, which means less charging availability. Recharge time refers 

to the required hour to fully charge an EV from 0% to 100%. This calculates how much 
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percentage of charging hour is decreased when replacing faster chargers (DC) with slower 

ones (AC). 

For smart charging: 

𝐼𝑓 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 > 𝐻𝑜𝑢𝑟𝑙𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒,   𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 = 𝐻𝑜𝑢𝑟𝑙𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒  (4) 

𝐼𝑓 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 ≤ 𝐻𝑜𝑢𝑟𝑙𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒,   𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 = 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦  (5) 

 This is an attempt to simulate net-oriented smart charging, where the first formula 

smooths out the peak loads by limiting the charging availability that is above the hourly 

average; and the second ensures the activity percentage cannot exceed the maximum 

availability. The hourly average is referring to the average of hourly availability in a day. 

 With the model above, the hourly electricity load from the charging of EV fleet 

can be acquired. However, to be more accurate, the vehicle fleet is divided into 4 types 

and calculated separately. 

3.2. The Vehicle fleets  

The paper identifies four types of vehicle in the Swedish vehicle fleet for the 

electrification.  Each type has its relative specification and sample model (Table 2). Four 

sample model are chosen for each vehicle types to estimate the energy consumption rate. 

Table 2: The specification of vehicle types in Sweden 

Spec.\Vehicle type 
Passenger 

vehicle 

On-road  

light truck  

On-road  

heavy truck  
Bus 

Amount (St) 4,944,067 679,913 84,333 13,489 

Average driving distance 

(Rt) (km/ per car in a year) 
11,700 13,400 40,500 56,100 

Sample vehicle 
Volkswagen 

ID.4 
Fuso eCanter 

Volvo FH 

Electric 

BYD 12m 

Electric Bus 

Battery capacity (kWh) 
82 (Gross) 

77 (Net) 

82.8 (Gross) 

66 (Net) 
540 (Gross) 352 (Gross) 

Range (Km) 522 100 300 257 

Consumption rate (Ut) 

(kWh/100 km) 
17.3 66 115 138 

Recharge time 
DC 50kW: 40 min1 

7kW: 11 hr. 

50kW: 1.5 hr. 

7kW: 8 hr. 

250kW: 2.5 hr. 

43kW: 9.5 hr. 

150kW: 3 hr. 

80kW: 5 hr.2 AC 

   1 Charge from 0 to 80%    2 AC 40 kW×2 
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Data from: (BilSweden, 2021; BYD Motors, 2021; Mitsubishi Fuso, 2019; Volvo, 2021; 

Volkswagen, 2021) 

3.2.1. Passenger vehicle  

Passenger vehicles accounts for the most in the Swedish fleet, with almost 5 million cars. 

However, compared to other vehicle types, they have the lowest driving distance and 

consumption rate in a year in average.  

The sample model used for the category is Volkswagen ID.4, the best-selling BEV 

between January to April 2021 in Sweden (BilSweden, 2021). It has an 82-kWh battery 

pack battery with 77 kWh actual usable capacity, which can provide a range up to 522 km 

(Volkswagen, 2021).  

3.2.2. On-road light truck 

On-road light truck refers to truck that weights between 3.5 to 7.5 tons. They are the 

second largest type of the fleet, and are mostly for utility use, therefore, they have a slightly 

higher average driving distance than passenger vehicle.  

 The sample model used for the category is Fuso eCanter, developed by Mitsubishi 

Fuso in 2017. The model has six high-voltage lithium-ion battery packs, providing a total 

of 82.8 kWh gross capacity. It is capable of doing 100 km with a full charge (Mitsubishi 

Fuso, 2019). 

3.2.3. On-road heavy truck 

On-road heavy truck type includes trucks more than 7.5 tons but under 44 tons. Most of 

the vocational applications such as good transportation, heavy dump trucks, concrete 

pump trucks, and refuse hauling are all under this category. These trucks have to be 

operated day and night, which result to their high average driving distance. 

The sample model used for the category is Volvo FH Electric. The vehicle is 

provided by a maximum of six 90-kWh lithium-ion batteries (540 kWh in total) that can 

last for 300 km (Volvo, 2021). 
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3.2.4. Bus 

Lastly, buses account for the smallest fleet in Sweden, however, they have the highest 

consumption rate per vehicle. This is mainly due to the heating, ventilation and air 

conditioning system on the bus to provide comfortable space for all the passengers 

(Pamuła and Pamuła, 2020). 

The sample model used for the category is BYD 40ft (12m) Electric Transit Bus. 

The bus provides up to 42 seats, while uses a 352-kWh Iron-Phosphate battery that can 

last more than 250 km. Moreover, it is charged with  80 kW dual AC connecters 

(40kW*2), which takes around 5 hour to do a full recharge (BYD Motors, 2021). 

3.3. Charging scenarios 

This study creates 4 charging scenarios for the vehicle fleet to identify the impact of the 

electrification with 2 different variables (Figure 5). They are all based on a weekday 

scenario, where people have to work during the day. Differences in winter and summer 

are not considered in the scenarios due to time constrain. 
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Figure 5: Variables and scenarios for EV charging 
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3.3.1. Variables 

To create the four scenarios, 2 variables are defined: 

Charger types 

The first variable is the charge type. The DC chargers refer to the Level 3 charge rate, 

ranging from 50 to 250 kW depending on the vehicle type. It is assuming that in the future, 

DC charging is possible and quite common for home use.  

On the other hand, AC chargers refer to 7 - 80 kW AC Level 2 charging, which is 

currently the most common home-use charger found in the market (Bahrami, 2020).  

Charge management 

As for the second variable – charge management, affects how the system regulate the 

charging activity. With net-oriented smart charging, the centralized control system 

automatically adjusts the charging schedule to smooth the power demand curve, therefore, 

flatten the peak load.  

Without smart charging (the unregulated charge), the charging pattern is 

depending purely on user habits (Charging availability). Other studies (especially 

Rossbach’s survey study in 2015) mentioned in 2.4.1. Peak load and hours, where 

passenger vehicle charging peak load happened at around early morning (4-7) and late 

evening (19-23) (Figure 7) (Rossbach, 2015; Kasten et al., 2016; GITT & ISATT, 2019). 

This is assumed that most people only charge at night when they get back from work, 

whether it is due to a very limited amount of EV charging station at their companies or 

people are used to charging at home. 
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Trucks and buses have higher dependence on overnight charging; however, 

another peak from trucks can be found around 8 AM (Figure 7).  

(Schey, Scoffield and Smart, 2012; Hildermeier, Jahn and Rodríguez, 2020; Wang et al., 2019) 

3.3.2. Scenarios 

The two variables create four combinations (Scenarios) (Figure 6). 

The DC charger + Smart charging scenario (S2: DC Smart) is a fully development 

future of EV charging. With fast charge and smart charging, EV users are provided with 

short refueling time while the impact of EV to the energy system can be limited. 

At the other end of the spectrum is the AC charger + Unregulated charging scenario 

(S3: AC), which means the technology development stays the same while the vehicle fleet 

switches to full electric.  

Lastly, DC charger + Unregulated charging scenario (S1: DC) and AC charger + 

Smart charging scenario (S4: AC Smart) provides mix combination with different 

technology development focus.  
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3.4. Data collection 

To execute the EVPDM, the research identified several data from different sources, which 

can be seen in Table 3. 

Table 3: Attributes of used value 

Value Unit Source 

St: Vehicle stock Amount Sveriges officiella statistik 

(Melkersson, 2020) Rt: Utilization rate 100 KM 

Ut: Unit energy consumption MWh/100 KM WLTP (icct, 2021) 

Charging availability 

◼ Passenger vehicles 

◼ Light / Heavy trucks 

◼ Buses 

% 

 

(Schey, Scoffield and Smart, 2012) 

(Hildermeier, Jahn and Rodríguez, 2020) 

(Wang et al., 2019) 

 

To get a better estimation of the demand for fuel, the unit energy consumption (Ut) 

from the Worldwide Harmonized Light Vehicles Test Procedure (WLTP) laboratory test 

is used. The WLTP energy consumption data is shown as kWh of electricity per 100 

kilometers. It is based on real-driving data which matches the on-road performance a 

vehicle has and considers the energy loss between the input and actual output. The 

procedure has been the standard of EU regulation since 2017 (icct, 2021). 

For the charging availability, each vehicle type is based on real world data from 

different field study in charging behavior. 
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CHAPTER 4. RESULTS 

4.1. Energy consumption 

The electrification of the vehicle fleet consumed around 20.4 TWh per year, which is 

around 55.9 GWh per day (Table 3). This mainly comes from the passenger vehicle fleet, 

followed by light trucks, heavy trucks, and buses, which combined is around the same as 

the passenger vehicles consumed. 

Table 3: EV fleet energy consumption 

Vehicle type 
Energy consumption 

(GWh/Year) 
Per day (MWh/day) 

Passenger vehicle 10,007 27,417 

On-road light truck 5,267 14,431 

On-road heavy truck 4,099 11,229 

Bus 1,044 2,861 

Total  20,417    55,938 

 

The energy consumption from the EV fleet is 56.4 TWh less than the current energy 

consumption from road traffic. This effectively reduces the use of oil products, which 

accounts for around 60 TWh (Swedish Energy Agency, 2021). 

4.2. Hourly demand from EV charging 

With the total energy consumption per day, it enables a detailed analysis of the 

consumption within a day. Figure 7 on the next page provides an overall view of the hourly 

load from charging the EV fleet with different charging scenarios. Looking at the general 

trend in all scenarios, it is clear to see that the charging peak load from all types of vehicles 

happened between 21:00 to 00:00, with the highest load at 5.7 GW (DC). The second peak 

comes at around 08:00 with less than half of the highest demand (2.3 GW). The demand 

decreases to the lowest around noon and gradually increases until 17:00, after that, a 

dramatic rise can be seen. 
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The table below shows the highest peak load from all scenarios, with DC the highest, 

followed by AC, DC Smart, and AC Smart. 

Table 4: Peak load and hour from EV charging with each scenario, GW 

Scenarios DC DC Smart AC AC Smart 

Peak load (GW) 5.70 3.77 5.02 3.35 

Happened at: 23:00 21:00~2:00 23:00 21:00~2:00 

 

The difference between DC and AC charger scenarios is not significant due to the 

limited charging availability of the vehicle, about a 0.68 GW gap at peak load.  However, 

it is clear to see that the load curve is more extreme in DC scenario than in AC, which 

means not only the peak is higher in DC, the bottom is also lower. 

Looking at smart charging scenarios, the introduction of smart charging can 

effectively smooth out the peak loads. Comparing with and without smart charging 

scenarios, there is a 2 GW difference in peak load (Table 4). 

Figure 7: Hourly load from EV charging with four scenarios 
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To estimate the impact of the EV fleet on the Swedish energy system, the demand from 

EV charging and other energy services are combined in the following section. 

4.3. Hourly power demand 

The four scenarios bring different levels of impact on the system. In 2019, the average 

daily electricity consumption is 337 GWh, and 7.9 GWh is from road transport (Swedish 

Energy Agency, 2021). The introduction of vehicle fleet electrification adds 

approximately 56 GWh of electricity demand, which adds up the total daily demand up to 

380 GWh. The EV fleet accounts for 14.7% of demand, with that huge demand, the 

different charging scenarios play an important role to distribute the consumption. 

Comparing unregulated AC and DC charging during the summer, the 

implementation of DC charging created a more extreme spike in the hourly EV charging 

load (Figure 8). However, that happens between 21:00 to 01:00, which is rather a low 

demanding period for the electricity system. On average, hourly power demand reaches 

the highest at around 16.2 GW. Therefore, the available capacity (27.1 GW) is quite 

sufficient in the summer (Byman, 2017).  
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Looking at the demand during the winter (Figure 9), the peak load happened at 

similar hours like in the summer, but with much higher load. The average of highest peak 

is 24.3 GW at 8:00, which is still under the available capacity. Nonetheless, there is still a 

risk of undersupply in winter with an extreme condition, when the demand from other 

energy sectors is abnormally high. For example, with 25.3 GW at 8:00 on Feb. 12, 2021 

(Svenska kraftnät, 2021a), an additional 2.3 GW (DC) from EV charging can lead to a 

total demand of 27.6 GW, which exceeds the available capacity.  

Smart charging was supposed to reduce this peak load and distribute the high 

consumption. However, it instead creates a higher consumption at that time (8:00). The 

EVPDM was designed to smooth out the peak curve from EV charging demand. This 

effectively reduce and distribute the peak demands as it shown in 4.2., but due to the peak 

demand of the whole energy system and EV charging happened at different hours, smart 

charging scenarios creates a higher peak when integrating EV charging into the energy 

system. Nonetheless, the 2 GW decrease potential is there, but the actual effectiveness of 

smart charging requires more study and model modification (Discussed in 5.3.2.). 
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CHAPTER 5. DISCUSSION AND ANALYSIS 

5.1. The impact of electrification 

The result highlighted several major numbers in the electrification of the vehicle 

fleet. The electrification can put pressure on the electricity system. Although the electricity 

production capacity is increasing at a rate of 900 MW per year (Svenska kraftnät, 2021a), 

the increasing proportion of renewable power plants in the system (51% in 2019) (Swedish 

Energy Agency, 2021) and the intermittency of renewable energy supply can still pose 

risks to the availability of electricity in certain times. Therefore, smart chargers play an 

important role to adjust the demand. It is already mentioned that smart charging can 

decrease EV charging peak loads by about 2 GW, and that does not require EV users to 

change their charging behaviour. Combined with other types of smart charging, such as 

cost-oriented charging, EV users are motivated to charge at off-peak periods to reduce 

electricity price (Kasten et al., 2016), the peak loads can be flattened even more. 

However, there may be some uncertainty regarding the technology development 

of EV chargers in the future. Currently most home-use EV chargers provide 7kW AC, 

with increasing DC chargers at public places (Pod Point, 2021). Although there are 

predictions of 150kW DC becoming the mainstream, the techology of both battery and 

charging may be much more advanced when 100% EV in Sweden are actually achieved. 

With a much higher charger power output, the grid may suffer a higher peak load then this 

prediction from EVPDM. When EVs in the future have much higher range due to a larger 

battery or better energy consumption efficiency, people’s driving behavior may also 

change, since they no longer need to charge it every day to maintain daily use. If this 

happen, the grid may instead have less demand peak then the current assumption. 

Therefore, with technology development in the future, the data needs to be updated. 

5.2. Ethical consideration 

With the policy change and technology development are in the favor of EVs, the right of 

current ICE vehicle users may be harmed. Sweden has already shown a heavy tax policy, 
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the Bonus Malus system, that punishes new ICE vehicles (Transportstyrelsen, 2020). With 

the country’s goal of phasing out ICE, there may be more serious punish for current ICE 

vehicle user. For example, the government in Stockholm is considering banning old diesel 

vehicles in the old town (Gamla Stan) (Transportstyrelsen, 2020). The access to gas 

stations may also become a potential problem for the users in the future, which in the end 

forces them to replace their old but good condition ICE vehicle. People have their right to 

own and use what they have in most cases, but when they are forced to embrace a better 

future, their right may be sacrificed.   

5.3. Analysis of the model design 

To review the EVPDM, results from similar studies are compared, which enables 

indicators for further improvements and implications. 

5.3.1. Comparison to other studies  

Based on the identified studies in 2.6.1. , Bischoff et al. (2019) estimate a much higher 

daily energy consumption of 150  GWh to electrify the Swedish vehicle fleet alone. This 

accounts for around 40% of the current total consumption, and 167% more than the result 

from EVPDM. The additional demand can pose severe impacts on the energy system and 

exceed the available supply. The difference in results is possibly due to the use of fast 

charge and dynamic charging (charging while driving), which means EVs are charging all 

the time. On the other hand, instead of relying on existing data, they created a model that 

calculates the energy consumption of EV from scratch; while the EVPDM is based on 

laboratory-tested data from WLTP. 

  On the other hand, Rossbach’s research indicates a 616 GWh yearly electricity 

consumption for 1 million EVs (75% PHEV, 25% BEV). The peak load from EV charging 

ranged from 136 MWh (Summer, weekday scenario) to 165 (Winter, weekend scenario), 

which happens between 20:00 and 22:00. Higher consumption at weekend and in winter 

can be seen (Rossbach, 2015). Although Rossbach’s study only focuses on a smaller scale 

of vehicle electrification with a mix between PHEV and BEV, the variety of scenarios 
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creates several pathways for future development and indicates a more accurate 

consumption at different times. 

5.3.2. Limitations and implication 

The EVPDM is a simplified model that can calculate the consumption from an EV fleet 

with simple data input. Therefore, some factors are not considered in the model but may 

be added in the future. For example, there was only one sample model per vehicle type in 

the vehicle fleet to simplify the calculation, which may not be accurate enough to represent 

all models in a type. For a more accurate estimation, the data from several models can be 

combined with a certain proportion that resembles their market share in Sweden. 

 As for the calculation, some energy losses from the charging process are ignored 

due to time constraint, which can lead up to a 5-6% increase in demand (Knez, Zevnik and 

Obrecht, 2019). However, it differs with different EV chargers. 

 Lastly, there are some unused potentials for charging scenarios. For example, the 

difference in weekday and weekend or summer and winter can impact the demand at 

different levels, which can be found in 5.2.1. Comparison to other studies (Rossbach, 

2015). As for the smart charging scenarios for this study, it shifts the demand to smooth 

out the peak load from EV charging. However, in a more realistic scenario, the demand 

shift is more likely depending on the hourly load from other sectors (network-oriented) or 

the availability of renewable power plants’ capacity (Renewable energy-oriented), instead 

of focusing only on the demand in EV charging. 

The EVPDM is a simple tool in excel that can estimate the demand from a group 

of electric vehicles by just input some basic values. The model can be used to estimate a 

general consumption and electricity load from an EV fleet, which may be used for 

reference in initial policy planning and future prediction.  
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CHAPTER 6. CONCLUSIONS 

 

Sweden is one of the countries that have an increasing market share in electric vehicle 

(EV). The increasing number of EVs, especially battery electric vehicles (BEVs) leads to 

an increasing demand for electricity while reducing the use of petrol and diesel. Therefore, 

the energy system has experienced a change in demand, which is tightly connected to the 

supply. With these facts in mind, the paper purposed a full electrification of the Swedish 

vehicle fleet with four different charging scenarios to identify the energy consumption, 

power demand, and hourly load from EV charging. An Electric Vehicle Power Demand 

Model (EVPDM) is designed to calculate these numbers. 

Through the EVPDM, the estimated yearly electricity consumption from the EV 

fleet is 20.4 TWh, which equals 55.9 GWh per day. This adds to a total of daily electricity 

consumption at 380 GWh, where the EV fleet accounts for 14.7% of consumption. On the 

other hand, the electrification saves the use of petrol and deiseal up to 60 TWh. 

Looking at the hourly consumption through DC and AC charger scenarios, the 

average peak load is around 16.2 GW in summer and 24.3 in winter, which is quite 

manageable for the current available capacity (27.1 GW) most of the time. However, there 

is a risk of running out of operating capacity during winter or extreme weather condition, 

which the demand can increase up to 27.6 GW. Moreover, the increasing share of 

renewables in the system also adds to the occurrence of supply intermittency (Svenska 

kraftnät, 2021a). Therefore, smart charging is required to balance the demand and supply. 

With the use of smart charging, the model shows a potential of 2 GW decrease in EV 

charging demand during peak hours, but the actual effect of such implementation requires 

a better investigation on the energy grid load and EV demand. 

To conclude, the Swedish power generating capacity is just sufficient enough for 

the electrification of the vehicle fleet, but an increase in available capacity or smart 

charging solutions during winter is essential to ensure the country’s power adequacy. The 

EVPDM is designed as a simple tool to estimate the energy consumption and power 

demand from an EV fleet, by just simply input vehicle data. The EVPDM can be used as 
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a research or decision-making tool to estimate the impact of a group of electric vehicles 

and therefore, contribute to the development of the sustainable energy transition. 
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