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Abstract 
Environmental changes caused by human activities are frequently discussed issues and 
renewable energy is given increased technological and political attention. The Swedish political 
target of a growth of renewable energy has boosted investment in weather dependent wind power 
production. As a larger share of the energy supply becomes intermittent, the energy system faces 
challenges in balancing the grid and maintaining a secure energy supply. Thus, new requirements 
on regulating capacity will be necessary to drive this transformation. AB Fortum Värme samägt 
med Stockholms Stad (Fortum Heat), a district heating company operating in the Stockholm 
region, has the potential to adapt its electricity production to market variations. The flexibility 
originates from a large variation of technologies and fuels used, and the company is both a 
consumer and producer of electricity. However, the electrical flexibility is limited by ramping 
times and the heating demand of the market, and inaccurate forecasts complicate the planning 
process. 

In this report, the historical hourly variations of wind power production from 2011-2015 in 
Sweden were investigated and compared with the technical flexibility of Fortum Heat. The 
variations were found to be in line with the current ramping times of the company’s power plants 
but would in some cases require the plants to be in stand by mode, posing higher economic risks 
for the company. The seasonal variations in Fortum Heat’s flexibility were also found to 
coincide with the changes of wind power production, with some exceptions. During extremely 
low temperatures, Fortum Heat produces heat alone due to liabilities towards the district heating 
customers. Consequently, as wind power production was lower during these temperatures, 
Fortum Heat has to decrease its dependency on heat only production in order to enable electricity 
production. Furthermore, wind power production was smaller during higher temperatures, when 
Fortum Heat’s flexibility is low. Condensing power could be operated during these temperatures, 
but require that maintenance would have to be planned accordingly.  

 

 



  

 

Sammanfattning 
Miljöförändringar orsakade av mänskliga aktiviteter är ett ofta diskuterat problem och förnybar 
energi ges allt större teknisk och politisk uppmärksamhet. Det svenska politiska målet om en 
ökning i förnybar energi har gett ett uppsving för investeringar i väderberoende 
vindkraftsproduktion. Då en större del av energiutbudet blir intermittent uppkommer svårigheter 
i att balansera elnätet och att upprätthålla ett säkert energiutbud. Därför kommer nya krav på 
reglerkapacitet att vara nödvändiga för att driva på denna transformation. AB Fortum Värme 
samägt med Stockholms Stad, ett fjärrvärmeföretag med verksamhet i Stockholmsregionen, har 
potentialen att anpassa sin elektricitetsproduktion till marknadsvariationer. Flexibiliteten 
kommer från stora variationer i teknik och bränsle, och företaget är både konsument och 
producent av elektricitet. Den elektriska flexibiliteten är dock begränsad av rampingtider samt 
marknadens värmebehov och felaktiga prognoser kan försvåra planeringsprocessen.  

I denna rapport undersöks de historiska, timvisa variationerna i vindkraftsproduktion mellan 
2011-2015 i Sverige och jämförs med den tekniska flexibiliteten hos Fortum Värme. Enligt 
uträkningarna visade sig variationerna vara i linje med de nuvarande rampingtiderna hos 
företagets anläggningar, men kunde i några fall kräva att verken opererar i stand by vilket i sin 
tur utgör en högre risk för företaget. Säsongsvariationerna för Fortum Värmes flexibilitet 
sammanföll enligt beräkningarna med förändringarna i vindkraftsproduktion, med vissa 
undantag. Under extremt låga temperaturer producerade företaget endast värme på grund av 
skyldigheter mot sina fjärrvärmekunder. Eftersom vindkraftsproduktionen minskar under låga 
temperaturer måste därmed Fortum Värme minska sitt beroende av endast värmeproduktion för 
att möjliggöra elproduktion. Vindkraftsproduktion var dessutom mindre under högre 
temperaturer, när Fortum Värmes flexibilitet är låg. Kondenskraft kan i dessa fall vara ett 
alternativ men kräver att underhåll planeras i enlighet med elbehovet. 
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NOMENCLATURE 

This chapter will describe the abbreviations and definitions used in the report.  

Abbreviations 
DH District Heating 

CHP Combined Heat and Power 
HP Heat Pump  

TSO Transmission System Operator 
SEx SE1-SE4 (Electricity Region 1-4) 
FNR Frequency Controlled Normal Reserves 

FDR Frequency Controlled Disturbance Reserves 
MAE Mean Absolute Error 

DC District Cooling 
HOB Heat Only Boiler 

OC Open Cycle 
CC Combined Cycle 

COP Coefficient of Performance  
 

 

Definitions 
Conventional Power   Used to describe the types of power plants that are not operated on 

renewable energy. 
Smoothing Effect   The effect of production from wind power within a defined area 

where the number and distribution of the plants cause a correlation 
force, which will act to smooth out the aggregated variability.   

Potential Temperature The temperature that a fluid would acquire if adiabatically brought 
to a standard reference pressure (usually 1 bar).  
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1 INTRODUCTION 
This chapter provides the necessary information regarding the motivations behind the 
presented project. The chapter is introduced with a brief description of the background, 
followed by a definition of the purpose of the project and a specification of the research 
question. In order to specify the assignment further the delimitations will then follow.    

1.1 Background 
The electrical power system is based on the equilibrium between supply and demand. As the 
majority of electricity production is used instantaneously, power plants adapt their generation 
to match the electricity demand. Electricity production must therefore be flexible, controllable 
and reliable. To meet Swedish environmental targets, investments in renewable energy has 
caused a nearly threefold increase in wind power capacity during the past five years, from 
2163 MW in the beginning of 2011 to 6029 MW in the end of 2015. The transformation 
towards more intermittent generation has brought difficulties to maintain a constant 
availability of power, and ensuring a long-term equilibrium requires regulating power to 
support a reliable operation. As wind power production expands, the demand for regulating 
power increases. For energy utilities with large flexibility and diversification of their power 
plants, this transformation is a window of opportunity, allowing for great possibilities in 
adapting generation to fluctuating market conditions.  
The Swedish district heating (DH) utilities exemplify this new opportunity as they are often 
both producers and consumers of electricity. Production is in large part based on a 
combination of combined heat and power (CHP) and large-scale heat pumps (HP). CHP 
plants generate useful heat and electricity simultaneously from the combustion of a fuel. Heat 
pumps on the other hand generate useful heat or cooling through the use of electric power. 
Despite the electrical flexibility, DH utilities have traditionally had a role of base load 
suppliers and technical as well as economic constraints cause power plant ramping times up to 
several days. Furthermore, the flexibility of DH utilities is restrained in terms of the local 
outdoor temperature. As rapid variations in wind power output require a larger flexibility in 
the DH power plants, it is of great importance to understand the characteristics of the 
variability of wind power, and consequently enable the right type of regulating power to the 
grid. 
The joint venture AB Fortum Värme samägt med Stockholms Stad (Fortum Heat) is a DH 
company producing heating, cooling and electricity to the Stockholm region. The company is 
owned by the Fortum Group, whose strategy includes not only growing in intermittent energy 
such as solar and wind, but also to drive industry transformation. In order to reach these 
targets, there has to be appropriate investments that can direct the company in its desired way. 
The technical possibility for Fortum Heat to increase its regulating capacity, through the 
flexibility attached to the DH power production, could facilitate the industrial transformation 
towards renewable energy (Levihn 2016). 
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 1.2 Aims and Objectives 
 
The aim of this master thesis is to investigate the characteristics of the wind power production 
fluctuations in Sweden by using historical data from 2011-2015. These characteristics include 
size and volatility. The wind power fluctuations will then be compared to the technical 
regulating capacity of Fortum Heat, which is to be based on ramping times as well as 
temperature limitations. Based on the findings, strategic recommendations will be worked out 
that will guide the company in where the main challenges and opportunities lie. Besides 
specific conclusions relating to the case of DH in Stockholm, the thesis provides a general 
example of how to define the variations of weather dependent power production from a local 
perspective. This methodology could be applied to other DH systems within and outside 
Sweden. 

1.3 Problem Statement 
By shifting from base load production to flexible production, the DH industry has the 
potential to meet the fluctuations from the increasing share of intermittent power production 
in the country. However, little investigation has been made regarding the characteristics of the 
fluctuations that have to be met, a knowledge that should form the base on which regulating 
investments can be made. Thus, this master thesis problem statement is:  
 
To investigate and compare the fluctuations of wind power production in Sweden and the 
technical potential of regulating power production for a major DH utility. The comparison 
considers variations and limitations in time, size and temperature, all factors interesting from 
a DH perspective.   

1.4 Delimitations 
This master thesis investigates the flexibility of Fortum Heat specifically, and does not 
discuss general industry flexibility. Furthermore, as the Fortum Heat DH market is limited to 
the Stockholm region and the flexibility is temperature specific for DH in this area. The 
master thesis does not aim to come up with a strategy on how to plan operations in the future, 
but instead to highlight the challenges and benefits of more flexible power production and 
consumption. The master thesis will not focus on an explanation of why variations of wind 
power production appear in the obtained way, but will however attempt to give brief 
suggestions. The results obtained in this master thesis are based on national wind power 
production, and does not take into consideration imports and exports or the possibility of non-
national regulating capacity. Furthermore, as the total national production of wind power was 
examined, bottlenecks were assumed not to occur. If bottlenecks were to occur, which they in 
reality do, there would be associated limitations to regulate some of the imbalances. When 
analysing the wind power production based on outdoor temperature, the master thesis report 
does not aim to show a dependency of wind power production and temperature, but to give a 
description of what wind power production can be expected during different heating demand. 
The flexibility of Fortum Heat has only been measured technically, and will only briefly 
analyse the economic factors behind.  
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2 METHODOLOGY 
This chapter describes the methodology of the project, from the pre-study to data gathering 
and interviews. It will further explain the calculations and assumptions made to analyse the 
data and bring up the results.  

 
2.1 Literature Study 

The pre-study of the project included an in-depth literature study to understand the many 
components in the electricity and DH system. The literature study was necessary in order to 
establish an approach to solve the problem statement as no given model or structure was 
assumed in advance. The literature study did also lay the foundation for the chapter 3.0 
Theoretical Investigation, which describes the entire system and all important components 
needed to understand the results and analysis later on in the thesis.  

2.2 Interviews 

In order to understand some obtained results, interviews were performed. The first interview 
took place with Jenny Lindwall from the Meteorological Institute at Stockholm University, to 
discuss the validity of the obtained results. Furthermore, an interview was performed with 
Erik Dotzauer from Fortum Heat to discuss the results from a company perspective. 
Throughout the project, several organizations have been contacted to obtain a correct 
understanding of the complex energy system, such as Svenska Kraftnät, Svensk Energi, 
Vindkraftsbranschen, SMHI, Skatteverket etc. Lastly, continuous dialogs were held with the 
supervisor at Fortum Heat, Fabian Levihn and with the supervisor at KTH, Per Lundquist.  

2.3 Calculations 

The wind power variations were examined based on already existing data from Svenska 
Kraftnät, the Swedish transmission operator (TSO), which were analysed using Excel. The 
hourly power production from 2011-2015 was demonstrated in histograms, separated yearly 
and in six time spans: Δ1, Δ5, Δ12, Δ24, Δ48, Δ72. Simply put, these time spans represent all 
the wind power production variations with one hour apart, five hours apart, twelve hours apart 
etc. The variations were analysed by the COUNTIFS function in Excel, where the conditions 
were values “larger than X” and “smaller than Y”. These conditions spanned from the 
maximum variation to the minimum variation to cover all the data for every time span. The 
difference between X and Y was 50 MW and the average value of X and Y was used to 
represent the span in the obtained figures. The first part of the analysis examined the absolute 
variations, or in other words the actual variations occurring. For when the variations occurring 
80% of the time were calculated, the variations were sorted from smallest to largest, and a 
40% share was added onto or subtracted from the median. The variations that coincided with 
the largest and smallest value were included in the table.  

The second part of the analysis examined the normalized variations. The wind power 
production was then divided with the installed capacity for the specific time period multiplied 
with the time, in this case one hour. As there is only quarterly accessible data for when wind 
power plants go online on the grid, a linear increase between every quarter was assumed. The 
minor wind power capacity (between 1-18 MW) that went off-line during every quarter was 
also assumed to occur linearly. The data for the installed capacity were taken from statistics 
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from the organization Svensk Vindenergi (Swedish Wind Energy). In table 1, the installed 
capacity for the end of 2011 to the beginning of 2016 is demonstrated. The rest of the 
procedure was done in the same manner as in the first part. When the graphs demonstrating 
the average variations were calculated, the average value from the hourly variations of the 
five years was calculated. For variations occurring 80% of the time, the same procedure took 
place as for absolute values, but the calculations were based on the frequency instead of 
variations, in order to simplify the process due to the large amount of data.  

Table 1, Installed capacity 2011-2016 

Beginning of the Year 2011 2012 2013 2014 2015 2016 

Installed Capacity (MW) 2163 2899 3743 4382 5425 6023 

Yearly increase (MW) 736 844 639 1043 598 - 

In the third part of the analysis the total wind power production in Sweden was examined 
based on the local temperature in Stockholm. All the hourly wind power production values 
from 2011-2015 were added and sorted based on the hourly temperature at 
Observatorielunden in Stockholm, which is the same location Fortum Heat uses as reference 
point in their planning. The total hourly production was then sorted on the equivalent 
temperature in Stockholm, and separated from -18 degrees Celsius to 29 degrees Celsius. All 
the power productions within one temperature span (e.g. 21≤x<22) was analysed in a boxplot 
and put together in a graph. The temperatures in which the values were less occurring than 20 
times were not included as fewer data potentially indicate less uncertainty.  

The estimation of Fortum Heat’s technical flexibility was executed in the program Minerva by 
Fabian Levihn, where the entire Stockholm DH grid is examined based on outdoor 
temperature from -14 to 20 degrees Celsius. The feasibility was examined by varying the 
electricity price from 0-99999 SEK/MWh to obtain a maximum production and consumption.  

2.4 Time Line 

In figure 1 the time line of the project is demonstrated. In this project, several weeks were 
dedicated to the pre-study due to the size of the related system and importance to understand 
the components behind the problem statement. The following weeks were dedicated to data 
collection and theoretical investigation, main investigation, interviews, introduction and 
results and lastly discussion, conclusion and abstract. The project started February 1st 2016 
and ended June 17th 2016. 

Figure 1, Time line of the project  

  

Week 1 – 5         Week 6 – 8          Week 9 – 13        Week 14 – 17       Week 18 - 20 

Literature study���
Problem 

formulation���
Report structuring	


Data collection���
Theoretical 

investigation	

Investigation	
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Introduction 

Results 	


Discussion 
Conclusion���

Abstract	
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3 THEORETICAL INVESTIGATION 
This chapter presents the theoretical reference frame that is necessary for the performed 
research. It will present the Swedish electricity system, the complexity of intermittent 
renewable energy, the Swedish district heating and cooling system and lastly the organization 
of Fortum Heat. 

 
3.1 The Swedish Electricity System  
Electricity is becoming more and more interlinked with a number of vital components of our 
modern society. Without electricity, fundamental amenities such as lighting, heating, 
healthcare, communication etc. will collapse. Thus, it is of great importance to understand 
the factors behind the electricity system, which will be described in the coming chapter.  
 

3.1.1 The Electrical Grid  
The Swedish electricity system is divided into four different areas (SEx) connected by 550 
000 km of power lines, from SE1 in the north, to SE4 in the south, seen in figure 2 (Svensk 
Energi 2016). Unlike the common division of high voltage transmission lines and lower 
voltage distribution lines, the Swedish grid is divided into the national grid (stamnätet), the 
regional grid (regionsnätet) and the local grid (lokalnätet). The national grid, seen in figure 3, 
was constructed in the mid 20th century with the purpose to connect the north of Sweden, with 
high hydropower potential, to the more densely populated south. The Swedish TSO, Svenska 
Kraftnät, has overall responsibility for the entire electricity system of Sweden and manages 
the national grid. The main function of the national grid is to link large-scale power 
production plants (100-300 MW) together with the regional net and the operational voltage 
level spans between 120 kV to 400 kV. The regional grid has a voltage level between 20 kW 
and 130 kW and links the national grid to the local grid. Additionally, it connects power 
production plants of medium scale as well as big electricity users such as paper mills and 
chemical industries. Finally, the local grid distributes the electricity to the end users, with a 
voltage span between 0.3 kV and 20 kV. Electricity from small-scale producers is also fed 
into the local grid (IVA 2016).  
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Figure 2, Swedish electricity area                   Figure 3, The Nordic national grid 

 
3.1.2 Electricity Production  

The yearly electricity production in Sweden is relatively constant between 130 and 140 TWh, 
which indicates relatively high electricity consumption per capita. This can be explained by 
the high heating demand in the winter, which in Sweden often is powered by electricity, as 
well as the electricity intensive industries in the country (IVA 2016). In the northern regions 
of Sweden, in SE1 and SE2, there is more electricity generated than consumed. These regions 
are sparsely populated and characterized by large-scale hydropower production. In the 
southern regions on the other hand, in SE3 and SE4, there is a shortage of electricity. These 
regions have a larger population density and the power production involves large-scale 
nuclear plants in SE3 as well as wind power (Svensk Energi 2011).  
The majority of the Swedish electricity is produced from energy sources low in carbon 
dioxide emission. In 2015, hydropower and nuclear power dominated the electricity 
composition with around 46.7% and 34.3% respectively of the total electricity production 
(Svensk Energi 2016). However, due to low profitability, four of the existing ten nuclear 
rectors are to be taken out of operation by 2020 with no plans for new constructions. These 
reactors have an installed capacity of 2.8 GW, equivalent to around 30% of the total nuclear 
installed capacity in Sweden (IVA 2016). Furthermore, expanded hydropower potential in 
Sweden is limited to 6 TWh due to governmental protection of many of the existing rivers 
through the Swedish Environmental Code (Svensk Energi 2015). CHP accounts for the final 
8.5% of the electricity production and includes power from industries, DH, gas and 
condensing plants (Svensk Energi 2016). Power production from wind is increasing rapidly 
and covered 10,5% of the total electricity production in 2015. 
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3.1.3 The Nordic Electricity Market 

The great majority of electricity trading in the Nordic countries takes place via Nord Pool, 
which is the largest power market in Europe. Nord Pool was established in 1996 as a result of 
the deregulation of the Nordic countries’ electricity markets (Nord Pool 2016). It began as a 
joint Swedish-Norwegian power exchange, however, today it includes 380 members from 
twenty different countries. The main trading is done through the day-ahead market, where 
contracts are based on the predicted demand and supply for the coming day. The trading is 
done through bids where utilities forecast customer demand for the following day, and 
electricity producers forecast the possible production. At 12.00 CET all bids have to be 
submitted and the hourly price is calculated through an advanced algorithm. The first 
delivering of the settlements starts 00.00 CET the next day and continues for the following 24 
hours (Nord Pool 2015). In the case of irregularities in the planned demand and supply, such 
as power plant failures or fluctuating weather patterns changing the output from wind power, 
the balance is met through the intraday market. The intraday market is a balancing market 
where trading takes place continuously to the first come, first served principle. As the time 
frame of the intraday market is short, 45-15 minutes before delivery, the knowledge of both 
expected supply and demand is often more accurate. As supply becomes more and more 
intermittent, the role of the intraday market will become more important to secure a balanced 
electricity market (Nord Pool 2015). 

 
3.1.4 Bottlenecks 

As mentioned in chapter 3.1.1, there is a surplus of electricity in the north and a shortage of 
electricity in the south. Furthermore, an increased electricity demand together with more 
extensive trading between countries has led to insufficient grid capacity at some sections of 
the grid, causing so-called bottlenecks. Thus, the Swedish transmission capacity is sometimes 
constrained when large volumes are needed, causing congestions in the grid. Due to the 
surplus of electricity in the north and the shortage in the south, electricity is usually 
transmitted from northern to southern Sweden. Before the division into four different 
electricity regions, SE1-SE4, imbalances were managed through a restriction of exportation in 
order to restore national balance. In 2006 however, The Danish Energy Association submitted 
a complaint to the European Commission due to the fact that these actions discriminated 
foreign electricity users. This led to the division into four electricity regions, mentioned in 
chapter 3.1.2, where the borders between the regions are made up by bottlenecks. Within 
these regions, electricity trading can be done without the limitations of insufficient grid 
capacity. However, if internal production is not sufficient to meet demand, electricity trading 
between the regions takes place. Regional prices have been introduced to signal where further 
grid expansion is necessary, as well as in what areas more electricity production or 
consumption can be accommodated. When the transmission capacity fails to balance the 
regional surplus and shortage, prices will differ between the areas (Svensk Energi 2011). 

 
3.1.5 Balancing Load  

The electrical grid does generally not store much energy; instead the power generated is 
constantly adjusted to meet demand. It is of special importance to achieve a balance in the 
power market due to the difficulties of storage and the severe consequences related to supply 
failure. Traditionally, there are three types of power plants that are used in the electrical 
system to ensure that supply meets demand. Base load power plants can be seen as the 
foundation of the electricity supply, and is often a conventional power plant with a steady 
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power output close to its rated capacity. Base load power plants are often limited in terms of 
short time ramping, due to either technical or economical restrictions. However, electricity 
consumption changes depending on the consumers’ habits and daily choices, bringing a need 
for electricity production to be able to ramp up and down. Load following plants are used for 
this purpose, and adjust their power output depending on the current load. In times when 
demand is low, such as during the night they curtail output or simply shut down. The power 
plants meeting the peaks of the demand are called peak load power plants where the output is 
easily controllable. These power plants operate less hours compared to base load and load 
following plants, and could be seen as a guarantee for a balanced electricity system also in 
times when the demand peaks (Levihn 2016). 
The ability to regulate the power production varies depending on the type of power plant and 
the fuel used. In Sweden, hydropower can quickly be regulated whereas nuclear power 
cannot. Thus, hydropower ensures a balance between supply and demand and nuclear power 
supplies the system with base load power. The growing share of intermittent wind power 
production adds a layer of fluctuating and non-dispatchable power supply to the system. This 
increases the need for flexible power that is able to ensure balance between supply and 
demand (Levihn 2016). In figure 4, a week’s power supply in Sweden can be seen. It was 
chosen randomly to demonstrate the characteristics of different power plants. It can be seen 
that nuclear and CHP act as base load supply, where wind power adds fluctuations to the 
system that in this case hydropower (and to a small extent also gas, not visible in the figure) 
balance to meet the demand curve. 

 

 
Figure 4, Swedish power supply for a week in December 2015 
 

3.1.6 Balancing the Grid 
In theory, the Nord Pool Spot market price creates a balance between supply and demand. 
These contracts are however set several hours before delivery when forecasts for both supply 
and demand are uncertain and do therefore need to be readjusted to ensure balance on the 
market. The balance responsibility is delegated from the Swedish TSO to several local actors, 
whom are to secure a sufficient electricity supply by using the continuous bids on the intraday 
market. When the intraday market closes 45 minutes before delivery, the Swedish TSO takes 
over the balancing responsibility. The regulations taking place during this phase are based on 
the frequency of the grid, which should ideally be between 50.00 ± 0.10 Hz. When an 
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imbalance occurs that causes the frequency to change above certain limits, automatic reserves 
are activated. These automatic reserves consist of frequency controlled normal reserves 
(FNR) and frequency controlled disturbance reserves (FDR). FNR manages smaller, random 
imbalances in a perspective of seconds to minutes and is activated when the frequency falls 
below or exceeds 50.0 Hz. FDR does on the other hand regulate disturbances in the grid, such 
as plant failures, and is activated when the frequency falls below 49.9 Hz. (Svenska Kraftnät 
2013).  

When the automatic regulations have stabilized the grid, they are continuously reset and 
replaced by manual bids by Svenska Kraftnät. The electricity that is sold or bought during this 
phase is part of a regulating capacity, which has been purchased by Svenska Kraftnät in 
advance. The producers that participate in the regulation during the hours of operation are 
thus required to increase or decrease the agreed capacity depending on the market situation. If 
the consumption of electricity exceeds the current production, the TSO will buy energy from 
suppliers, a procedure called up-regulation. If the production exceeds the consumption, the 
TSO will sell energy, meaning suppliers have to reduce production, called down-regulation 
(Houmøller 2014). The balance responsibility parties are obligated to reimburse Svenska 
Kraftnät for the balancing trading costs (Svenska Kraftnät 2015).  

Between 16th of November and 15th of March Svenska Kraftnät purchases a so-called power 
reserve of maximum 2000 MW. During this time period, outdoor temperatures in Sweden are 
low and electricity demand high, resulting in an increased risk of power deficiency. The 
power reserve involves contracts between the TSO and producers or larger consumers of 
electricity to either aid the system with further regulating power or to agree to reduce 
electricity consumption when needed. Current requirements of available regulating power are 
based on a system outlook without consideration to large-scale intermittent power. 
Concerning imbalances on a longer term there are currently no related reserves as these are 
expected to be managed by the market (Svenska Kraftnät 2013). 
 

3.1.7 Frequency Quality  
The balance is measured through the frequency, which is to be fixed between 50.00 ± 0.10 
Hz. Keeping the frequency at this level decreases the possibility of insufficient disturbance 
reserves in the event of a power plant failure. The frequency falls when consumption exceeds 
production, and rises when production exceeds consumption. These imbalances occur when 
power companies fail to plan their supply according to the demand, or in cases of unpredicted 
plant failures or weather patterns. In Sweden the frequency quality is measured as the number 
of minutes where the frequency exceeds or falls below 50.00 ± 0.10 Hz (E-Bridge 2011). 
Over the past years, the frequency quality has decreased, as can be seen in figure 5. An 
increased electricity generation from wind power production adds two explanations to why 
the frequency quality has decreased; the intermittent nature of wind power production 
together with the lack of inertia in wind power stations (ENTSOE 2015). These two 
characteristics of wind power will be furthered described in the next chapter.  
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Figure 5, Frequency minutes outside Normal Band per week 
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3.2 Integration of Renewable Energy in Sweden 
 
In the traditional electrical system the uncertainties are mostly found on the demand side. The 
production uncertainties are limited to unforeseen power plant failures as conventional 
power production is easily controlled. Renewable energy lacks these characteristics, which 
brings difficulties in its integration. This chapter will introduce the Swedish targets for 
renewable energy and attempt to explain the most pressing issues. 
 

3.2.1 Wind Power Production  
The installed capacity of wind power is, like in many European countries, increasing rapidly 
in Sweden. In the end of 2015 the installed capacity was 6029 MW, an increase of around 604 
MW from the beginning of the year (Svensk Energi 2016). From 2011 to 2015 the production 
from wind power almost tripled in size, seen in table 2. This large expansion can be explained 
by the beneficial economic incentives for wind power. In Sweden, the system is based on 
electricity certificates, which are given to a wind power producer for every MWh of power 
generated. The electricity certificates can thereafter be sold to producers of non-renewable 
power whom are required by law to purchase a certain number of certificates (Svenska 
Kraftnät 2013). The future potential of wind power depends on several factors such as public 
opinions, policies, geography, technology and security. However, due to the large coastal 
areas and scarcely populated land areas, the total potential is estimated to 160 TWh. The 
future potential is divided into two price intervals, between 0.45–0.50 SEK/kWh (12 TWh) 
and between 0.50–0.60 kr/kWh (140 TWh). Additionally, there is further potential in terms of 
offshore wind power, depending on technological developments (IVA 2016). The Swedish 
government has decided that energy authorities in Sweden have to enable an expansion of 
renewable energy of 30 TWh until 2020, and if achieved it is likely that wind power will 
cover the great majority of the production. Even though this is not a target in itself, it indicates 
what future potential will be available (Svensk Vindenergi 2012). 
 

Table 2, Wind Power Production in Sweden* 

Year 2011 2012 2013 2014 2015 

Production 6.2 TWh 7.3 TWh 10.0 TWh 11.6 TWh 15.6 TWh 

% of total prod. 4.4% 4.7% 7.0% 8.0% 10.9% 

*Data taken from Svenska Kraftnät hourly production statistics 
 

3.2.2 Wind Power Distribution  
The biggest share of wind power production can be found in electricity region SE3, followed 
by SE4, SE2 and lastly SE1, seen in figure 6. Currently, Swedish plants are mainly located in 
coastal areas as well as on Öland and Gotland, the two biggest islands in Sweden. Several of 
the current coastal plants involve older technology and will be replaced by more efficient 
power stations (IVA 2016). Furthermore, a trend towards larger stations in terms of both 
height and capacity has brought an average installed capacity of 2.5 MW per station, seen in 
figure 7, and height of 100 meters, seen in figure 8 (Energimyndigheten 2015).   
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Figure 6, Wind power production for SE1-SE4  
As technology is improved, further expansion is projected to inland areas such as forests, and 
to colder environments (IVA 2016). Air density is larger in colder climate and will thus 
improve the power output, but challenges remain as ice accretion can cause modification of 
the aerodynamic profile and the physical properties of materials. Additionally, ice accretion 
on the blades and turbine structure of the wind power station can also cause serious safety 
risks to humans in the form of ice shedding (N. Dalilia 2007). Eventually, also off shore wind 
power production is forecasted to expand with further production potential, but the technology 
is currently not economically viable (IVA 2016). 

 
Figure 7, Mean installed capacity for wind power stations in Sweden  

  
Figure 8, Mean hub height for wind power stations in Sweden  
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3.2.3 Forecasting 

In the power exchange market mentioned in chapter 3.1.3, the bids are locked in at 12.00 CET 
the day before delivery. Consequently, the hourly spot price is based on a forecast performed 
between 24-36 hours before the time of delivery. A new forecast can thereafter be performed 
closer to the hour of operations, and if actual output appears to differ from the initial forecast, 
balance power can be traded through the intraday market. According to the Swedish 
Meteorological and Hydrological Institute, SMHI, wind forecasting accuracy increases with 
smaller time frames, which will affect the power out forecast accuracy accordingly. The 
typical mean absolute error, MAE for a wind power plant can be seen in figure 9. For a wind 
power plant in northern Sweden of 225 MW installed capacity, the MAE is 12.5-14.5% for a 
time span of 12-36 hours, and 6,5-10,5% an hour before delivery. These errors are in line with 
the typical errors presented in the figure. However, it is not always the most recent forecast 
that is used by operators, who can chose from the most recent forecast, spot forecast or 
perform an independent forecast (Fortum Heat 2016).  
 

 
Figure 9, Mean absolute error of plant capacity 
 

3.2.4 Characteristics of Wind Power 
Due to the integration of large-scale renewable energy such as wind power, the current 
electrical system faces a paradigm shift. In the traditional electricity system, uncertainties in a 
power system are normally found on the demand side. To establish balance within the system, 
power sources are adapted to demand by changing power output. Wind power production 
however, varies with the characteristics of the wind. Thus, wind power is a non-dispatchable 
power source and the kinetic energy from the wind determines the energy output. Ramping 
the power generation to match demand is therefore difficult. Ramping down is on the other 
hand possible, but does currently not occur due to the environmental benefits of power with 
wind as fuel. This adds another level of complexity to an already complicated system. 
Furthermore, the capacity factor is relatively low for wind power, around 11%, due to the fact 
that production is in direct relation to wind speed. Thus, electricity generation is intermittent, 
bringing a greater demand for regulating power (IVA 2016). In Sweden, wind power 
production is generally higher during winter and fall and lower during the summer months. In 
terms of maximum and minimum production, the windiest hours with highest production 
usually takes place in the fall or winter, and the calmest hours with low production usually 
takes place during the summer, seen in figure 10 (Energimyndigheten 2015).  
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Figure 10, 1000 windiest hours and 1000 calmest hours for 2011-2014  
The aggregated variability of wind power is a concept that needs to be introduced in order to 
understand the characteristics of wind power. The aggregated variability is, due to the law of 
large numbers, dependent on total number of wind power plants as well as the geographic 
magnitude, distribution and characteristics of wind power plants. Combined, these 
characteristics can create a smoothing effect. The smoothing effect can be defined as a 
correlation force that originates from the fact that if a region is large enough, the wind will 
never blow everywhere, but always somewhere. A larger smoothing effect within a region 
will therefore reduce the aggregated variability. In general the smoothing effect increases with 
smaller time frames, larger system areas and with increased geographical distribution 
(Svenska Kraftnät 2013). The variations of wind power production in Sweden will be further 
investigated in chapter 4.1. 

 
3.2.5 Inertia 

Wind power production can affect the inertia of a power system. In a synchronous system 
large generators and turbines rotate with the same relative speed, reflected in the frequency of 
the system. The rotation generates accumulated kinetic energy that in turn creates inertia that 
will counteract sudden changes of the rotational speed. The wind power plants also hold 
inertia, but generation units are typically connected through power electronic converters. The 
converter decouples the generator from the grid and removes the connection between 
frequency and rotational speed. Thus, the wind power production is not synchronous with the 
frequency and could only add to the system’s inertia with certain control equipment. 
Therefore, wind power stations do typically not contribute to a power system’s inertia 
(Tielens och Van Hertem 2015). In the event of e.g. a plant failure, frequency will suddenly 
drop. Depending on the magnitude of this change, certain appliances and production 
components can be damaged by the new frequency. To avoid this, an automatic decoupling of 
production units could take place and could potentially lead to a collapse of the entire system. 
A high level of inertia allows for slower frequency drop, and production units are given more 
time to adjust to these imbalances in the system (Second Opinion 2014). 
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3.3 The District Heating and Cooling Market 
As the Swedish electricity system is moving towards more renewables, DH could play a key 
role through the use of diversification of energy sources, flexibility and by raising efficiency. 
This chapter will describe the characteristics and components of the district heating and 
cooling market. 
 

3.3.1 Fortum Heat 
Fortum Heat is an energy company owned by Fortum and the city of Stockholm where 
heating, cooling and electricity are produced. The company operates in the Stockholm region, 
and is together with a few other actors responsible for the Stockholm DH grid. Fortum Heat 
operates the black lines of the northwest and city/south grid seen in figure 11 and an ongoing 
project has been started to connect the two systems to one unified Stockholm grid. Fortum 
Heat has around 10 000 costumers and through them they provide DH to a large share of the 
city. There are several plants around the region; the larger plants are located in Brista and 
Hässelby in the northwestern system, and Värtahamnen, Hammarby and Högdalen in the 
city/south system. The remaining plants are mainly peak load and reserve power plants. The 
technology used is primarily hot water and steam boilers as well as heat pumps, CHP and gas 
turbines (Fortum Heat 2015).  

 

 

Figure 11, Geography of Fortum Heat’s DH system 

 

3.3.2 District Heating 
District heating is a centralized heat distribution system where a plant produces heat that is 
distributed through a network to a city or neighborhood, seen in figure 12. The heating 
distributed can be used for both space and tap water heating, and is often generated by a 
cogeneration plant burning fossil or biofuels (Lund, o.a. 2014). The first commercial DH 
system was launched in the late 1870s in the United States and was based on steam as the heat 
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carrier, which allowed for high delivery temperatures. One of the main drawbacks of these 
systems was the risk of steam explosions. Furthermore, high steam temperatures together with 
possible corrosion in the return condensate pipes resulted in lower energy efficiency. Despite 
these drawbacks, steam based DH still dominates the American market. In Europe however, a 
system based on pressurized hot water with supply temperatures over 100 degrees Celsius, 
was introduced in the 1930s. Today’s DH systems were introduced in the 1970s and continue 
to operate with pressurized hot water as the heat carrier, but with lower supply temperatures 
(Woods och Overgaard 2015). In Sweden, supply temperatures vary between around 65 – 120 
degrees Celsius depending on weather variations and the time of the year (Energi- och 
klimatrådgivningen 2015). 
 

 
Figure 12, Simple scheme of a DH system 

 
The Swedish demand of space and water heating per year is equivalent to a fourth of the 
country’s total energy usage, 100 TWh, and DH meets half of this demand. Urbanization 
together with a larger population cause an increase in heating demand, but due to energy 
efficiency measures the share of DH is instead decreasing slightly (Svensk Fjärrvärme 2015). 
In 1991 the Swedish government introduced a carbon dioxide tax, which has resulted in a 
decrease of fossil fuels in the DH fuel mix (Naturskyddsföreningen 2010). Today, the 
majority of DH is produced from biofuels and waste, making Swedish DH environmentally 
advantageous. In 2014, oil, natural gas, coal and peat only made up 8% of the total fuel mix, 
seen in figure 13 (Svensk Fjärrvärme 2015). The most common plants in a DH system will be 
further described below.  
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Figure 13, DH fuel mix in Sweden for year 2014 
 

3.3.3 District Cooling 
District cooling (DC) is a centralized cooling distribution, where a plant produces cooled 
water that is distributed to buildings where cooling is required, such as in hospitals, offices 
and data-centers. Swedish DC brings several environmental benefits as the centralized system 
ensures an efficient energy use and reduces the amounts of refrigerants. The cooled water 
circulates in a closed loop and reaches the buildings at around six degrees Celsius. The cold 
water is then used to cool the air used for ventilation within the buildings or cool industrial 
processes, and is afterwards returned to the production facility at around 16 degrees Celsius. 
The water can be cooled using several different technologies. Heat pumps are the most 
common technology used in producing DC in Sweden, as they can produce heat and cooling 
simultaneously, this will be described further in chapter 2.3.5. Figure 14 on the other hand, 
demonstrates a DC system where cold water is taken from a lake or an ocean in loop 1. Water 
of temperatures around four degrees Celsius is pumped to the cooling facility where a heat 
exchanger cools the water in the closed loop 2, where the water is distributed to the buildings. 
The heated water in loop 1 is then released back to the lake or ocean at return temperatures of 
between 12-16 degrees Celsius (Energimarknadsinspektionen 2013).  

 
Figure 14, Simple scheme of a DC system  
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3.3.4 Combined Heat and Power  

CHP plants produce electricity and heat simultaneously and have therefore a high efficiency. 
Only 10% of the energy is lost and a variety of fuels can be used. The most common fuel in 
Sweden is biomass, in particular waste wood from the logging industry (Svensk Energi 2012). 
In the case of Fortum Heat, the fuels are burnt in the boiler to heat water. The steam from the 
heated water is transported to the turbine, causing the rotor to spin, producing electricity 
through the generator. When used in the DH system, as is the case for Fortum Heat, the water 
steam will heat the DH water that is transported trough the DH pipes to the customers 
(Mälarenergi 2011).  

The level of electricity produced is in direct positive relationship to the production of heat. 
Thus, the greatest potential to produce electricity is when heating demand is high, which in 
Sweden occur during the winter months. Due to the fact that a large part of the heating 
demand is powered by electricity in Sweden, high heating demand and high electricity 
demand often coincide. Around 40% of the DH comes from CHP plants, providing the 
country with mainly base load power (Energimyndigheten 2015). However, the power plants 
can be ramped up and down, but there are economical and technological constraint limiting 
how fast and how often these alteration in energy output can be made (Levihn 2016).  

At Fortum Heat, the CHP power plants are flexible, and can often be operated in three modes: 
heating only (turbine “bypass”), heating and electricity combined (coproduction) and 
electricity only (condensing) (Levihn 2016). When the CHP power plants produce heating and 
electricity combined, the steam is cooled with DH water at a temperature around 42 degrees 
Celsius. For condensing power however, ocean water is used in the process, which results in a 
higher production of electricity. However, as condensing power plants produce electricity 
without making use of the waste heat, which is released through cooling water and flue gases, 
the total efficiency of the condensing power is lower than in a CHP plant (Dotzauer 2016). 
Last time Fortum Heat operated a CHP plant in continuous condensing mode was in 1996. 
Due to low hydropower reservoirs together with poor national energy planning, the Swedish 
TSO requested the CHP plant KVV1 in Värtaverket to operate in condensing mode the entire 
month of August. Otherwise, power plants are often in maintenance during the summer 
months, which was limited to only a few weeks this particular year. Direct heating is often 
performed during cold winter months when heating demand rises, whereas the condensing 
mode could be performed during warmer temperatures when electricity demand is high but 
heating demand is low (Levihn 2016).  

 
3.3.5 Heat Only Boilers 

Apart from CHP plants, heat-only boilers (HOB) are often used in DH for heating production. 
Similar to CHP, a HOB extracts heating from the combustion process of different fuels and 
uses it to warm water that is transported to the DH grid. The HOB plants used by Fortum Heat 
are operated on a variety of different techniques and fuels and have an efficiency of around 
85%. The steam and hot water boilers run on fossil oil and bio oil. Electrical boilers are also 
used, operating similarly to an electric water boiler and with an efficiency of close to 100% 
(Levihn 2016). 
 

3.3.6 Gas Turbines 
Gas turbines are mainly used as reserve power in Sweden, as they are cheap to build but 
expensive to operate. When operating, they can reach full load within ten minutes. Due to the 
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high costs of operation, the gas turbines are rarely used in today’s electricity system. The 
process of an open cycle (OC) is demonstrated in figure 15. Ambient air is compressed in step 
1 to raise pressure, and is then brought to the combustion chamber where it is mixed with a 
fuel, often natural gas or oil, and burnt, step 2. The fuel gases then expand through the 
turbine, step 3, which is connected to a generator and electricity is produced. In an OC, the 
flue gas is then released to the environment, step 4. In this OC the efficiency reaches around 
40%, but is higher if the cycle is of the combined cycle (CC) type with a bottoming steam 
cycle (IVA 2015). 

 
Figure 15, OC of a gas turbine 

 
Fortum Heat uses both CC and OC, where the OC is part of the electricity reserve, and can 
therefore only be used in times of power deficiency. The OC gas turbine used at Värtaverket 
was in 2015 used 5 hours, and in 2014 used for 10 hours (Fortum Heat 2016). As gas turbines 
are mainly run as reserve power, investments in new turbines are rare, and are mainly done 
through direct incentives from the Swedish TSO. In order for investments in gas turbines to 
be profitable in today’s electricity market, a compensation for available capacity would be 
necessary. However, due to the few hours operated by gas turbines, it is currently considered 
a cheaper option to balance intermittent energy than expanding electricity infrastructure or 
new power plants (IVA 2015).  
 

3.3.7 Heat Pumps 
The heat pump (HP) is based on the relationship between pressure and temperature of a 
medium, in this case the refrigerant. A typical HP has a coefficient of performance (COP) of 
around 3, which means that for every kWh of electricity used in the heat pump, three times as 
much heat will be produced. The main components of the HP cycle are demonstrated in figure 
16. In step 1, the refrigerant evaporates in the evaporator at low pressure and absorbs heat 
from the heat source, e.g. sewage water. The refrigerant is then compressed in the compressor 
in step 2, and the temperature is increased. The hot compressed gas then passes the condenser 
where the fluid condensates at high pressure and heat is removed from the system through a 
heat exchange with a coolant, in this case the DH water. The refrigerant will then pass an 
expansion valve, step 4, which results in a decrease of pressure and the fluid is brought back 
to step 1. The cycle is closed. There are both small-scale heat pumps that are installed in 
individual buildings and larger scale heat pumps that could be a part of a region’s DH system. 
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In the case of Fortum Heat, the heat pumps are of large scale and have a total capacity of 
around 540 MW (Levihn 2016). 
 

 
Figure 16, Simple scheme of a HP  
 

3.3.8 Accumulators   
Accumulators are a type of energy storage facility that can be used to store heated water for 
later DH use. Fortum Heat has one large accumulator of 40 000 m3 (~2 GWh heat). Warm 
water can be pumped from any of the heating producing plants connected to the south/central 
network, and the accumulator is used for load shifting, to smooth out daily variations and HP 
optimization. Heated water can be stored during low heating demand when the production is 
cheaper, and used for peaks when production costs rise. By load shifting an economic profit 
can be gained in the difference between costs associated to storing the heat and the savings 
made when using the accumulator (Levihn 2016).  
 

3.3.9 Fortum Heat Operation  
The heat produced at Fortum Heat is used for both space and water heating. Heated water is 
needed throughout the year, whereas space heating is not needed when outdoor temperature 
rises. This pattern can be seen in figure 17, where the yearly heat production is demonstrated 
for Värtaverket in 2015. The largest production in 2015 came from KVV6, a CHP plant using 
a combination of biomass and fossil fuels together with heat pumps. The electricity price has 
during the most recent years been low, resulting in a larger use of heat pumps and boilers. As 
can be seen in the figure, heat production falls during the summer month. The electricity 
produced in the Fortum Heat facilities is a secondary product and limited by the heating 
demand. The DC capacity of the company is currently a smaller part of the operation, and the 
flexibility during the summer period is therefore limited (Levihn 2016). However, the 
possibility of producing electricity from condensing power remains, but is economically 
unfavorable due to low efficiency (Dotzauer 2016).  
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Figure 17, Värtaverket heat production 2015 

In figure 18, the load duration plant is shown. The large number of different plants and fuels 
are here shown to illustrate the complexity but also the vast possibilities in the system. The 
blue base production is waste fired power plants, which is prioritized due to negative fuel 
costs. The green bars are biofuels, black represents a coal-fueled CHP plants, red is heat 
pumps, light green is pellets fueled boilers and the remaining are different types of peak 
power plants. The plants graph generally shows the costs of production, as cheaper 
technologies and fuels will be prioritized. The peak plants used only a few hours are mainly 
fossil fuel based, where operational costs are relatively high. However, this is not always the 
case, as fuel price can vary (Levihn 2016).  

 

 
Figure 18, Load duration chart. Power plants operation in the Stockholm DH network. 
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3.3.10 Taxes  

The electricity production in a CHP plant is exempt from energy taxation, whereas the heat 
production is not. Electricity production is instead taxed at the consumption stage of the 
process. For DH companies, this means that electricity used for heat production is taxed, 
whereas additional electricity consumption used in the process of producing electricity is tax-
exempt. In the cases when both heating and electricity is produced, a separation method is 
needed. According to the Swedish Tax Agency, the separation can take place by taxing the 
extra electricity needed to produce heat in the cogeneration process, and tax-exempt the 
remaining electricity consumption. The heating production is taxed depending on what fuel is 
used and what technology is used (The Swedish Tax Agency 2015).  
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4 RESULTS  
In the results chapter the results that are obtained with the methods described in the 
methodology chapter are compiled. The results will be presented beginning with the flexibility 
of Fortum Heat followed by the variations of wind power production. Lastly the wind power 
variations will be compared with the local temperature of Stockholm.  

 
4.1 Fortum Heat Flexibility 

It is apparent that the Swedish electricity system is becoming more intermittent and that the 
need for regulating power is increasing. To investigate the future possibility to take on a more 
flexible power-producing role, the flexibility of the power production will be studied.   

 
4.1.1 Technical Aspects 

The electricity generated in the facilities of Fortum Heat is from one perspective a secondary 
product, generated in the same process as heat, and is limited by the district heating demand. 
For colder temperatures, heating demand rises and Fortum Heat can therefore generate or 
consume more electricity, which results in a greater flexibility. This flexibility for the entire 
Stockholm DH system can be seen in figure 19. Fortum Heat is bound to provide its 
customers sufficient levels of heating to the system, thus, in times of extreme heat demands or 
power plants failures, electricity production could be down prioritized in favor for a larger 
heating production. However, the heat production is dimensioned to meet the demand down to 
-21 degrees Celsius outdoor temperature, and larger heating deficiencies are not to occur more 
than once every twentieth year.  

Figure 19, Technical electrical flexibility for Stockholm DH system 
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The figure above shows that there is a technical flexibility of around 800 MW for 
temperatures below zero degrees and that the flexibility in the summer is around 100 MW. 
The flexibility does not include gas nor condensing power, and additional electricity can be 
produced during high temperatures. The total capacity of condensing power is 380 MW, 
However, the power plants cannot change their output instantaneously and have different 
ramping times depending on the type of power plant as well as on the starting position 
temperature. The ramping times for different power plants at Värtan can be seen in table 3, 
and shows the general time span for starting the plants from cold-start and from warm-start. 
The first hour in the table represents the time needed for the generator to reach a frequency of 
50 Hz but without producing electricity and the second hour demonstrates the time needed 
until full load. Faster ramping times are possible but will lead to increased wear and tear on 
the units. 

Table 3, Ramping times at Värtaverket 

Year Cold  Warm* Full load 

Gas turbine 7-15 min 6 min 50 MW 

KVV1** 10 hours + 5-6 hours 2 hours + 5-6 hours 2200 MW 

KVV6 8 hours + 5-6 hours 6 hours + 5-6 hours 145 MW 

KVV8 12 hours + 3 hours 3 hours + 3 hours 130 MW 

Heat pump 2-3 hours 2-3 hours 250 MW -75 MWel 

* First value until synchronization with national grid. Second value is normal ramping time 
once synchronized. Faster ramping times is possible, but results in additional costs. 

**Once synchronized and in full production KVV1 has a ramping time of 10-20 MWel/min. 
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4.2 Variations in Wind Power  

In order to understand the potential of flexible power production for Fortum Heat it is 
essential to investigate the fluctuations of the renewable energy entering the Swedish grid. 
The fluctuations have been investigated as absolute values, normalized values and in relation 
to the air temperature in Stockholm. The different time spans investigated were Δ1, Δ5, Δ12, 
Δ24, Δ48 and Δ72, chosen to correspond with Fortum Heat power plants ramping times.  

 4.2.1 Absolute Values 

Between the beginning of 2011 and the end of 2015 there has been an increase in installed 
wind power capacity from 2163 MW to 6023 MW. The installed capacity does in turn affect 
the power production, and it is evident that a higher wind power capacity fed into the grid 
causes higher variations in the final production as well as higher extreme values. In absolute 
terms, the wind power production variations are the lowest in 2011 and increase gradually 
every year for all time spans investigated. There are several aspects that can affect the 
variation pattern, such as weather patterns or the smoothing effect, but the constant expansion 
of wind power capacity will nevertheless have a definitive impact on the final production 
variations. In figure 20, the frequency of the hourly variations for 2011-2015 is demonstrated. 
The pattern is clearly illustrated, but can be further confirmed by calculating the standard 
deviations for the different years. The standard deviation, demonstrated in equation 4.1, is 
used to quantify the dispersion of the values within a set of data. A high standard deviation 
indicates a high variation between the obtained values, and a low standard deviation indicates 
a low variation. In table 4, the standard deviation for the hourly variations between 2011-2015 
can be seen.   

𝜎 =
Σ(𝑥 −𝑚)!

𝑛  

Equation 4.1, Standard deviation 
 

 Figure 20, Hourly variations for 2011-2015 
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Table 4, Standard deviations for Δ1 hour 

Year 2011 2012 2013 2014 2015 

𝝈 46.8 59.8 82.1 91.0 124.6 

The variations will furthermore differ depending on the time span investigated. As can be 
seen in figure 20, the hourly variations remain small, even though they have increased 
gradually from 2011 to 2015. In absolute terms, the variations remain within the span of ±140 
MWh for 80% of the obtained values in 2015. For longer-term variations the absolute values 
increase, but the appearance of the curves remains similar in relation to each other. The results 
for all time spans and years will not be shown in this chapter, but can be found in Appendix 
X. In figure 21 the increase of the absolute variations for various time spans can be seen for 
the year 2015. The variations are noticeably smaller for hourly changes, and the difference 
between Δ1 and Δ5 is the largest among the curves. The variations Δ12 - Δ72 however, are 
more similar in size.  

Figure 21, Absolute variations in 2015 

To obtain an understanding of the actual variations that occur for wind power production a 
numerical analysis has to be performed. Table 5 shows the maximum variations for the 
different time spans. As expected, there is a general trend of increased variations as the time 
spans grow. Furthermore, there is a larger positive variation for all time spans. However, the 
extreme values in table 5 do not represent the regular production and is misleading to use as a 
representation of the actual variations. In table 6, the maximum variations occurring 80% of 
the time is shown for 2015. These values represent the actual variations that occurred for wind 
power production the majority of 2015, and is thus a good indication of what regulating 
capacity is currently needed. To further visualize these numbers, figure 22 demonstrates 
where 80% of the values are found. In chapter 4.2.3, the variations that can be expected in the 
future will be discussed. Even though the variations differ from year to year, these values are 
relatively small and can be ignored, which will be further described in chapter 4.2.2.  
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Table 5, Maximum variations 

Time span Δ1 Δ5 Δ12 Δ24 Δ48 Δ72 

+ Variations [MWh] 690 2530 3400 3400 4490 4140 

- Variations [MWh] -680 -2220 -2650 -3370 -3350 -4050 

Table 6, Maximum variations occurring 80% of the time for 2015 

Time span Δ1 Δ5 Δ12 Δ24 Δ48 Δ72 

+ Variations [MWh] 145 575 1030 1385 1600 1650 

- Variations [MWh] -145 -575 -1030 -1385 -1715 -1695 

 

Figure 22, 80% of the absolute variations occuring 

These data are taken from the total production in all four Swedish electricity regions. Fortum 
Heat is located in the SE3 region, and the total production is used with the assumption of an 
undisturbed transmission capacity through the country. The uncertainties that this assumption 
implies will be further discussed in chapter 5. 

 
4.2.2 Normalized Values 

In the previous chapter it was shown that the variations have increased as more capacity is fed 
into the grid. However, the installed capacity is not the only factor that affects the variations. 
Firstly, the weather can differ from year to year, and variations in wind will logically also 
affect the wind power output. The wind power forecasting company Vindstat has calculated a 
wind index for the previous years, and the index between 2011 and 2015 is demonstrated in 
table 7. Even though there are unverified theories that the turbine efficiency can decrease with 
time, which would result in a gradual decline of the wind index, the major phenomenon 
affecting the wind index is the wind itself. Secondly, the smoothing effect introduced in 
chapter 3.2.4 describes how the aggregated variability changes with e.g. the geographical 
distribution. Thus, this phenomenon will also affect the wind power variations. By 
normalizing the values to not depend on the total installed capacity, seen in equation 4.2, it is 
possible to investigate the weather and smoothing affect as the ratio between actual 
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production and installed capacity will indicate if external factors such are affecting the 
variations. 

Table 7, Wind index for 2011-2015 

Year 2011 2012 2013 2014 2015 

𝒊 116% 104% 99% 104% 124% 

𝑃𝑟𝑜𝑑!"#!! =   
𝑃𝑟𝑜𝑑!"#$

𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑  𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 ∗ ℎ                %  

Equation 4.2, Normalized power production  

The normalized hourly, five-hour and twelve-hour variations for 2011-2015 are visualized in 
figure 23, 24 and 25 and numerically demonstrated in table 8. The standard deviation appears 
around 2% for hourly variations, 7% for five-hour variations and 12% for twelve-hour 
variations. The variations are for all time spans larger in 2013 and 2015, but there is no clear 
pattern indicating how and whether this number will change in the future. Furthermore, it was 
shown in table 7 that the specific weather conditions for each year vary. Therefore, as the 
variations are relatively small and irregular, a clear trend in the smoothing effect cannot be 
scientifically secured. As there are no detailed data related to when new installed capacity is 
connected to the grid, the assumption of a linear addition, explained in chapter 2, will result in 
uncertainties. These uncertainties will be further discussed in chapter 5. 
 

Table 8, Standard deviations for Δ1 hour normalized 

Year 2011 2012 2013 2014 2015 

𝝈∆𝟏 1.9%  1.9%  2.0% 1.9% 2.2% 

𝝈∆𝟓 7.1% 7.3% 7.5% 7.1% 8.6% 

𝝈∆𝟏𝟐 12.3% 12.9% 12.8% 11.8% 14.9% 
 

Figure 23, Normalized hourly variations for 2011-2015 
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Figure 24, Normalized five-hour variations for 2011-2015 
 

 
Figure 25, Normalized twelve-hour variations for 2011-2015 
 
Normalizing the variations is interesting when comparing different years, as it demonstrates 
the variations without considering the size of the total production or installed capacity. When 
normalizing the variations for an individual year, the variations are displayed as a share of the 
total installed capacity. This information is displayed in figure 26, for hourly changes, five-
hour changes and twelve-hour changes, and in figure 27 for 24-hour, 48-hour and 72-hour 
changes. It is evident that the variations increase in a similar manner to the absolute values, 
which can be explained by the almost linear increase in installed capacity over the five years 
investigated. The data do also indicate that the smoothing effect increases as the time span 
decreases. In turn, this means that the Swedish wind power production in a short time 
perspective will not contribute to an aggregated variability significantly. This information can 
together with the information in chapter 4.2.1, be used to construct a future scenario of 
variations, which will be done in chapter 4.2.3. Furthermore, the variations for larger time 
spans, such as 24 hours, 48 hours and 72 hours seem to be relatively similar.  
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Figure 26, Normalized variations in 2015 

 
Figure 27, Normalized variations in 2015 

 
4.2.3 Future Variations  

The results shown in 4.2.1 and 4.2.2 have demonstrated that there is a clear correlation 
between an expansion in wind power and the size of the variations, but that the expansion 
does not bring any visible smoothing effects. Furthermore, the variations in weather pattern 
from year to year are a phenomenon that has not been investigated in this report. Thus, no 
scientific conclusion can be drawn of the yearly variations in the normalized values. 
Therefore, the closest estimations of future variations are obtained when using the average 
normalized value for each time span. In figure 28 and 29 these values are shown. These 
figures can represent any installed capacity, and can therefore indicate future variations as 
long as the installed capacity is known. However, specific weather situations should be 
considered as these figures represent an average of 2011-2015, where the average wind index 
is slightly above 100%. 
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Figure 28, Average normalized variations 

 
Figure 29, Average normalized variations  

In table 9, the maximum average variations occurring 80% of the time is shown. Again, 
calculating the variations occurring 80% of the time better represent the reality compared to 
e.g. only including the maximum variation, seen in table 10. The hourly variations remain 
within ±2% of the total installed capacity but increase to ±9% for five-hour variations. The 
maximum variations seem to stay around ±26-28%, as the variations do not increase 
significantly from a two days to three days time span. In terms of maximum variations there 
are occasionally large variations also for smaller time frames. These variations are based on a 
five-year time span, and will thus occur extremely rarely.  
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Table 9, Maximum average variations occurring 80% of the time  

Time span Δ1 Δ5 Δ12 Δ24 Δ48 Δ72 

+ Variations 2% 9% 16% 22% 26% 27% 

- Variations -2% -9% -16% -21% -26% -28% 

Table 10, Maximum average variations  

Time span Δ1 Δ5 Δ12 Δ24 Δ48 Δ72 

+ Variations  13% 44% 62% 65% 82% 76% 

- Variations  -12% -40% -58% -70% -71% -75% 
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4.3 Wind Variations in terms of Local Temperature  

For Fortum Heat, there is a close connection between heating demand and production 
flexibility. This connection also serves as a limitation, which is necessary to investigate to 
understand the company’s flexibility. 

 
4.3.1 Normalized Wind Variations  

The outdoor air temperature controls the heat production and therefore the electricity 
generation for Fortum Heat, described in 4.1.1. Thus, it is necessary to investigate the 
regulation need in terms of the air temperature at the production location. The long-term 
production planning at Fortum Heat is based on the temperature in Observatorielunden in 
Stockholm as a reference point, which is where the temperature data have been collected. 
Figure 30 shows box plots for the hourly wind production variations for 2011-2015 as a share 
of the installed capacity and in relation to air temperature in Stockholm. As the temperature 
values become more extreme, there is more uncertainty related to the results, as fewer data 
have been accessible, which will be further discussed in chapter 5. It is important to 
understand however, that this diagram is not an indication of a general relationship between 
temperature and wind power production, as the power produced represent the entire country, 
but the temperature only represents the region in which Fortum Heat has its operations.  

 

 
Figure 30, Share of installed capacity in relation to air temperature in Stockholm  
 
Figure 30 indicates a pattern of a larger electricity production and larger variations for 
temperatures around 0-10 degrees Celsius. For extreme temperatures the wind production and 
variations decrease. During cloud free nights and cold winter days, the surface radiation is 
often higher than the incoming solar radiation. The negative radiation balance causes colder 
surface temperature compared to the atmospheric temperature. Strong winds allow the cold 
and warm air to mix, which in turn results in an increase of the surface temperature. Thus, 
during wintertime light winds will cause colder weather, which could explain the decreased 
production. Additionally, low temperatures could also imply that ice accretion prevent wind 
power production in some regions of the country. In the summer, this phenomenon is often 
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reversed. The potential temperature is higher by the surface of the earth and colder in the 
atmosphere. Similarly, light winds will therefore result in higher temperatures. Furthermore, 
anticyclones occur for both cold winter days and warm summer days, which also cause lighter 
winds.  
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5  DISCUSSION  
In this chapter the results obtained in the previous chapter are analyzed and compared with 
the existing knowledge and theory presented in the theoretical background.  

 
The maximum flexibility of Fortum Heat was demonstrated in figure 19 to be 800 MW plus 
380 MW from condensing power. Furthermore, the flexibility was limited by ramping times 
as could be seen in table 3. When wind power fluctuations are negative and additional power 
is required to stabilize the grid, Fortum Heat’s main potential lies within CHP plants to ramp 
up the combined production or shift to condensing power. In this case, ramping times to reach 
full load are 6-12 hours if started from warm mode and between 13-16 hours when started 
from cold mode. In table 6 it is demonstrated that the current variations in wind power rarely 
exceed 600 MW for time spans shorter than five hours, and remain around 1000-1700 MW 
for time spans between 12 and 72 hours. These larger variations alone could already bring a 
window of opportunity for the company, and will continue to increase as more intermittent 
energy is connected to the grid. In the case of electricity surplus, heat pumps have a ramping 
time of 2-3 hours, sufficient to meet the majority of significant power variations. Thus, 
limitations in terms of ramping times exist, but does not necessarily affect the economic 
opportunities significantly as the larger variations are on average in line with the technical 
ramping ability.  

Investigating the variations based on the installed capacity gives an indication of what future 
fluctuations are to be expected. As the variations were based on 5 years, the extreme values 
obtained in table 10 have perhaps no economic relevance for the Fortum Heat, but do instead 
indicate the minimum regulating power required to stabilize the grid with national supply. 
Thus, with a large share of intermittent wind power in the grid, around 12-13% of regulating 
power with ramping time of an hour will be required etc. The variations occurring 80% of the 
time on the other hand, shown in table 9, are of economic significance for the company as it 
better represents the actual operation pattern of wind power. The hourly variations remain 
small, indicating a higher economic incentive for hydropower to meet the fast variations. CHP 
power should instead supply the grid with regulating power for the longer time periods, e.g. 5-
12 hours, so that hydropower does not keep operating on full load and can continue to take 
upcoming fluctuations. During these time spans, average variations can on a regular basis 
reach up to ±9-16% of total installed capacity. In order for Fortum Heat to take on the larger 
fluctuations, wind forecasting must be accurate for these specific time spans. As could be seen 
in figure 9, the MAE is for these time spans between 5-15% of installed capacity, which is 
large compared to the actual variations. Thus, until wind forecasting is improved, Fortum 
Heat would to a larger extent be required to keep the power plants in a stand by mode. 
Keeping the plants on stand by is costly and the economic benefits from potential operation 
would have to be measured with these associated costs.  

Apart from ramping times, the technical flexibility is limited by the regional heating demand 
as could be seen in figure 19. The maximum flexibility of 800 MW occurred during lower 
temperatures, and decreased as temperature rose. Figure 30 indicates the actual variations in 
wind power compared to the regional temperature. These two figures should thus be analyzed 
simultaneously. Because figure 30 does not demonstrate the frequency of the production 
variations, only general changes in operation can be analyzed. Furthermore, there are less data 
obtained for the extreme values in the figure, which indicates that these values do not hold the 
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same scientific validation. The variations are e.g. more inconsistent for extremely cold 
temperatures, and do not follow the same clear pattern as the rest of the graph. This means 
that the number of data can be an external factor affecting the results in the graph, and that the 
figure does not accurately represent the actual variations. It is possible that for wind power 
production where data collected were few, variations reach higher and lower levels in reality. 
In the following discussion however, the result will be analyzed only based on the results 
from the figure.  

High heat demand t<-3: During winter when the heating demand rises, Fortum Heat’s 
flexibility is large. According to figure 30, wind power output decreases in the case of 
extremely low temperatures. With an increased share of wind power production in Sweden, a 
decrease in wind power output could result in high electricity prices and even power 
deficiency as electricity consumption reaches its peak during winter. Today, CHP power 
plants are operated in heating only mode during extremely cold temperatures due to liabilities 
towards the company’s DH customers. In other words, electricity production is restricted in 
favor of heating production without taking consideration to market prices. In the future, the 
scenario of low wind power output and high heating demand could be managed by a use of 
both HOBs and CHP, as long as the electricity price exceeds the operation costs for the 
boilers. This is already done today, but the system is nevertheless dependent on the use of 
heating only production, and it is necessary that future power plant operations are more 
differentiated. By combining HOBs and CHP, Fortum Heat would secure that the heating 
demand is met by the boilers, enabling CHP plants to produce both electricity and heating 
combined and thus in higher economic profits while contributing to stabilizing the grid. If a 
peak in heat demand coincides with a low electricity price however, heat pumps should be 
used more frequently and CHP should operate on direct heating mode. However, heat pumps 
will not automatically be superior CHP during low electricity price, as the electricity used for 
heat pumps is taxed. Thus, an economic analysis regarding electricity price, electricity tax, 
heating customer price and fuel costs is always required. 

Medium heat demand -3<t<13: During the days with less extreme temperatures, Fortum Heat 
continues to enjoy a larger flexibility, even though it decreases as temperature rises. Figure 30 
shows that this temperature span coincide with larger production variations from wind power, 
with maximum production of around 80-90% and minimum production of close to 0% of total 
installed capacity. Fortum Heat plans its operation based on electricity prices, and heat pumps 
have operated more frequently in previous years due to the low electricity price. Higher 
fluctuations encourage planning further, and new opportunities can follow as the share of 
intermittent power sources increases. During medium heat demand, the volatility is seemingly 
at its largest, and several scenarios can take place. If the wind power output increases and the 
electricity price consequently drops, Fortum Heat can increase operation of heat pumps and 
electrical boilers. However, as CHP plants would reduce their electricity generation due to the 
low price, more heating would be produced that would cause heat pumps and boilers to ramp 
down. A possible solution could be accumulators, where the heat could be cheaply dumped 
and stored for a day or more.  

In the case of negative electricity price electric boilers could have an advantage over heat 
pumps. As heat pumps are considerably more efficient compared to boilers, a negative 
electricity price would indicate a larger profit if more electricity is being used. However, the 
negative price would have to be added to the electricity consumption tax before evaluating the 
two technologies. Accumulators could potentially also in this case play a vital role since as 
much heat as possible should be produced during negative prices. Using accumulators would 
allow CHP plants to operate on maximum effect without taking full consideration to current 



 
  

37 

heat demand. Negative prices have not yet become reality in Sweden but if realized, the 
electricity consumption tax should be modified during said period. The tax could either be 
removed during times when electricity supply is extremely large, or altered to depend on the 
electricity price and thus decrease during negative prices. In the short-term, negative prices 
are unlikely, and heat pumps should be prioritized over electrical boilers.  

If the wind power production suddenly drops, Fortum Heat should instead take advantage of 
the new economic opportunities by increasing the electricity production. This can be done 
through condensing power if the electricity price exceeds the fuel and operational costs for 
boilers, or by ramping up CHP plants to full combined load. It should however be discussed 
that a drop in wind power production would not necessarily cause an increased electricity 
price. The increase in price would depend on the size of the wind power production drop and 
the conditions of the hydropower reservoirs.  

Low heat demand t>13: During the summer when the risk for electricity deficiency increases, 
Fortum Heat’s flexibility is at its lowest. First, the electricity production is limited by a low 
heating demand, where priority is given to waste fired power plants, as could be seen in figure 
18. The waste plants cannot be operated in condensing mode, however, the heat could 
potentially be spilled in the environment in extreme cases. Second, the various plants need 
yearly maintenance, resulting in several CHP not being in operation during the summer. If 
maintenance were not an issue, CHP power plants could operate in condensing mode to 
balance the grid during power deficiencies. However, the electricity prices have to rise 
substantially before Fortum Heat’s limited flexibility during the summer would be profitable. 
Gas turbines would instead be possible, but as they are already part of the reserve capacity 
today, they would only be used during few hours during critically low electricity supply.  

If the electricity price did hypothetically increase to an extent where running in condensing 
mode would be profitable, e.g. if the low wind power outputs coincided with morning peak 
demands of electricity, Fortum Heat would need to plan maintenance hours based on wind 
forecasts and availability of other productions. However, the high costs associated to starting 
a CHP plant constrain the maintenance to take place during complete stages. Maintenance 
could potentially be beneficial during the May and June, when the snow melts and the 
hydropower potential is large. Furthermore, as the year of 1996 proved, Fortum Heat can 
operate its CHP plants in condensing mode during summer, and the maintenance period could 
be limited to only a few weeks. Even so, condensing power does face several challenges also 
in the future and it would not be profitable to maintain the plants in operation without 
implementing large economic incentives that consider not only the actual production but also 
compensates for available capacity. With current composition of electricity sources, 
hydropower is instead a superior candidate for balancing the grid during warmer summer 
days, both short-term and long-term. However, without aid from other energy sources 
reservoirs could dry up, and in the case of years with low quantities of rain, condensing power 
opportunities are large. A simplified summary of what technology should be used based on 
heat demand and electricity price can be seen in table 11. 
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Table 11, Fortum Heat technologies based on heating demand and electricity price 

 High electricity price Low electricity price Negative electricity price 

High heat demand CHP + HOB CHP direct heat/Heat 
pumps Electrical Boilers 

Medium heat demand CHP CHP direct heat/Heat 
pumps Electrical Boilers 

Low heat demand Condensing/Gas CHP direct heat/Heat 
pumps Electrical Boilers 

The results obtained in this report are based on historical data and does therefore assume a 
future expansion similar to previous growth. In terms of an expansion of wind power, the 
normalized variations between 2011 and 2015 seen in figure 23, 24 and 25 indicate that even 
though specific variances occur, the pattern remains similar. In table 8 it was shown that 
2015’s standard deviations were larger than the previous years, which can most likely be 
explained by 2015 being a particularly windy year. The four remaining years however, are 
similar in terms of variations and standard deviations. It is therefore probable that also future 
variations will remain within the same levels, unless the weather pattern will vary extensively. 
The aggregated variability could not be investigated, as the weather factor could not be 
separated and analyzed individually. However, if the standard deviation for the different years 
is compared to the wind index in table 7, it is clear that weather is not the only factor affecting 
the variability. 2013 was e.g. a normal year in terms of the wind index, but the specific 
standard deviation was larger compared to the other years. There is therefore other factors 
affecting the aggregated variability other than the weather and installed capacity, but it is 
impossible to draw related conclusions at this stage.  

The energy system is undergoing an extensive transformation and new paths will reshape the 
future system conditions. As the obtained results are based on historical data, they are 
validated first when connected to these future conditions, which is why the trends of the 
industry have to be discussed. As mentioned in the theoretical investigation, the operation of 
Fortum Heat is located in SE3 where 30% of the nuclear power will be removed. The current 
scenario includes a decreasing share of nuclear power, as no new investments are made, a 
constant share of hydropower, as there is a limited expansion potential, and an increasing 
share of intermittent energy in the grid. As the ratio between electricity generation and 
installed capacity is relatively low for wind power, the installed capacity required to meet the 
drop in nuclear power will be much larger than the actual demand. Furthermore, if wind 
power replaced nuclear power completely, the fluctuations on the market would increase 
rapidly, and thus also the need for regulating power. It is evident that with a larger share of 
installed wind power the current regulating technology would not be sufficient. As mentioned 
in this report, the risk of power deficiency during warmer summer days will become a 
challenge. Of the technologies investigated in this report, only hydropower and gas turbines 
are currently economically justifiable to use in this scenario. During years of low rain, gas 
turbines will not withstand the balancing requirements to stabilize the entire system.  

It was assumed in this report that no bottlenecks limit the power distribution, which in turn 
would result in different electricity pricing in the country. This is however not always the 
case, and due to the surplus of electricity in the north and the shortage in the south, electricity 
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is usually transmitted from northern to southern Sweden. The nuclear power in southern 
Sweden is furthermore about to decrease. Thus, Fortum Heat’s geographic placement is 
beneficial in a system perspective, as wind power is mainly introduced in SE3 and SE4. By 
maintaining regulating capacity in the same region as wind power, less stress is put on 
distribution lines if instead hydropower in SE1 was to balance wind power shortage in SE4.  

An electrical stability in Sweden is not only important to maintain social aspects of the society 
working, such as lighting, transport and communications, but an unreliable electricity supply 
could alert large electricity intensive industries to leave the country with great economic 
consequences. Furthermore, as electricity is often used for heat production, power 
deficiencies could have immense costs for the country. The frequency quality has over the 
past year decreased, as was seen in figure 5. The increasing share of wind power together with 
the lack of inertia for the power plants indicate that the frequency quality is unlikely to 
improve unless unforeseen technological innovations enter the market. Thus, reports like this, 
where new paths are explored to support the increased wind power share is vital. However, 
without being followed by transformations in politics and policies, the market is unlikely to 
find stability on own accord. As current requirements of available regulating power are based 
on a system outlook without consideration to large-scale intermittent power, future policies 
must adapt to the future expansion in wind power, not only in the case of DH companies.  
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6  CONCLUSION  
 The following chapter will present the conclusions based on the results and discussion with 
the intention to answer the formulation of questions that was presented in the Problem 
Statement in Chapter 1. 

 
Wind power production variations increase with a larger time span. On average, hourly wind 
power fluctuations rarely exceed ±2% of installed capacity, whereas variations on a 5-hour or 
12 hour basis typically does not exceed ±9% or ±16% respectively. Hourly variations are thus 
not economically viable to balance for a DH company such as Fortum Heat. However, larger 
variations >5h have a greater economic incentive. Ramping times are for all technologies but 
CHP plants less than five hours, and there is thus no future need for investment in ramping 
time improvements. For CHP plants, ramping times are in line with variations, but would 
require plants to be held in different stand by from heating basic components to synchronized 
free spinning. The costs associated to keeping plants in stand by indicate larger risk taking for 
the company, as MAE for forecasts on this time span lies between 5-15% of installed 
capacity. Improving ramping times would thus lower the risks as forecast accuracy increases 
for smaller time frames and allows better planning. However, the improvements are not vital 
for a flexible operation, but should instead be seen as an additional opportunity to increase 
future profits.  

Fortum Heat enjoys the opportunities of a large technical flexibility due to a differentiated use 
of technology and fuels together with a large share of peak capacity. Planning operation with 
a larger consideration to wind power output is possible, but there are no clear 
recommendations of what technology should be used as it depends on several factors such as 
electricity price, taxes, fuel price, ramping times, maintenance etc. Generally however, with a 
large share of wind power, the need for electricity production will increase during colder and 
warmer temperatures. During colder temperatures, Sweden is particularly vulnerable to power 
deficiencies as electricity is frequently used for heating. As high electricity demand often 
coincides with a high heating demand, Fortum Heat should investigate the possibility to 
decrease its dependency on heat only production, in order to remove temperature based 
limitations in flexibility. These limitations also occur during warmer temperature, as heating 
demand is lower. The flexibility can increase during these periods by planning and shortening 
maintenance periods so that condensing power is available. However, this would require a 
much higher electricity price in order to be economically viable.  
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6 FUTURE WORK 
In this chapter, the necessary future work in this field is presented.  
 

This master thesis has compared the characteristics of the Swedish wind power production 
with the technical flexibility of the DH company Fortum Heat. The characteristics of wind 
power production were concluded to generally be in line with the flexibility of the company. 
In some cases however, the relatively slow ramping times would require the plants to be in 
stand by mode in order to meet some of the faster wind power variations, posing higher 
economic risks for the company. Future work will have to include a risk analysis regarding 
the potential benefits and losses with keeping plants in stand by mode. In general, this master 
thesis has through its investigations highlighted the most important challenges in balancing 
the grid, without giving clear instructions on how to best solve these challenges. It is thus up 
to the DH industry to set up a practical strategy how to plan operations in the future and to 
decide where further research is necessary. Both technological and economical aspects have 
to be investigated in order to find the most appropriate path to an optimized reserve power 
capacity and economic gain. Furthermore, the actions to be taken are not only limited to 
corporation-based research or investments but should be including political attention in order 
to change the conditions of the entire energy industry. It is e.g. important that appropriate 
reserve power is understood as an environmental necessity and given political benefits if 
necessary. Furthermore, a more extensive investigation of wind power characteristics can be 
undertaken by analysing the frequency in the temperature based wind power variations (figure 
30) as the box plot used in this thesis is limited to showing the median, extreme values and the 
quartiles.  
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APPENDIX A: ABSOLUTE VARIATIONS 

 

Figure 31, One-hour variations 2011-2015 
 

 
Figure 32, Five-hour variations 2011-2015 
 

 
Figure 33, Twelve-hour variations 2011-2015 
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Figure 34, Twenty four-hour variations 2011-2015  
 

 
Figure 35, Forty eight-hour variations 2011-2015 
 

 
Figure 36, Seventy two-hour variations 2011-2015 
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APPENDIX B: NORMALIZED VARIATIONS 
 
 

 
Figure 37, One-hour variations 2011-2015 
 

 
Figure 38, Five-hour variations 2011-2015 
 

 
Figure 39, Twelve-hour variations 2011-2015 
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Figure 40, Twenty four-hour variations 2011-2015 
 

 
Figure 41, Forty eight-hour variations 2011-2015 
 

 
Figure 42, Seventy two-hour variations 2011-2015 
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