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Abstract 

Power and energy tariffs and their pricing are a vital component which form the main source of 

income for all actors in the energy industry. Different methods of how to price the energy have 

been proposed and implemented through the past century, each with its respective advantages 

and disadvantages. However, in the recent decades, interest has turned towards having power-

based tariffs, since it’s the power dimensioning that counts for the majority of the costs.  

 

Sala-Heby Energi Elnät AB is local, publicly-owned Swedish distribution system operator which 

has been using a power-based tariff system for the last 15 years. That being said, the company 

has an upper limit for their net income which should not be overpassed. With the ongoing energy 

transition, where the number of electric vehicles in circulation is going up, and more customers 

turning towards residential micro-production, such a tariff might require modifications. In 

addition, a look on how the demand will evolve will be needed to see if the grid could handle 

such a transition. 

 

In this paper, a thorough study is conducted on how the energy transition would look like in Sala, 

Sweden, and what Sala-Heby Energi Elnät AB would expect. A simulation of the total 

residential load curve of the city is developed and ran via MATLAB and consumption data 

offered by Sala-Heby Energi Elnät AB. It involved generating an average residence based on the 

fuse size, which would yield the annual consumption profile to be used. The simulations were 

also done for several scenarios of different electric vehicle charging routines. They also take into 

account several residential PV systems coverages in the said city. 

 

Depending on which scenario, a rise or a drop in the net income is recorded. Modifications to the 

power tariff are explored based on that would help counter the fluctuations in the income, and 

simulated to track their effect. Another aspect that is studied is the subscription capacity to the 

grid by the operator to the respective power generation. Depending also on the scenario, various 

excessive consumptions peaks are recorded, which could pave the way to more difficulty in 

handling the grid. 
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Chapter 1 

Introduction 
 

 

With the ongoing fourth industrial revolution, and the shift towards digitalization and automation, 

the demand for energy supplies is forecasted to increase exponentially. Sweden, a country that is 

in the lead of this transition, is also expected to see an increase in its demands. However, in 

Sweden, the problem to-be-faced is not that of energy generation, but rather that of distribution. 

The majority of the energy produced in Sweden is located in the northern regions of the country, 

where as the bulk of the economic activity is located more towards the middle and southern 

regions. [1] 

 

The growing demand of energy is balanced out by the increased generation, especially that from 

wind power plants, but eventually, the grid connection between the generation plants and the high 

consumption regions will bottleneck, which would lead to severe socio-economic losses. These 

losses are expected to cumulate to 150 billion SEK by 2030, if the grid capacity problem is not 

solved by adding as much as 16 GW of connection capacity. [2] 

 

Sala, a city located in the Västmanland county, is forecasted to see an increase in its energy 

demands. Like most cities in that region, Sala receives its demand from the energy suppliers in the 

north, via a local distribution system operator. One of the main contributors for this demand 

increase in Sala is expected to be from the energy transition. This is in the form of the heavy 

utilization of electric vehicles in the city, but also installation of micro-production facilities, 

particularly residential PV systems, which could help in easing the loads on the grid. 

 

1.1 Background Information 
 

In the energy industry, the retail price of power is vital parameter which has wide effects, from 

guiding investment decisions, to being a critical aspect for cost recovery. It also allows customers 

to optimize their utilization of their installed capacity, which would play a vital role in the stability 

and balance of the grid. However, finding the retail price is anything but an easy process. A lot of 

aspects such as substantive fixed costs, as well as the daily and seasonal variations, in addition to 

the geographic location, must be taken into consideration when trying to create an optimal tariff 

model. Depending on these parameters, several different tariff models have been in use in different 

places and by different companies within this domain. 

 

Sala-Heby Energi Elnät AB (SHE Elnät) is a local power company owned by and situated in Sala 

and Heby municipalities. SHE Elnät is responsible for the operation and construction of the 

electricity grid in most parts of these municipalities. 

 

Today SHE Elnät applies a power-based tariff on most of their grid connected customers, the 

exception being apartments which have an energy tariff. SHE Elnät takes the mean of the three 

highest hourly mean power values which occur on weekdays between 07.00-19.00. This mean 

value is the basis for the power that SHE Elnät will base their bill to the customer on. 
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By definition, power is the amount of energy transferred per unit of time. However, since the 

power-based tariff of SHE Elnät, takes the highest hourly mean power, which is the energy 

consumed over a one-hour interval, then this technically represents the power utilized by the 

customer in that period.  

 

The current power tariff model has two main goals. The first is to be able to cover all the expenses 

and budget costs incurred by the company and its activities. The second is to encourage the 

customers to try and shift their loads more towards nighttime, as well as weekends. This is due to 

the fact that the grid usually experiences its highest peaks during daytime throughout the 

weekdays.  

 

However, this situation is changing. The introduction of PV systems, which produce their peak 

during noon are decreasing the typical loads during the day required from the grid. Also, the 

increasing number of EV charger installations, which would be activated during the night, based 

on the incentive of the current tariff, are forecasted to create new peak loads during the night time. 

 

1.2 Project Objective 
 

The main objective of this project is to assess whether the current power tariff model utilized by 

SHE Elnät will still be efficient with the ongoing and growing energy transition, taking place in 

the form of installation of micro-generation systems (rooftop PVs), as well as the increase of 

number of electric vehicles. If the current model is found to be inefficient and unable to defray the 

expenses of SHE Elnät, a new model will be drafted that can satisfy all the needs. 

Research questions addressed in this study, which would help in reaching the goal include:  

- How will the increase of electric vehicles in circulation as well as the installation of 

residential micro-production facilities play into the consumption profiles? 

- Will the grid be able to handle such an increase due to the energy transition? 

This objective can be adhered to the S.M.A.R.T. criteria, which helps in displaying its 

effectiveness 

- Specific: To find the best power tariff model for the future 

- Measurable: Based on the consumption, revenue, and costs 

- Attainable: Relevant simulations and analysis will yield all needed results 

- Relevant: This project is both relevant to SHE Elnät’s industry and the energy 

technology degree project 

- Time-Bound: The project should be finalized by June 15th, 2021 
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Chapter 2 

Literature Review 
 

 

Before going into the model used by SHE Elnät, a study about the different existing tariff models 

is conducted, as well as about the effect of integrating residential PV and home charging stations 

for electric vehicles. This information would be used later when working on a draft for a new 

power tariff model 

2.1 Marginal Cost Pricing 
  

Marginal cost pricing is considered to be one of the most basic methods of pricing. In essence, this 

method states that the amount paid by the customers is equal to the cost of supplying. When 

customers are charged with this cost, they would purchase the optimum quantities, while also 

maximizing their satisfaction. In such a system, the price signals are the same as the marginal 

costs. However, when it comes to the power sector, it is considered to be very difficult to accurately 

determine the marginal cost of distribution to the different end user types. [3] 

This factor has made the method of marginal cost pricing to be deemed unfeasible and undesirable 

when it comes to the distribution sector. It can also be said that marginal cost pricing is not 

adequate to raise enough revenue to cover the costs of providing the service. Today, private firms 

wouldn’t willingly agree to work with such a pricing, and public entities would require a lot of tax 

revenues to make-up for the losses incurred between their revenues and costs. [4] 

 

2.2 Two-Part Tariffs 
 

First proposed by R.H. Coase in 1946, the two-part tariff argues that consumers purchase the 

commodity at marginal cost, in addition to paying a fixed amount for the privilege of buying the 

commodity at marginal costs. The fixed costs are set to be equal to the losses that the firm incurs 

as a result of the marginal cost pricing. [5] 

However, this model faces distributional obstacles. It is believed that large bill changes to 

customers will be caused, and result in adverse income distributional consequences. This would 

be true if all customers were applied the same access fee (assumed that all are in the same customer 

class). Nonetheless, the access fee can be assigned in several ways that satisfy the customers’ 

demands, and preserve their set inelastic responses. [4] 

 Also, another concern is that marginal costs are very volatile which could drastically effect 

the bill within the same customer class. The costs are sensitive to several factors that could range 

from weather conditions, and to raw material prices. However, studies showed that the volatility 

of the marginal costs have had a really small changes in the bills of low-consuming customers. [4] 
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2.3 Stepwise Power Tariff 
 

The stepwise power tariff is nonlinear prices model which is similar to the concept of progressive 

tax rate applied to the income of individuals. In this tariff model, the greater the electricity 

consumption, the higher the unit price will be. The main advantage of this model is that it highly 

encourages the consumers to have a more rational consuming behaviors, which in turn decrease 

the overconsumption of electricity. This model has been in use for some time in several cities and 

governates in China. [6] 

 
Figure 1: Schematic of the stepwise power tariff 

 

Figure 1 above gives an idea of how the stepwise power tariff model works. The clearing price of 

the month is then determined by the following formulation: [6] 

 

 𝐶 = (𝑝1 × 𝑠1) + 𝑝2(𝑠2 − 𝑠1) + 𝑝3(𝑞 − 𝑠2) (1) 

 

 

However, it’s worth noting that in countries with sufficient electricity supply and ones that are ran 

by deregulated markets, if a consumer purchases more energy, they would be given a lower price, 

making this model only applicable for regulated markets. In general, his model allows lowering 

the average electricity by consumers, but results in an overall higher payment by residential 

consumers. [7] 

 

2.4 Time-of-Use Pricing 
 

TOU pricing is a model that offers time-differentiated pricing schemes. The rates vary according 

to time-of-day, day type (weekdays, weekends, and holidays), and the season. Usually, the higher 

rates are applied in the peak demand intervals, whereas the lower rates are charged during off-peak 

intervals. The main benefit of this model is that it signals the consumers to shift their energy use 

from peak to off-peak hours, that way helping in maintaining the grid stability, and saving money 

for consumers. [8] 

Opposite to the STP, the TOU tariff brings out higher average electricity consumption, but lower 

the costs paid by the residential consumers. [7] 
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2.5 Power-Based Tariff 
 

Since most of the network costs depend on the network capacity and the peak powers, which 

network dimensioning depends on, then a power-based tariff can be assumed to be the most 

optimum distribution tariff. Having such a system is proven to be very cost-reflective, mostly from 

the DSO’s perspective. Electricity distribution network planning is typically based on peak 

powers, and thus, an ideal pricing scheme should be based on peak powers. [9] 

One of the methods of the power-based tariff is the power band pricing method. In this method, a 

customer has a predefined power limit, which the highest mean hourly power is the basis for it. 

Such a method would encourage the customers to reduce the subscribed power, which would make 

the loads more evenly distributed. In this case, the customer would be paying for the proportion of 

the total network they utilize. [10] 

 

 
Figure 2: Example of the possible power bands and the customer’s load profile 

 

With such a system, customers would have an incentive to decrease their highest loads. Such a 

system would also produce an incentive to motivate the investments and advancement of smart 

grids. One way of doing that is the use of energy storages to cut down on the usual peaks, which 

would also ultimately make storages also cheaper. [9] 

 

2.6 Homeflex Tariff Structure 
 

Homeflex tariff structure is a hybrid model which compromises a service charge, network charge, 

and TOU energy rates. A service charge is usually a fixed cost determined by the company which 

would be depending on the type of consumer (residential, industrial, retail…). The network charge 

is also a fixed cost but that depends on the capacity of the customer through their amperage or their 

installed main fuse. The last aspect which is the time-of-use energy rate depends on the time of 

day of the energy consumption. This can be two parts (peak and off-peak rates) or three parts 

(peak, standard, and off-peak rates). [11] 
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2.7 Load Demand due to EVs 
 

The number and variety of electric vehicles that getting connected to the grid is increasing rapidly, 

and is expected to keep going on with this trend. This can be attributed to the several incentives 

given to people to switch towards electric vehicles for environmental concerns. Studies concluded 

that large-scale adoption of EVs is going to have a substantial effect on the national power 

generation and distribution systems. [12] 

One thing that has to be taken into account in this study is the effect of the EV on the current power 

tariff model applied. The study will need to find the electric consumption of the EVs and the times 

in which they are plugged in. [12] 

 

 

Figure 3: Charging profile of GM EV 1 battery (lead-acid) 

 

Figure 4: Charging profile of Nissan Altra battery (lithium-ion) 

Figures 3 and 4 above show us the expected power demand of different batteries in different EV 

brands. There are 4 scenarios that can be considered when studying the effect of EVs on the grid.  

The scenarios include: [12] 

- Uncontrolled domestic charging, where all EVs are charged during peak hours when 

consumers return home 

- Uncontrolled domestic off-peak charging, where the price of electricity consumed affects 

the time of charging 

- Smart domestic charging, which is a future case where smart metering and advanced 

communications are utilized in order to organize the charging of EVs 

- Uncontrolled public charging, where EV owners charge their vehicles in both home and 

workplace. This scenario is currently the most realistic one among all. 
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In this study, it would be done with uncontrolled domestic charging and uncontrolled public 

charging scenarios. That is to take the extreme case to see how the tariff system would be affected 

when all citizens charge around the same period, and how it would be if the system was more 

organized. 

 Some the assumptions for the uncontrolled domestic charging would include that half 

privately owned EVs would charge once every two days, while the remaining ones and the 

company-owned EVs are charged on daily basis. There would be an interval assumed in which all 

charging starts, and ends depending on the battery characteristics. 
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Chapter 3 

Methodology 
 

 

In order to forecast and visualize how the energy transition would affect the consumption for Sala, 

several factors and assumptions have to be taken into account, in order to formulate a 

comprehensive model for this purpose. 

 

3.1 Residence Model 
 

3.1.1 Average Residence Model 

The first step is to find average consumption of the subscribed residences to SHE Elnät. This is 

done by calculating the average of the hourly consumption of the residence based on their category. 

The category is classified based on the size of the main fuse of the residence, and whether they are 

connected to the district heating network or not. This would yield six different group of residences, 

which are: 

1. 25A main fuse with district heating 

2. 25A main fuse without district heating 

3. 20A main fuse with district heating 

4. 20A main fuse without district heating 

5. 16A main fuse with district heating 

6. 16A main fuse without district heating 

Based on data provided by SHE Elnät about their customers subscribed to the power tariff, each 

average residence was calculated using approximately 15-20 real life residences within each 

category. 

 

Once the consumption of an average residence is found, this paves the way to calculate the bills 

yielded by the customers. The bill is found using the current power tariff model employed by SHE 

Elnät. 

3.1.2 Overall Region 

A region with multiple houses is simulated using MATLAB. Based on data given by SHE Elnät, 

the division of residences is as follows: 

- 25A Residences: 26% 

- 20A Residences: 22% 

- 16A Residences: 52% 

Also, it is assumed that approximately 25% of all the customers are connected to the district 

heating, which we would assume is one-fourth of each group. 

The total number of residences is given to be 4296 which corresponds to the number of residences 

in Sala.  
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3.2 SHE Elnät Finances 
 

3.2.1 Power Tariff 

As stated previously, SHE Elnät’s tariff is calculated by taking the mean of the three highest hourly 

mean power values for each month, that occur on weekdays between 07.00-19.00. Table 1 shows 

the prices depending on the time of year and main fuse size. [13] 

Table 1: Power tariff of SHE Elnät 

Main Fuse (A) Annual Fee (SEK) Power Fee (SEK/kW) 

16 1600 135/56 

20 2500 135/56 

25 3250 135/56 

 

The two values in the power fee are utilized depending on which month of the year it is. For the 

months spanning from April to October, the 56 SEK/kW is used, and for the remaining months, 

the 135 SEK/kW is used instead. 

The annual bill can be found using the following formulation: 

 

 

 
𝐴𝑛𝑛𝑢𝑎𝑙 𝐵𝑖𝑙𝑙 = ∑ (

𝑎1 + 𝑎2 + 𝑎3

3
× 𝑃𝐹)

12

𝑚=1

+ 𝐴𝐹 

 

(2) 

 

Where m corresponds to the month (January=1; February=2…). PF is the power fee corresponding 

to the given month, AF is the annual fee based on the residence’s subscription, and a1, a2, a3 are 

the three highest hourly values for the corresponding month. 

 

The calculation is done by using a secondary script on MATLAB which calculates the annual bill 

of any residence based on their consumption. 

 

3.2.2 Energy Expenses 

As previously mentioned, being a distribution system operator, SHE Elnät has several different 

expenses that are to be paid to the electricity generator. The company is considered to be part of 

southern Sweden, and is subjected to T1 tariffs. Table 2 below summarizes these expenses. [14] 

Table 2: Expenses paid by SHE Elnät 

Fixed Annual Fee (SEK) 1,160,000 

Power Capacity Fee (SEK/kW) 30 

High Load Time Fee (öre/kWh) 8.6 

Low Load Time Fee (öre/kWh) 1.3 

 

It is worth noting that in the official pricing, the power capacity fee is actually 124 SEK/kW, but 

SHE Elnät has a special agreement with Vattenfall which keeps this fee instead at 30 SEK/kW. 
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SHE Elnät has different power capacities for different locations. However, such information is 

considered to be confidential, which is why the said value won’t be disclosed in this paper. As for 

the high load time, this corresponds to the months that span from November to March, and from 6 

to 22 during weekdays. All other times and days are subjected to the low load time fee. 

3.2.3 Excess Capacity Costs 

Since SHE Elnät has a fixed power capacity subscription, the peak consumption should not exceed 

this value. However, in some situations, depending on the time of day, it would. When such a 

situation happens, a fee is incurred on SHE Elnät.  

 

The fee takes the highest hourly energy consumption of two month during the year, which are 

beyond the capacity subscription, and their average multiplied by the 1.5 of the power capacity fee 

(45 SEK/kW). 

 

It is also worth noting that SHE Elnät receives 4 MW of power from the district heating plant 

which is operated by SHE AB. This subscription has a fixed cost which is paid internally between 

SHE Elnät and SHE AB, and therefore it won’t be counted for. 

 

3.2.4 SHE Elnät Total Expenses 

Once all these parameters are determined, the total expenses can be calculated by the following 

formulation: 

 

 

 
𝑇𝑜𝑡𝑎𝑙 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠 = ∑ ∑(𝐸 × 𝐿𝐹) 

24

ℎ=1

365

𝑑=1

+ 𝐹𝐴𝐹 + (𝑃𝐶𝐹 × 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦) + 𝐸𝐶𝐶 

 

(3) 

 

Where E is the total energy consumed during the given hour. LF is the load fee depending if it is 

during the high or low load period. FAF is the fixed annual fee, PCF is the power capacity fee, 

capacity is the subscribed power capacity, and ECC is the excess capacity costs. 

 

3.2.5 PV Production Costs 

Customers who have a residential PV system installed can get paid for the excess energy they 

produce, and that gets sent back to the grid. The rate for this is given to be 4.8 öre/kWh. 

 

3.3 EV Integration 
 

As mentioned in chapter 2, two profiles for EV charging are to be taken into account, that are for 

the lithium-ion battery, and for the lead acid ones. The charging profile would be added to the 

consumption profile of a residence, and the time of start of charging would be determined by which 

scenario is being utilized. Since it is beyond the scope of this report to figure out the potential 

charging habits of customers, three start time of charging scenarios will be taken into account. In 

all scenarios, the peak charging time is considered to be at 19:00, since that is the time when billing 

stops, to see how this would affect the expenses and revenue. 



11 

 

3.3.1 Concentrated Charging 

In this scenario, it is assumed that all EV of the customers start charging at the same time every 

day. This is to see how drastic the situation could get. The figure below represents the given data 

 

 
Figure 5: Concentrated distribution charging scenario 

 

3.3.2 Normal Distributed Charging 

In this scenario, it is assumed that there are a number of EVs charging almost every hour 

throughout the whole day, with majority charging in evening hours, and the peak being at 19:00. 

This scenario could be the closest to a real-life situation. The normal distribution follows the 

following formulation: 

 

 
𝑓(𝑥) =

1

𝜎√2𝜋
𝑒

−(𝑥−𝜇)2

2𝜎2  

 

(4) 

 

Where the two parameters σ and μ are taken to be 4 and 1 respectively. 

The figure below represents the distribution of such a scenario. 

 

 
Figure 6: Normal distribution charging scenario 
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3.3.3 Weibull Distributed Charging 

In this scenario, it is assumed that the majority of the EVs are charging in the evening time, and 

mostly outside the billing period. This scenario could be potentially accurate, if the customers all 

try to stick to the billing hours, and utilize them as best as they could. The formulation used for 

the Weibull distribution is given by: 

 

 

 𝑓(𝑥) =  
𝑏

𝑎
(

𝑥

𝑎
)

𝑏−1

𝑒−(
𝑥
𝑎

)
𝑏

 

 

(5) 

 

Where the two parameters a and b are assumed to be 4 and 2 respectively. 

The figure below represents the distribution of such a scenario 

 

 
Figure 7: Weibull distribution charging scenario 

 

The parameters a, b, μ, and σ were chosen by trial and error. The distribution graph seen in figure 

7, was inspired by those in the paper “Modeling of Load Demand Due to EV Battery Charging in 

Distribution Systems” in order to obtain a similar distribution, and on the concept that that charging 

is spread out during the whole day with a specific peak. Figure 6 was obtained by having the aim 

that most of the charging time is at a specific point (19:00) or beyond, with a small number of the 

points being before that. 

3.3.4 Number of EV 

One main challenge is determining the number of EV that will be present in Sala. In order to figure 

this out, the forecast for the total number of battery EV in all of Sweden was taken from Power 

Circle’s database, and then by following the population growth forecast of Sweden and Sala 

specifically, it can be used to estimate the number of EVs in Sala. [15] 

Since no population growth forecast for Sala exists, the values were derived based on the current 

population, and the growth rate for all of Sweden. 

Table below sums up all the results and values calculated [16] 

 

 



13 

 

Table 3: Forecast for EV in Sweden and Sala 

 

Year BEV Sweden Pop Pop:EV Ratio Sala Pop Sala EV 

2019 35,873.00 10,000,000.00 278.7 13,000.00 46.63 

2020 51,315.00 10,100,000.00 196.8 13,608.00 69.14 

2021 83,391.00 10,200,000.00 122.3 13,743.00 112.36 

2022 136,135.00 10,200,000.00 74.93 13,743.00 183.42 

2023 212,935.00 10,300,000.00 48.37 13,877.00 286.88 

2024 328,135.00 10,300,000.00 31.39 13,877.00 442.09 

2025 480,135.00 10,384,831.00 21.63 13,991.00 646.86 

2026 671,498.00 10,400,000.00 15.49 14,011.00 904.65 

2027 897,276.00 10,500,000.00 11.70 14,145.00 1,208.76 

2028 1,149,783.00 10,500,000.00 9.13 14,145.00 1,548.92 

2029 1,421,204.00 10,600,000.00 7.46 14,279.00 1,914.47 

2030 1,705,143.00 10,629,973.00 6.23 14,319.00 2,296.90 

 

In this report, the simulations will be done for the year 2025 and 2030. In addition, a third case 

will be simulated which is when the number of EVs is equal to the number of residences in Sala, 

which corresponds to 4296 EVs. 

 

 

3.4 PV Calculations 
 

In order to integrate the concept of residential PV into the houses, several parameters have to be 

determined or assumed. 

 

3.4.1 Orientation Assumptions 

One of the most important parameters for finding the PV production is determining the 

orientations. By looking through satellite maps of Sala, we find that most residences have the 

typical inclined rooftop, which usually has an angle between 25⁰ and 35⁰. Therefore, it is assumed 

that all PV installations would have a tilt of 30⁰. 

 

As for the azimuth, the rooftops had several different orientations. This led to figuring the three 

most common rooftop orientations, which were found to be: 

1. Azimuth of 70⁰ East 

2. Azimuth of 22⁰ East 

3. Azimuth of 22⁰ West 

We assumed that the residences fall into each case equally. 
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3.4.2 Production Estimation 

With the orientation angles determined, and taking into consideration, based on data by SHE Elnät, 

that the average installed rated power is 10 kWp, the estimation of the production can be calculated. 

Extra information required includes the annual weather conditions, which was gathered from 

online databases [17].   

 

In order to estimate the production, the following formulations were used: 

 

Module efficiency at STC: 

 𝜂𝑠𝑡𝑐 =
𝑃𝐷𝐶,𝑠𝑡𝑐

1000 × 𝐴𝑚𝑜𝑑𝑢𝑙𝑒
 (6) 

 

Module efficiency at ambient temperature: 

 𝜂𝑡𝑒𝑚𝑝 = 𝜂𝑠𝑡𝑐 × (1 + 𝛼𝑡𝑒𝑚𝑝 × (𝑇 − 25 + 𝐺𝑇 ×
(𝑇𝑁𝑂𝐶𝑇 − 20)

800 × (1 − 𝜂𝑠𝑡𝑐)
)) (7) 

 

DC power output of the array: 

 𝑃𝐷𝐶 = 𝜂𝑡𝑒𝑚𝑝 × 𝐺𝑇 × 𝑁𝑚𝑜𝑑𝑢𝑙𝑒𝑠 × 𝐴𝑚𝑜𝑑𝑢𝑙𝑒 × (1 − 𝐿𝑜𝑠𝑠𝑠𝑦𝑠𝑡𝑒𝑚) (8) 

 

AC output of the system: 

 𝑃𝑜𝑢𝑡𝑝𝑢𝑡 = 𝑃𝐷𝐶 × 𝜂𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟 (9) 

 

Where, PDC,stc is the rated power of the module (W), Amodule is the area of the module (m2), αtemp is 

the temperature coefficient of efficiency (/℃), T is the ambient temperature (℃), TNOCT is the 

nominal operating cell temperature (℃), Nmodules is the number of modules, Losssystem represents 

the additional of system losses, inverter corresponds to the inverter efficiency. 

 

GT corresponds to the global irradiance on the PV modules. This value is calculated using the 

weather conditions, location of the Sala, and with the tilt and azimuth angles. 

 

It was assumed that the customers will have a PV system made up of 1 m2 modules, with a rated 

power of 250W. In order to have a 10 kWp rated system, this would require installing 40 modules, 

which is what has been followed in this case. 

 

The values used for the parameters mentioned above are tabulated below 

 
Table 4: PV system parameters 

Parameter Value Unit 

PDC,stc 250 W 

Amodule 1 m2 

αtemp -0.0047 /℃ 

TNOCT 47 ℃ 

Nmodules 40 - 

Losssystem 0.05 - 

inverter 0.98 - 
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By doing so, and using a MATLAB script, the annual production for each case was calculated, and 

then used to be subtracted from the average residence model consumption profile. If the value at a 

certain hour goes negative due to high production, then this would be assumed as energy sent back 

to the grid by the customer, to which they will be paid for.  

 

The figures below represent the annual hourly energy produced by the PV system for each case. 

Case 1 refers to the system with an azimuth of 70⁰ east. 

Case 2 refers to the system with an azimuth of 22⁰ west. 

Case 3 refers to the system with an azimuth of 22⁰ east 

 

 
Figure 8: Power production for case 1 PV system 

 

 
Figure 9: Power production for case 2 PV system 
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Figure 10: Power production for case 3 PV system 

 

From a general look at the figures, it is seen that the production rate is almost the same. When the 

sum of all the total production is calculated, we get the following: 

 

Total energy produced for case 1 PV system: 8,729.45 kWh 

Total energy produced for case 2 PV system: 10,042.8 kWh 

Total energy produced for case 3 PV system: 10,072.38 kWh 

 

3.4.3 PV Distribution 

Since there were no studies which would concretely show the forecast of the installation of 

residential PV, the best solution was to run different simulations with different number of PV 

systems installed for each scenario. The simulations were ran, with the assumption that 20%, 40%, 

60%, 80% or 100% of the residences own a PV system. Similar to the district heating, the 

percentage of PV coverage was distributed equally among all the residence categories. 
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Chapter 4 

Results & Discussion 
 

 

After the finalization of the MATLAB model, several simulations were ran for every possible 

scenario and case to studied. The results are shared below. 

 

4.1 Base Case 
 

The base case was ran at first in order to have a control value which could be used to compare all 

results to. In this case, it was considered that no residence has EV or a PV installation. 

 

4.1.1 Residence Profiles 

By finding the consumption profiles of an average residence for each category, this opened the 

path towards also finding the annual bill for each residence. The figures below show the annual 

consumption of the average residences, and table 4 below describes these results. 

 
Table 5: Bills and Consumption of different residence categories 

 

Residence Category Annual Consumption (kWh) Annual Bill (SEK) 

25A without DH 17,914.476 6,939.55 

25A with DH 9,977.096 5,664.97 

20A without DH 15,136.602 5,921.19 

20A with DH 8,041.427 4,095.52 

16A without DH 9,750.442 3,857.31 

16A with DH 7,689.447 3,399.51 
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Figure 11: Annual consumption profile for 25A residences 

 

 

 

 

 
Figure 12: Annual consumption profile for 20A residences 

 

 

 

 

 
Figure 13: Annual consumption profile for 16A residences 
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4.1.2 Simulation Results 

After running the simulation with these numbers and conditions mentioned earlier, the following 

results were obtained: 

• Total Expenses = 3,574,508.08 SEK 

• Total Revenue = 20,925,724.43 SEK 

• Net Income = Total Revenue – Total Expense = 17,351,216.35 SEK 

The net income in this report does not mean the gross income, as this number is still subjected to 

other costs such as salaries, investments, maintenance costs… But the target of all this study is to 

try and maintain this approximate income value so that SHE Elnät can keep on covering all its 

necessary costs. 

 

4.2 EV & PV Scenarios 
 

4.2.1 Concentrated Charging 

As stated previously, the concentrated charging is a drastic scenario where all EVs charge at the 

same time every day, and outside the billing hours (19:00 – 7:00). 

 

 
Figure 14: Net income for different concentrated charging scenarios 

 

The figure above shows how as the number of EV’s increases; the net income is also subjected to 

decrease. The same is also seen as the number of PV installations increase, since this directly 

affects the revenue stream. It can be seen that the worst-case scenario is when all the residences 

have a PV system and an EV, where the net income is down by approximately 4,000,000 SEK. 
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Another aspect to take into account whether the capacity subscription is exceeded or not. The graph 

below highlights how much extra capacity fees were incurred for each situation. 

 

 
Figure 15: Excess capacity fee variation under different conditions for concentrated charging 

 

From the figure above, it can be seen that as the number of EV increases, the excess capacity fee 

also increases dramatically to reach approximately 800,000 SEK when there is around 4300 EV 

available. This situation could be tackled by increasing the capacity subscription of SHE Elnät, 

but it still has a question whether it would be economically viable to do so in the first place. This 

will be discussed more thoroughly in the upcoming parts. The table below shows the amount of 

energy capacity exceeded based on the method mentioned in section 3.2.3. 
Table 6: Excess Capacity for concentrated charging scenario 

 

PV Coverage Year/Scenario Excess (kWh) 

20% 

2025 0 

2030 6,117.18 

EV/Res 18,671.45 

40% 

2025 0 

2030 5,953.9 

EV/Res 18,346.71 

60% 

2025 0 

2030 5,786.08 

EV/Res 18,052.83 

80% 

2025 0 

2030 5,610.34 

EV/Res 17,728.87 

100% 

2025 0 

2030 5,443.14 

EV/Res 17,479.34 
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4.2.2 Normal Distributed Charging 

With normal distribution, a rise in the net income is expected since a lot of the residences will be 

now billed for charging their EV. 

 

 
Figure 16: Net income for different normal distribution charging scenarios 

 

 

 

 

 

The figure above shows that such a system will have a drastic increase on the net income in the 

years to come. Up to 2025, when the number of EV is around 650, the income is still close to the 

base. However, as for 2030 and the case when number of EV is equal to the number of residences, 

we see that the income is exponentially increasing, a case which also has to be avoided. This is 

because SHE Elnät is a government owned, and they shouldn’t have a big margin of profit. In the 

case of having 20% of residences with PV and maximum number of EVs, we can see that the net 

income increased up to almost 29,000,000 SEK, an almost 12,000,000 SEK increase from the base 

case. 
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Figure 17: Excess capacity fee variation under different conditions for normal distributed charging 

 

 

Table 7: Excess Capacity for normal distribution charging scenario 

PV Coverage Year/Scenario Excess (kWh) 

20% 

2025 0 

2030 0 

EV/Res 4,001.31 

40% 

2025 0 

2030 0 

EV/Res 3,566.86 

60% 

2025 0 

2030 0 

EV/Res 3,237.38 

80% 

2025 0 

2030 0 

EV/Res 3,023.98 

100% 

2025 0 

2030 0 

EV/Res 2,849.57 

 

From the above data about the capacity, it can be seen that in the case of the normal charging 

distribution, the capacity is not a major component in the expenses. This is due to the fact that the 

charging of EVs is well spread throughout the whole day, and thus preventing drastic peaks from 

taking place. 
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4.2.3 Weibull Distributed Charging 

Similar to the normal case, rise in the net income is also expected to be seen, although not as drastic 

as that of the former. The Weibull scenario involved the distribution to be centered at 19:00. 

 

 
Figure 18: Net income for different Weibull distribution charging scenarios with peak at 19:00 

 

It can be seen in this case, since the majority of the EVs are being charged outside the billing hour, 

there is still an increase in the income, but it is more reasonable. For the year 2025, when the 

number of EVs is around 650, the net income is almost same as that of the base case, but that also 

changes to reach an average difference of about 5,000,000 SEK in the extreme case. 
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Figure 19: Excess capacity fee variation under different conditions for Weibull distributed charging 

 

 
Table 8: Excess Capacity for Weibull distribution charging scenario 

PV Coverage Year/Scenario Excess (kWh) 

20% 

2025 0 

2030 1,997.20 

EV/Res 12,115.67 

40% 

2025 0 

2030 1,645.21 

EV/Res 11,683.58 

60% 

2025 0 

2030 1,346.08 

EV/Res 10,992.29 

80% 

2025 0 

2030 967.69 

EV/Res 10,543.73 

100% 

2025 0 

2030 773.33 

EV/Res 10,728.92 

 

In this Weibull distribution charging scenario, we can see that the excess of capacity is more 

frequent than that of the normal distribution, but is not as drastic as in the case of concentrated 

charging. 
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4.2.4 Discussion 

The first set of data shared in the previous part shows the net income will face drastic fluctuations 

in the years to come. This brings us to discussion from the first chapter, where it has become 

apparent that the current power tariff model utilized by SHE Elnät will not be sufficient in 

maintaining their income for the years to come, as the energy transition progresses. To tackle this 

situation, new tariff model plans will have to be implemented. 

 

 

4.3 Alternate Tariff Models 
 

Before designing a new tariff model, a main thing to be taken into account is that SHE Elnät wants 

to keep the current power-based tariff model in use. This would lead to having three potential 

solutions in tackling the problem: 

1. Alter the power fees in the SHE Elnät power tariff 

2. Add an energy tariff component 

3. Increase the capacity subscription 

 

4.3.1 Concentrated Charging  

By looking at figure 14 in the previous section, it is apparent that this scenario will incur heavy 

losses on SHE Elnät. Even though such a scenario to happen is highly unlikely, it should still be 

tackled. 

 

Since there is a vast decrease in the expenses, it would be best to either increase the power fees, or 

add an energy tariff component. In this scenario, since all the EVs are charging outside the billing 

time, then it would require a vast increase in the power fees in order to compensate for all the 

losses. Therefore, it would be best to add an energy tariff component to the existing power tariff 

model. 

  

By running optimization script where the power fees remain at 135 and 56 SEK/kW, and after 

consultation with relevant experts, it was decided that adding an energy tariff equal to that of the 

PV production fee (4.8 öre/kWh) would be most optimum. Several runs were conducted to see the 

duration to when this tariff can be applied, and it was found that the best case is to have running 

at 24 hours every day. 
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Figure 20: Net income for different concentrated charging scenarios after modification 

 

 

Figure 21 above shows how the new power tariff plan would affect the income. It can be seen that 

the gap which previously existed has been vastly diminished, and now the variations are closer to 

the base case. Although there is still a gap for when the PV coverage is at 100%, the values are 

now considered to be much closer and within the margins of profit and loss. 

 

Another possibility is increasing the capacity subscription. However, as seen in figure 15 and table 

5, the incurred losses from the excess reach a peak of around 800,000 SEK. If the grid were able 

to modify their capacity and increase it by around 18 MW, which corresponds to the average 

excesses happening, SHE Elnät would then have a higher capacity fee to pay (43 MW multiplied 

by 30 SEK/kW). With the calculations done, this would ultimately only save around 200,000 SEK. 

A possible result would be to create a combination of both, capacity increase, and power-based 

and energy tariff system. 

 

4.3.2 Normal Distributed Charging  

In figure 15, it is seen that for year 2025, the net income is within the margins of the base case, but 

for year 2030, and when taking the scenario of 1 EV/Residence, we can that the increase in the net 

income is exponential.  

 

We can also notice that in the case of the normal distribution, the excess of capacity is quite low, 

and is only seen in EV/Res scenario. Using these conclusions, the best way to modify the tariff 

plan in this situation is to actually decrease the power fee.  
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After several trials and errors, and with the use of optimization, it became apparent that the best 

solution is to alter the power fee for each year and scenario. This means that SHE Elnät has to 

modify their power tariff plan twice as time passes, if such a scenario is considered. The table 

below shows the most optimum power fees to be utilized. 

 

 
Table 9: Modified power fees for different years and scenarios in a normal distributed charging 

Year/Scenario Number of EV Power Fee (SEK/kW) 

2025 647 135/56 

2030 2297 100/40 

EV/Res 4296 80/30 

 

 

 
Figure 21: Net income for modified power tariffs in normal distributed charging 

 

In figure 22, it represents the results obtained when the normal distributed charging system was 

ran with the newly proposed power fees, based on the year (or number of EV). It clearly shows 

that the net income is now well with the range of the base case (~17,300,000 SEK), with the highest 

deviation being around 1,000,000 SEK greater.  

 

4.3.3 Weibull Distributed Charging 

Similar to the normal distributed charging case, when looking at figure 18, for the year 2025, the 

net income is within the margins of the base case, but for the years, it also has drastic overall 

increase.  
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In a similar fashion to section 4.3.2, the best solution for this case is to have a different power fee 

for each year to come (or total number of EVs connected to the grid). The power fees were also 

obtained via trial and error, along with the help of linear optimization. Table 8 below illustrates 

the optimum power fees. 

 
Table 10: Modified power fees for different years and scenarios in a Weibull distributed charging 

Year/Scenario Number of EV Power Fee (SEK/kW) 

2025 647 135/56 

2030 2297 110/45 

EV/Res 4296 100/35 

 

 

 

 

 

 
Figure 22: Net income for modified power tariffs in Weibull distributed charging 

 

In figure 23, it can also be seen that the net income values now are mostly within the range of the 

base case. The increase of PV coverage does cause the revenue to decrease which ultimately causes 

the net income to decrease further as well. But even at 100%, the net income still close to the value 

of the base case, with an offset between 750,000 and 900,000 SEK for the all the scenarios. 
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4.3.4 Discussion 

The previous results show that the problem of the decrease or increase of the net income can be 

tackled by modifying the power tariff plans correctly, and for the correct corresponding period, 

based on the progress of the energy transition. 

 

4.4 Residential Bill Modifications 
 

One thing that has to be taken into account in all these simulations and forecasts, is how the 

customer will perceive these changes. This is done to see how much will the new tariffs actually 

affect them, and if they would still be paying a bill within reasonable prices. 

 

4.4.1 Modified Power Fees for Residential EV 

First step was to assume that each house has an EV which is charging during the billing hours, or 

else the bill would remain the same for if there wasn’t any EV. 

The results are tabulated below 

 

 
Table 11: Residential bills for different tariffs in case of EV (in SEK) 

Residence Category 
Power Fees (SEK/kW) 

135/56 100/40 80/30 110/45 100/35 

25A without DH 13383.69 10663.49 9055.312 11467.58 10349.79 

25A with DH 11909.29 9583.31 8207.325 10271.3 9310.003 

20A without DH 12448.95 9785.672 8215.248 11467.58 9502.447 

20A with DH 10647.14 8457.958 7162.467 9105.704 8198.208 

16A without DH 10505.47 8117.922 6708.061 8822.852 7852.231 

16A with DH 9872.234 7649.968 6335.196 8307.353 7388.023 

 

This shows that the bill for a house with an EV, although its higher since their consumptions have 

increased, is still with reasonable prices for customers. It can also be seen that if the current power 

tariff model of SHE Elnät, the bills are considerably higher than the modification which would 

help in maintaining the income. 
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4.4.2 Modified Power Fees for Residential EV & PV 

Similar to the previous case, the purpose here is to see how the bills would change when both the 

charging regime of the EV, and the production of the PV system are taken into account. The results 

are tabulated below 

 

 
Table 12: Residential bills for different tariffs in case of EV & PV (in SEK) 

Residence Category 
Power Fees (SEK/kW) 

135/56 100/40 80/30 110/45 100/35 

25A without DH 11120.11 8934.787 7650.606 9576.878 8728.135 

25A with DH 9647.854 7833.807 6768.054 8366.684 7663.734 

20A without DH 10085.77 7963.167 6719.349 8585.076 7782.92 

20A with DH 8439.92 6738.24 5737.981 7238.37 6575.662 

16A without DH 8187.789 6320.174 5224.717 6867.903 6155.391 

16A with DH 7676.784 5941.754 4922.091 6451.586 5777.147 

 

 

In table 10, it shows that with a PV system, the bills are decreased even further. Although they are 

still higher than the values seen for the base case such as in table 5, but this is to be expected for 

having a high increase in their consumption.  

 

4.4.3 Discussion 

The results obtained in the two previous table mark the positive side of the modified power tariffs. 

They help in maintaining the net income as seen in section 4.3, and at the same time, keep the 

residential bills of customers at a lower rate than what they would be if the current tariff is kept 

unchanged. 
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4.5 Overall Consumptions and Excess 
 

Another aspect which should be taken into account is the total consumption going through the Sala 

main line, and how much is the capacity being exceeded. The results of the excessive consumption 

shared previously are based on the method used by Vattenfall in order to calculate the extra fees. 

This method only takes the 2 highest values of two month for the whole year, which doesn’t give 

the full image of how much is really being consumed. The figures below were plotted for this 

purpose. In these figures, the real annual consumption for year 2019 is plotted along with the 

simulation results, in order to track how much the consumption would be affected. 

 

4.5.1 Concentrated Charging Consumption 

Using the concentrated charging scenario, where all customers start charging at 19:00, the 

following results were obtained. Two cases were taken into account. The first was for when there 

is no PV coverage, only EV, and the second is when there was a 100% PV coverage along with 

EV. The blue lines represent the annual consumption obtained from simulation while the orange 

lines represent the 2019 total annual consumption of the Sala line. 

 

 
Figure 23: Annual consumption for 2025 under concentrated charging without PV coverage 

  

 
Figure 24: Annual consumption for 2030 under concentrated charging without PV coverage 
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Figure 25: Annual consumption for EV/Res under concentrated charging without PV coverage 

 

 
Figure 26: Annual consumption for 2025 under concentrated charging with PV coverage 

 

 
Figure 27: Annual consumption for 2030 under concentrated charging with PV coverage 
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Figure 28: Annual consumption for EV/Res under concentrated charging with PV coverage 

 

It can be seen from the above results that for year 2025, when the EV count is around 650, that the 

annual consumption is almost the same as that of the real life 2019 data, with a few extra peaks. 

However, for 2030 and the EV/Res scenario, it is seen that the grid is almost constantly in demand 

at a factor between 1.5 and 2 of that of the 2019 annual consumption. Even with the integration of 

PV systems, although the peaks are lowered, and in some cases the energy consumption goes is 

lower than that of 2019 it is still seen that peaks are increasingly exceeding the subscription on an 

almost daily basis. 

 

 

4.5.2 Normal Distributed Charging Consumption 

In this case, the normal distribution for charging was applied, and also simulated for 2025, 2030, 

and EV/Res scenario, for 0% and 100% PV coverage. 

 

 
Figure 29: Annual consumption for 2025 under normal distributed charging without PV coverage 
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Figure 30: Annual consumption for 2030 under normal distributed charging without PV coverage 

 

 
Figure 31: Annual consumption for EV/Res under normal distributed charging without PV coverage 

 

 
Figure 32: Annual consumption for 2025 under normal distributed charging with PV coverage 
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Figure 33: Annual consumption for 2030 under normal distributed charging with PV coverage 

 

 
Figure 34: Annual consumption for EV/Res under normal distributed charging with PV coverage 

 

In this scenario, we find that the forecasted annual consumption will also exceed the 2019 annual 

results. Although it is not as high as that of the concentrated charging scenario, which can be 

attributed to the fact that the charging hours are more spread out throughout the day, the increase 

is still considered to be substantial one.  
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4.5.3 Weibull Distributed Charging Consumption 

In this case, the Weibull distribution for charging was applied, with peak at 19:00, and also 

simulated for 2025, 2030, and EV/Res scenario, for 0% and 100% PV coverage. 

 

 
Figure 35: Annual consumption for 2025 under Weibull distributed charging without PV coverage 

 

 
Figure 36: Annual consumption for 2030 under Weibull distributed charging without PV coverage 

 

 
Figure 37: Annual consumption for EV/Res under Weibull distributed charging without PV coverage 
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Figure 38: Annual consumption for 2025 under Weibull distributed charging with PV coverage 

 

 
Figure 39: Annual consumption for 2030 under Weibull distributed charging with PV coverage 

 

 
Figure 40: Annual consumption for EV/Res under Weibull distributed charging with PV coverage 

 

It can be seen that the Weibull scenario takes a middle ground between that of concentrated 

charging, and normal distributed charging. Nonetheless, the results here show that between the 

year 2030 and EV/Res scenario, the annual consumption will become much higher than what the 

grid sees today, which can strain it, if it is not prepared to handle such levels of demand. 
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Chapter 5 

Conclusion 
 

The energy transition that the world is going through is set to have an immense impact on the 

energy sector, in terms of power pricing, grid capacity, and energy demands. Although it is very 

difficult to predict how the EV charging behavior of customers would be, the three scenarios 

explored throughout this report give some insight in what to expect and how it could potentially 

be tackled. Depending on the scenario, some showed massive increase in the income, while others 

forecasted a decrease, both of which are to be avoided due to the nature of SHE Elnät. 

 

Modifications to the current power tariff of Sala-Heby Energi Elnät AB are highly recommended, 

if SHE Elnät wants to maintain their current income levels as the energy transition progresses. 

These modifications don’t only keep the net income within reasonable levels, but they also 

decrease the annual bill paid for by the customers, which could help in maintaining the existing 

customer market.  

 

Another aspect, which is the grid capacity has to also be tackled. Even though the excess fees are 

not as high, due to the nature of the formulation applied by Vattenfall, the routine high demands 

seen mostly in the 2030 and the EV/Res scenario, for all potential distribution, call for a vital 

increase in the overall grid capacity. As mention in the introduction, the grid in Sweden is starting 

to face bottlenecks, and with such results in mind, that situation is forecasted to get worse.  

 

Would the main line connected to Sala be able to handle such spikes in the demand? Or would 

Sala become a victim of routine black-outs, if the right measures are not taken? 
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