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Abstract

The New Pricing Model for District Heating

Frida Gidlöf, Mollie Hasselberg, Isac Kylberg

In January 2016 a new pricing model for district heating will be introduced by
Vattenfall in Uppsala. The public housing corporation Uppsalahem is one of
Vattenfall’s biggest customers and by using one of their residential areas, August
Södermans road, a case study was made in order to examine how the new pricing
model might affect Uppsalahem.
According to Vattenfall one reason for the switch is to give incentive for their
customers to use more energy efficient solutions. This was studied by modelling two
energy efficient solutions for the houses at August Södermans road. By changing the
ventilation systems to FTX and invest in improved windows, Uppsalahem would have
been able to save 940 MWh for the year 2013 at August Södermans road. A
comparison between the current and the new pricing model showed that Uppsalahem
would save 9 000 SEK with the new pricing model applied on August Södermans road
at its current condition. If the two energy efficient solutions were taken into
consideration the new pricing model would result in a decrease with 21 000 SEK for
the year 2013.
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1. Introduction                                  

One of the greatest challenges for our society today is how to solve the world's 

environmental problems and repair the damage that has already been made. This has to 

be done at many different levels and reduction of the world’s energy consumption is 

one of them. 

In order to reduce the energy consumption in Sweden, a vision to reduce the total 

consumption with 20 percent between the years of 2008 and 2020 was established by 

the Swedish government [1]. To be able to reach this goal, energy has to be used in a 

more efficient way. According to the Swedish Environmental Protection Agency the 

residential and service sectors are responsible for 40 percent of the total energy 

consumption in Sweden [2]. A part of this percentage is heating houses and buildings 

and it is therefore important to reduce the energy consumption for this type of usage.  

The Swedish state owned company Vattenfall are the biggest heat producers in Europe 

[3]. Their production plant for district heating in Uppsala is the fifth biggest in Sweden 

and delivers heat to 95 percent of the dwelling houses in Uppsala [4]. In their work to 

become more energy efficient Vattenfall provide incentives for their costumers to 

encourage them to save energy. By introducing a new pricing model for district heating 

they want to make it more profitable for their customers to consume heat in a more 

environmentally friendly way [5].  

Vattenfall will introduce the new pricing model for district heating in January 2016. In 

comparison to the existing model, which includes parameters for water flow and energy 

consumption, the new one is updated with one more parameter: heat power 

consumption. The heat power parameter can be calculated by looking at a customer's 

energy consumption during a period of 24 hours. When the power demand is high 

Vattenfall need to complement their combustion with more expensive fuels than the 

usual waste and biomass such as peat and oil, therefore Vattenfall are eager to lower the 

heat power peak. If Vattenfall’s customers lower their heat power requirements 

especially when the heat power demand is high, Vattenfall will be able to reduce their 

production costs [6]. 

This report will study how the new pricing model will affect one of Vattenfall’s biggest 

customers in Uppsala, the public housing corporation Uppsalahem. The new pricing 

model will affect the residential areas of Uppsalahem differently since their potential for 

energy efficiency may vary between their buildings. For example, Uppsalahem own 

dwelling houses that were built during the last 70 years, which might affect their ability 

to implement new energy saving solutions [7]. This report intends to give a better 

understanding of how the pricing model may affect Uppsalahem and if it will function 

as an incentive for Uppsalahem to use more energy efficient solutions.   
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1.1 Aim of the Report 

The aim of this report is to study how Vattenfall’s new heat power tariff for district 

heating will affect Uppsalahem. Vattenfall’s aim for the new pricing model is to allocate 

their customer’s cost in a fairer way. It is expensive for Vattenfall to produce energy at 

periods with high power demand and customers that use energy at those periods will 

therefore be charged with an increased tariff. By updating the pricing model Vattenfall’s 

vision is to give their customers an incentive to use energy efficient solutions and 

decrease the amount of energy produced especially from expensive fuel. Vattenfall see 

this as a step in the direction of sustainable development [8]. 

To estimate if the profit for Uppsalahem will increase by installing energy efficient 

solutions a comparison between the current and the new pricing model will be made. 

The comparison will be made for the dwelling houses with even house numbers on 

August Södermans road in Uppsala. The energy efficient solutions that will be 

compared are a change of ventilation systems and a change of windows. A sensitivity 

analysis with different outdoor temperatures will also be made to get a better 

understanding on how the outdoor temperature affects the current and new pricing 

model.  

 

1.2 Research Questions     

 Will the new pricing model be an incentive for Uppsalahem to use more energy 

efficient solutions by generating a lower cost for district heating compared to the 

current model?                       

 How much will the energy and heat power consumption for heating the dwelling 

houses on August Södermans road decrease by changing ventilation systems and 

windows?  

 

1.3 Delimitations 

In order to study Vattenfall’s new pricing model a case study was made of a living area 

that was selected together with the energy coordinator Tomas Nordqvist at Uppsalahem. 

The selected living area was August Södermans road with even house numbers. Hence 

forth “August Södermans road” will refer to the buildings with even numbers. The 

living area consists of 187 apartments in 11 dwelling houses. The total living area is    

13 020 m
2
 and other spaces like stairwells, laundries etc. will not be taken into 

consideration in this report [9]. 

Vattenfall’s new pricing model will focus on the parameters energy and heat power. The 

water flow parameter will be excluded due to the fact that the parameter depends on the 

customers’ heat exchangers. This parameter will remain unchanged between the current 
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and the new pricing model and therefore it will not make a difference in the comparison 

of this report [8]. 

The two heat power and energy efficiency improvements that were chosen for this study 

are a change of windows and a change of ventilation system. According to Uppsalahem 

a replacement from the current FT ventilation system to a FTX system can save up to 65 

percent of the heat energy consumption. This can be compared to a window replacement 

that might result in a 10 to 30 percent reduction of the heat energy consumption. The 

improvements were selected in regard to the possibility that Uppsalahem decide to 

implement these changes in the future [9]. The investment costs for these improvements 

have not been taken in to consideration in this report due to the complexity of 

calculating the costs of installation and maintenance. 

 

1.4 Structure of the Report  

The following structure will be used in this report. First the reader will be introduced to 

the project and the purpose of the project in the chapter Introduction. To give the reader 

a wider perspective of the studied subject, relevant background facts will be laid out in 

the chapter Background. The methodology of the project and the models that were used 

for calculation in the report are presented in the chapter Methodology. The results of the 

report and a sensitivity analysis are found in the chapter Result. The result will be 

discussed in the chapter Discussion and the report will end with a Conclusion chapter to 

answer the research questions. 
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2. Background 

This chapter lays out a presentation of Uppsalahem and Vattenfall’s pricing models. It 

will also include an introduction to district heating, energy balance and energy 

efficiency solutions to serve as a basis for the Methodology chapter.  

 

2.1 Uppsalahem 

Uppsalahem are one of the biggest housing corporations in Uppsala and provide 

accommodation to nearly 30 000 people. Uppsalahem own several dwelling houses to 

fit the needs of different people [7]. Uppsalahem strive towards an intern policy for 

energy saving in order to become more sustainable. When planning, renovating or 

producing new buildings, the thought of substantial development should be present [10].  

2.1.1 The Object to Study 

Uppsalahem own several kinds of dwelling houses from different time periods and the 

houses are therefore in different conditions. Uppsalahem are also one of the biggest 

landlords in Uppsala and have since 1946 built over 20 000 apartments [7]. 

The object of this study is one of Uppsalahem’s dwelling houses in Gottsunda, a suburb 

of Uppsala. The dwelling houses are found on August Södermans road. These houses 

were built 1972 and were a part of the Miljonprogram [9]. The Miljonprogram was a 

project between 1965 and 1975 to build one million apartments due to acute housing 

shortage. Functionality and fast building was the focus during the Miljonprogram. The 

building techniques have change between the years 1975 and 2015 which is why most 

of the dwelling houses from the Miljonprogram, for example the houses at August 

Södermans road, are in need of renovation [11]. 

 

2.2 District Heating 

District heating is used to supply neighbourhoods or cities with a common heat 

conductions system. District heating systems exist to a great extent in Scandinavia, 

Russia and Eastern Europe. It is possible to divide the district heating system into three 

parts: production plant, distributions lines and heat terminal. 

The raw materials in the production plants are combusted and the heat is stored in water 

under high pressure. The raw materials used in the productions plants are waste, peat, 

biofuel and oil [12]. 

The heated water is transported through the distributions lines to the heat terminal. With 

help from electrics pumps the water is always in circulation in the closed district heating 

system. The heat terminal includes a heat exchanger, pipes and control valves. The 
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purpose of the heat terminal is to transfer heat from the district heating system to the 

customer. 

There are several benefits with a local district heating system compared to individual 

heating systems. For example it is possible to get a better efficiency in a large plant than 

in small ones due to an evener distribution over a period of time. In comparison with an 

individual heating system the peak power is shared between the district heating users. 

This is not possible with an individual heating system where the full peak heat power 

for that system has to be covered. It is also easier to build one local purification system 

with a high grade of efficiency [13]. 

2.2.1 Energy and Power 

Energy can be found in many different forms for example mechanical, thermal, 

electrical, radiant and chemical [14]. Thermal energy, also called heat energy, is a 

passive form of energy stored in solid materials, liquids and gases. Heat energy transfers 

always from one body with higher temperature to another body with lower temperature 

and the transfer of heat only stops when equilibrium between the two bodies has 

occurred [15]. Heat energy denoted by       is calculated with the following formula 

[16]: 

                                 Equation 1 

Table 2.1: Parameters used in Equation 1 

Denotation Parameter Unit 

Qheat Heat energy J 

V Volume dm
3
 

cp Specific heat capacity J/(kg K) 

Ρ Density kg/m
3
 

The difference between energy and power is the ability of energy to be used or stored 

over time while power only can exist instantaneously [15]. The formula in Equation 2 

shows the link between power and energy [17].  

 

       Equation 2 
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Table 2.2: Parameters used in Equation 2 

Denotation Parameter Unit 

P Power J/s or W 

t Time S 

E Energy J or Ws 

 

2.3 Vattenfall 

Vattenfall are a company owned by the Swedish government who produce, distribute 

and sell electricity, heat and gas [3]. Vattenfall are the main actor when it comes to 

district heating in Uppsala [4]. The yearly production of district heating by Vattenfall is 

1.338 GWh which represent 78 percent of the total amount of energy Vattenfall are 

delivering per year in Uppsala. Electricity, process steam and district cooling stand for 

the other 22 percent.  

Waste constitutes the base combustion material and stands for 50.7 percent. When 

needed the waste is complemented with more expensive materials like peat, wood and 

oil which can be seen in Figure 2.1. Figure 2.2 shows when each combustion material is 

used during the year [18]. 

Figure 2.1: Fuel used and energy produced by Vattenfall in Uppsala during the year 

2013 [18]. 
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Figure 2.2: Fuel used during each month during the year 2013 [18]. 

2.3.1 The Current Pricing Model 

The current pricing model which Vattenfall use for district heating is divided into two 

separate alternatives. This makes it possible to choose between an altering pricing model 

and a model with both altering and fixed parts. The altering alternative takes energy 

consumption and water flow into account while the other model includes parts from 

both the altering pricing model as well as a fixed charge.  

The model with fixed and alternating parts consists to 40 percent of the alternating 

charge. The remaining 60 percent of the charge is fixed and calculated based on the last 

year's heat consumption. By adjusting the heat consumption to relate to a statistic 

normal year it is possible to eliminate the effects caused by extreme weather changes. 

This creates a basis comparable to the following year and can therefore be used to 

determine the fixed price for the upcoming year [6].  

Energy  

The cost for energy is calculated by multiplying the energy consumption with the 

current energy price, which changes seasonally between summer and winter [19]. 

Water flow 

The water flow charge is connected to the cold months from October til April and 

depends on the efficiency of each individual heat terminal. The heat exchange process 

of the terminals has different capability when it comes to absorbing heat. By controlling 

the water temperature after passing through the heat terminal, it is possible to see how 

much heat is left in the water. In order to decrease the water flow costs, the customers 

are advised to use a heat terminal with high heat exchange ability. The water flow is 

given by a value described by cubic meter water flow per megawatt hour. This makes it 

possible to compare buildings of different sizes and thereafter calculate a mean value 
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for how much water been used during a month. The actual price a customer has to pay 

for water flow is calculated by a comparison between the houses contacted to the district 

heating system. The customers having a higher value than the mean value has to pay 

extra and customers with a lower consumption than the mean value get part of their 

money returned [8]. 

2.3.2 The New Pricing Model 

In order to become more energy efficient Vattenfall have updated and added one more 

parameter to their pricing model. Vattenfall want to give their customers tools to adjust 

their heat consumption and by doing so also be able to save both energy and money [6].  

The new pricing model still includes the energy and water flow components as well as 

an additional parameter for heat power (see Table 2.3 for an overview). The water flow 

parameter will remain unchanged but an additional period for pricing will be added to 

the energy part of the new model [9]. This period represents the spring and autumn 

months April, October and November and can be seen in Figure 2.3. 

Heat power 

The new heat power parameter was added in order to take the costumers dimensioned 

heat consumption into account. By looking at a customer’s energy consumption during 

24 hours the amount of used heat power can be calculated. If Vattenfall’s customers 

lower their heat power requirements, Vattenfall on their hand will be able to reduce 

their consumption of expensive fuels. The maximal power requirements from 

Vattenfall’s all customers represent the amount of heat power Vattenfall have to be able 

to produce at a specific time [5]. The peak of the heat power occur when the outdoor 

temperature is low and to be able to cover their customers’ needs, Vattenfall have to 

purchase extra fuel in order to deliver the required heat [8]. If Vattenfall were able to 

lower the sum of their customers’ use of heat power, they would not need as big 

production facilities as they have today and still manage to deliver the heat required [5]. 
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Figure 2.3: The different prices according to season. 

 

Table 2.3: Overview of the parameters in the new pricing model [8]. 

Parameter Share of total 

cost 

Cost based on Depends on Pricing model 

Energy   60% Energy consumption 
each month. 

Outdoor 
temperature, 

consumption, 

behaviour etc. 

Three periods with 
different prices. See 

Figure 2.3.   

Power   40% Subscribed heat power 

based on last year’s 

energy consumption. 

Outdoor 

temperature, 

consumption, 

behaviour etc. 

A fixed heat power 

price that is decided 

each year. 

Water flow Altering  

parameter. 

The amount of used 

water flow in relation 

to other costumers use.  

Efficiency of the 

heat terminals. 

An alternating 

charge, depending on 

a comparison 
between costumers.  

 

2.4 Energy Balance 

The energy consumption in a building varies from day to day in regards to different 

needs and requirements. The heating of a building represents a major part of the daily 

energy consumption and energy cost. To keep the heating cost down improvements and 

energy efficiencies can be done to decrease the heat energy consumption. Investments 

in more efficient ventilation and windows can decrease the amount of energy usage.  

 -    

 100,00  

 200,00  

 300,00  

 400,00  

 500,00  

 600,00  

Price/MWh 

The different price periods 
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In an energy balance, buildings are considered a system where energy is passing 

through. The total energy that is brought into the building is the sum of electricity, heat 

production, person heat and solar insolation. The energy losses are the output variables 

of the system for example heat transmission and ventilation [15]. Heat transmission 

losses implicate the heat transportation developed when it is warmer inside the building 

than outside and depend on the thermal insulation in building elements [20].  

 

2.5 Ventilation Improvements 

Ventilation is needed in order to create a good indoor environment for the people living 

in the building and to avoid dampness and mold. By extracting the exhaust air from 

areas like bathrooms, kitchens and laundry rooms the dampness in the air can be 

exchanged with dry supplied air from outside [21]. The Swedish National Board of 

Housing, Building and Planning has established a minimum value for exhaust air per 

second and square meter living area [22]. In order to meet this requirement 

Uppsalahem’s dwelling houses at August Södermans road are equipped with a 

ventilation system of type FT (translated from Swedish “från och till-luft”). The FT 

system can be described as a fan-controlled ventilation where the exhaust air gets 

exchanged with supplied air by fans in the ventilation ports [23]. 

An alternative to FT ventilation is a FTX (translated from Swedish “från och till-luft 

med värmeväxlare”) ventilation system. The FTX ventilation system is able to reuse 

heat by letting the cold supplied outdoor air pass by the warmer exhaust indoor air. The 

system is built with a heat exchanger and two separate ventilation channels. The 

incoming supplied air gets heated and filtered in the heat exchanger which usually has 

an efficiency between 50 to 80 percent. This means that the house heating system does 

not need to heat the percentage of the air that already has been heated in the heat 

exchanger. Energy can therefore be saved by installing a FTX system [24]. 

 

2.6 Window Improvements 

Windows are significant when it comes to saving energy in a house and according to the 

Swedish Energy Agency windows and entrance doors can result in one third of a house 

heat losses [25]. 

To be able to compare different energy saving qualities for windows and other building 

elements a U-value can be used. This value describes the heat transfer coefficient for 

building elements and gives an indication of how well a material insulate the indoor 

environment from the outdoor weather. A low U-value is therefore preferable because it 

corresponds to the rate at which heat transfers through the warm to the cold side of one 

square meter of the window [26].  
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Today’s energy efficient windows have two or three glazing doweled together in an 

isolated pane. The gap between the glasses is gas tight and contains a gas that helps to 

lower the heat energy losses and therefore also the U-value. The most common 

windows in older buildings have two glasses. These types often have a cold inner pane 

due to the high energy throughput [25]. The two glasses windows have a U-value 

between 2.8 to 3.5 W/m
2 K depending on age and condition. This can be compared to 

energy labelled windows produced today that have a U-value between 0.8 to 1.2 

W/m
2 K [27]. 

 

2.7 Sustainable Development 

Sustainable development has become a common phrase used in different contexts. The 

meaning of sustainable development may be indistinct, especially when the phrase 

covers many areas in the society. The frequently used definition of sustainable 

development comes from the World Commission on Environment and Development, 

(WCED), which is: 

”Sustainable development is development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs” [28]. 

This wide definition usually engages three parts: environment, economics and social 

[29]. In this report the environmental aspect will be taken into consideration when 

calculating the result of energy efficient solutions usage on August Södermans road. 

The economic aspect will be discussed as an outcome of using the energy efficient 

solutions. The calculated energy savings will be converted into economically savings. 

Today companies generally take more responsibility towards sustainable development. 

Companies should have a distinct strategy of sustainable development. The strategy 

might not only decrease the companies’ impact on the environment but at the same time 

also decrease their use of resources and thereby also their costs [30]. For sustainable 

development to be a natural part of the development of the society there has to be 

cooperation between three aspects: political decisions, practical solutions and personal 

opinions [31]. Vattenfall’s decision to implement the new pricing model is an example 

of a decision to change the opportunities for its customers to invest in practical solutions 

as a contribution to sustainable development. 
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3. Methodology 

This chapter is a summary of the methodology used for this report.  

In the chapter Background a literature study was made. Relevant facts were studied in 

purpose of getting a better understanding of the subjects: district heating, power 

efficiency and energy efficiency. Interviews with Vattenfall and Uppsalahem were 

carried out to gain knowledge of this report’s investigation object, August Södermans 

road, and its condition. Vattenfall were interviewed to get a deeper understanding of the 

new pricing model. Formulas to calculate the heat power parameter in the new pricing 

model were obtained directly from the interview with Vattenfall. 

Excel was the tool used for calculations. By calculating the heat energy consumption, 

with and without energy efficiency solutions, it is possible to compare the different 

cases. Our calculations of energy usage and the comparison between different energy 

saving solutions are based on the demand of energy and the energy losses for the area 

August Södermans road. These calculations were applied on both the current and the 

new pricing model in order to analyse their differences.  The process and outline for this 

methodology is described in Figure 3.1.   

 

 

Figure 3.1:  Schematic picture describing the parameters in the model. 
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3.1 Model Layout 

This report includes four different models: Vattenfall’s current pricing model, 

Vattenfall’s new pricing model and two created models to calculate the savings in heat 

energy by changing ventilation systems or windows. Vattenfall’s current and new 

pricing model for district heating are described in the earlier chapter Background but in 

this part the mathematics and the formulas behind the models are introduced. 

3.1.1 Vattenfall’s Current Pricing Model 

Uppsalahem’s current contract for district heating is based on Vattenfall’s pricing model 

with both fixed and altering parts. In Vattenfall’s current pricing model the fixed part 

depends on last year’s energy consumption adjusted so it relates to a statistic normal 

year [8]. In this report simplification was made and the fixed part was instead adjusted 

by taking the average of the five last years’ energy consumption. The five years were 

2010, 2011, 2012, 2013 and 2014 in these calculations. The altering part depends on the 

energy consumption of the current year. 

                                 Equation 3 

                                   Equation 4 

Table 3.1: Shows the parameters from Equation 3 and 4. 

Parameter Explanation Unit 

Efixed Energy cost for the fixed part SEK 

Elast year Energy consumption last year kWh 

Efixed price Energy price for the fixed part SEK/kWh 

Ealtering Monthly energy cost SEK 

Emonth Energy consumption current month kWh 

Ealtering price Energy price the current month SEK/kWh 

3.1.2 Vattenfall’s New Pricing Model  

The new pricing model will include one parameter of energy and one of heat power. To 

calculate the two parameters energy and heat power Vattenfall use the following 

equations: 

                 Equation 5 

                    Equation 6 
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Table 3.2: Shows parameters from Equation 5 and 6. 

Parameter Explanation Unit 

Pcost Yearly heat power cost. SEK 

Psp Subscribed heat power. kW 

Pprice Heat power price. SEK/kW 

Ecost Monthly energy cost. SEK 

Emonth Energy consumption the current month. MWh 

Eprice Energy price the current month. SEK/MWh 

The parameter subscribed heat power from Equation 5 is a constant estimated by 

measuring the heat power needed each day during one year. Using this data a linear 

regression can be made, also called heat power signature. The amount of heat power 

needed when the outdoor temperature is −15
 °C will be the subscribed heat power [8]. 

An example of the linear regression of the heat power needed at a certain temperature 

can be seen in the Figure 3.2.  

 

Figure 3.2: Power signature for August Södermans road. 

When the average day temperature is approximately 15 °C and above, depending on 

how the energy efficient of the dwelling house, the amount of heat power needed 

flattens out and starts to be constant. The constant value represents the amount of heat 

power needed to heat the warm water which only can be affected if the usage of warm 

water changes. In this report estimation was made for the heat power needed to heat the 

warm water of an average day to be 72 kW. This value was estimated through 
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comparison between measured usage of energy at August Södermans road and 

calculated energy consumption by given average day temperatures during 2013 [8]. 

The energy parameter can be calculated through the power signature where the amount 

of energy needed at a certain outdoor temperature is an integral during 24 hours. 

Equation 6 shows how the energy cost can be calculated for the new pricing model.  

3.1.3 Ventilation Calculations 

This section introduce a model for a ventilation change. The model will be used to 

estimate how a change from a FT to a FTX ventilation system can affect the energy 

consumption. The parameters that will be used in this section is presented in Table 3.3.  

Table 3.3: Parameters used in Equation 7, 8 and 9. 

Parameter Explanation Unit 

PFT Heat power needed to warm up the 

exchanged air for a dwelling house with a 

FT ventilation. 

W 

ρair Density of the air. kg/m
3
 

cair Specific heat capacity of the air. J/(kg K) 

Fair Air flow m
3
/s 

Qabsorbed heat Absorbed heat J 

V Volume dm
3
 

Tindoor Indoor temperature 
o 
C 

Toutdoor Outdoor temperature 
o 
C 

Aliving Living area m
2 

Xair Air flow constant m
3
/(s m2

) 

The amount of air needed to be exchange by the ventilation system,     , is calculated 

using Equation 7. This value is further used in Equation 9 in order to calculate the heat 

power needed to warm up the exchanged air for a dwelling house with a FT ventilation 

at a specific outdoor temperature. The calculations are based on the outdoor temperature 

during the year of 2013. 

A formulation for thermal transport was used and modified in order to fit the needs of 

this report. Equation 8 shows the original equation for calorimetric which was used as a 

reference to generate Equation 9 and 10 [16].  

                    Equation 7 
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                                         Equation 8 

                                      Equation 9 

The heat power needed to heat the exchanged air in a dwelling house with a FTX 

ventilations system is presented in Equation 10. The FTX system’s degree of 

efficiency,      , was added to eliminate the heat reused in the process. The difference 

between      and     represents the amount of heat power saved in the process.  

                                                Equation 10 

Table 3.4: Parameters used in Equation 10. 

Parameter Explanation Unit 

PFTX Heat power needed to warm up the 
exchanged air for a dwelling house with a 

FTX ventilation. 

W 

     The FTX system’s degree of efficiency. % 

The amount of heat power saved through the ventilation change from FT to FTX 

ventilation was subtracted from Vattenfall’s calculated heat power signature in order to 

create a new modified one. The two different heat power signatures are presented in the 

chapter Result.     

Two heat power signatures were used to calculate the energy usage and the subscribed 

heat power with the existing FT ventilation and with the new FTX ventilation. The 

outdoor temperatures for the year of 2013 were put into the linear heat power signatures 

to calculate the average heat power usage,         , for each day. The calculation of the 

energy consumption per day was made by using an integral which can be seen in 

Equation 11. A summation of the amount of days during each price period can be made 

by using Equation 12 in order to receive the total energy consumption.  

                 
  

  
  Equation 11 

               Equation 12 
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Table 3.5: Parameters used in Equation 11 and 12. 

Parameter Explanation Unit 

Eday Amount of energy consumption each day. kWh 

Eperiod Amount of energy consumption each price 

period. 

kWh 

      The time during 24 hours. h 

Paverage Average heat power per day. W 

The total cost of district heating was calculated through summarizing the heat power 

cost and the energy cost for each price period. The subscribed heat powers for each heat 

power signatures were multiplied with the heat power cost for the specific year to get 

the total heat power cost, see Equation 5. The energy cost was calculated through the 

results from Equation 12 which thereafter were multiplied with the energy cost for the 

corresponding price periods, see Equation 6.  

3.1.4 Window Calculations 

To calculate the amount of energy that can be saved by exchanging the windows at 

August Södermans road, the total window area was calculated. Due to different window 

sizes the combined window area for all the dwelling houses was found by studying 

construction plans provided by Uppsalahem [9].   

Equation 13 and Equation 14 were used to calculate the heat power loss occurred for 

August Södermans road at a specific outdoor temperature. The calculations are based on 

different outdoor temperature during the year of 2013. The current windows have a U-

value of 3.1 W/(m
2
 °C) and the replacement windows have a U-value of 0.9 W/(m

2
 °C).  

                                      Equation 13 

                                      Equation 14 
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Table 3.6: Parameters used in Equation 13 and 14. 

Parameter Explanation Unit 

P3.1 Heat power losses with a 3.1 U-value 

windows. 

W 

P0.9 Heat power losses with a 0.9 U-value 
windows. 

W 

U3.1 or 0.9 The U-value of the specific window. W/(m
2 °C) 

         The combined window area m
2 

Tindoor Indoor temperature 
o 
C 

Toutdoor Outdoor temperature 
o 
C 

The difference between      and      represents the amount of heat power that can be 

saved by investing in new windows. In the same way as in the case with ventilation, a 

new heat power signature could be modelled by subtracting the decreased value of heat 

loss to the already calculated heat power signature.  The temperatures from 2013 are put 

in to the heat power signatures and the same equations as in the ventilation case were 

used to calculate the energy consumption for each price period, see Equation 11 and 12. 

The heat energy and heat power cost were thereafter calculated using Equation 5 and 6.  

 

3.2 Data 

This section discusses assumptions, simplifications and parameters used in the earlier 

section Model Layout.  

3.2.1 Parameters and Assumptions 

In order to create the models used in this report, assumptions were made according to 

Uppsalahem’s wishes as well as valid national authorities’ recommendations.   

The National Board of Housing, Building and Planning is an administrative authority 

which has the liability to superintend the law of planning and construction in Sweden 

[32]. The authority’s recommendation for air flow in dwelling houses was used in this 

report, the minimum advised value is 0.35 dm
3
/(s   m2

). This value was applied on the 

ventilation systems to ensure the recommendation was met [22]. 

Another parameter chosen according to an authority recommendation was the indoor 

temperature. The authority in question is the Public Health Agency of Sweden which 

purpose is to promote and inform about possible health issues. Their recommended 

indoor temperature 20 °C was chosen as the required indoor temperature. Therefore the 

district heating system has to ensure the indoor temperature is kept constant at 20° C 
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regardless of the changing outdoor temperature [33]. The average daily outdoor 

temperatures were obtained from The Swedish Meteorological and Hydrological 

Institute SMHI. Figure 3.3 shows the temperature changes over the year 2013 [34].   

 

Figure 3.3: The average daily outdoor temperatures in Uppsala 2013. 

The parameters used in this report are presented in Table 3.7. In addition to the 

authority recommended values physical quantities like density and specific heat 

capacity for air are included. In this report the air density,     , and specific heat 

capacity for air,     , are set to 1.29 kg/m
3
 and 1.01 10

3 
J/kg K [35]. These values 

change due to the temperature but due to the changes magnitude their values were 

defined as a constant value.  

Table 3.7 also includes the efficiency for FTX ventilation and U-values for the current 

and the potential replacement windows. These values were obtained by Uppsalahem [9]. 
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Table 3.7: Obtained parameter values.  

Denotation Parameter Value Unit 

Aliving Living area 13 020 m
2 

Tindoor Indoor temperature 20 
o
C 

Toutdoor Outdoor temperature 

for calculating the 

heat power signature. 

From –15 to +15 o
C 

Fair Air flow constant 0.35 dm
3
/(s m2

) 

cair Air Specific heat 

capacity 
1.01 10

3
 J/(kg K) 

ρair Air density 1.29 kg/m
3
 

ηFTX Efficiency FTX 80 % 

     The U-value of the 

old windows. 

3.1 W/(m
2 °C) 

     The U-value of the 

new windows. 

0.9 W/(m
2 °C) 

 

Parameters calculated in the earlier sections are presented in Table 3.8 below.  

Table 3.8: Calculated parameters. 

Denotation Parameter Value Unit 

     Air exchange 4 550 dm
3
/s

 

Awindow The combined 
window area  

1 810 m
2
 

3.2 Vattenfall’s Prices for District Heating 

Vattenfall have presented a general pricelist for their business customers on their 

webpage [36]. Due to Vattenfall’s confidentiality when it comes to sharing information 

about specific price agreements the actual heat power and energy prices for Uppsalahem 

could not be obtained for this study.  

Table 3.9 presents the prices that were used in order to calculate the economic aspects 

of the different pricing models and the energy saving solutions.  
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Table 3.9: Vattenfall’s price list of year 2013.  

Prices of year 2013 Current 

pricing model 

New pricing 

model 

Unit 

Energy price  

winter  

303.5 472.1 SEK/MWh 

Energy price summer  106.5 193.7 SEK/MWh 

Fixed price  362.5    - SEK 

Energy price  

spring/autumn  

   - 279.6 SEK/MWh 

Heat power price -  873.3 SEK/kW 
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4. Results  

This chapter presents the results of the calculations from the Methodology chapter. The 

subheadings of this chapter will therefore refer to the corresponding models.  

The heat power signature which Vattenfall constructed, see Figure 3.2, was used as 

reference when comparing the energy saving improvements added to the buildings. By 

representing the heat power signature as a blue line in the following graphs, it will be 

possible to see how different energy saving solutions affect the heat power 

consumption.  

 

4.1 Result of Ventilation Calculations 

Figure 4.1 illustrates the heat power signature with the existing FT ventilation system as 

well as an updated signature for when the FT system was replaced with a FTX system. 

The graph shows the differences in heat power consumption between the ventilation 

systems. According to Figure 4.1 an investment in a FTX ventilation system can 

therefore be expected to lower the subscribed heat power for August Södermans road 

with 166 kW. The value is defined by the difference in heat power between the current 

heat power signature and the modelled one at a temperature of -15C. 

 

Figure 4.1: The power signature for August Södermans road with a FT ventilation and 

FTX ventilation of the year 2013. 

The next figure presents the energy consumption for the houses at August Södermans 

road during the current state as well as with the ventilation improvement. This graph 

shows how an investment in a FTX ventilation system could result in reduced energy 
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consumption. In this case it would be possible to save up to 520 MWh by installing a 

FTX system.    

 

Figure 4.2: The energy consumption for August Södermans road with a FT ventilation 

and FTX ventilation of the year 2013. 

Table 4.1 presents the calculated economic benefits and energy savings an exchange 

from a FT- to FTX system at August Södermans road could result in.  

Table 4.1: Calculated difference between FT- and FTX ventilation. 

 

4.2 Result of Window Calculations 

The graph in Figure 4.3 presents the differences between the current windows and a 

possible window replacement. The blue line still represents the heat power signature for 

August Södermans road at its current state. A comparison between windows with U-

value 3.1 and windows with U-value 0.9 shows how a window replacement could result 

in a reduction of the subscribed heat power with 139 kW.   
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Figure 4.3: The heat power signature for August Södermans road with a 3.1 and 0.9 U-

valued windows of the year 2013. 

Figure 4.4 shows how the energy consumption may change as a result of a window 

replacement. This tells us that an investment in new windows with a 0.9 U-value could 

reduce the energy consumption with 430 MWh. This value is also presented in Table 

4.2 where it is possible to compare the different windows.  

 

Figure 4.4: The energy consumption for August Södermans with a 3.1 and 0.9 U-valued 

windows. 
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Table 4.2: Calculated difference between windows with U-value 3.1 and 0.9. 

 

4.3 Result of Window and Ventilation Calculations 

This section presents the calculated energy savings an investment in both a FTX 

ventilation system and a window replacement can result in. By adding up the individual 

results for each energy improvement a new line for subscribed heat power can be drawn 

in Figure 4.5. As a result of implementing both energy improvements at the same time 

the subscribed heat power will be reduced with 306 kW.   

 

Figure 4.5: The power signature for August Södermans road with both energy efficient 

improvements of the year 2013.  

Figure 4.6 illustrates the changes in energy consumption between the current state and 

the calculated case with both a FTX ventilation system and windows with U-value 0.9. 

The energy consumption decreases with 1 100 MWh by using these improvements.  
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Figure 4.6: The energy consumption for August Södermans road with both energy 

efficient improvements of the year 2013. 

The following table presents calculated results and a comparison between August 

Södermans road at its current state and with the two energy efficiency improvements 

applied.  

Table 4.3: Calculated difference between the heat consumption at August Södermans 

road with and without energy efficient solutions.  
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A comparison between Vattenfall’s current and new pricing model was made in order to 

study the pricing models differences. In Table 4.4 and 4.5 the calculated results of a 
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Vattenfall’s pricing models are constructed. The total change of cost for the studied year 

2013 can be found in Table 4.6. 

Table 4.4: Vattenfall’s current pricing model of the year 2013. 

 

Table 4.5: Vattenfall’s new pricing model of the year 2013. 

 

Table 4.6: The total price difference between Vattenfall’s new and current pricing 

model. 

 

 

 

Current 
state 

With FTX 

ventilation 
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windows 

U-value 0.9 

With FTX 

ventilation and 

windows with U-

value 0.9 

Unit 

Energy 

consumption 
2 450 1 930 2 020 1 510  MWh 
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663 000 519 000 542 000 398 000 SEK 

Fixed cost 912 000 719 000 750 000 562 000 SEK 

 

 

Current 

state 

With FTX 

ventilation 
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windows 

U-value 0.9 

With FTX 

ventilation and 

windows with U-

value 0.9 

Unit 

Energy 
consumption 

2 450 1 930 2 020 1 510 MWh 

Heat power 
cost 

 

656 000 511 000 534 000 389 000 SEK 

Energy cost 910 000 713 000 745 000 550 000 SEK 

 

 

Current 

state 

With FTX 

ventilation 

With 

windows 

U-value 0.9 

With FTX 
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windows with U-

value 0.9 

Unit 

New pricing 

model 

1 566 000 1 224 000 1 279 000 939 000 SEK 

Current 
pricing 

1 575 000 1 238 000 1 292 000 960 000 SEK 

Price 
differences 

- 9000 - 14 000 - 13 000 - 21 000 SEK 
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5. Sensitivity Analysis 

A sensitivity analysis was made to understand how changes in daily average 

temperature affect Vattenfall’s current and new pricing model for district heating. In 

this report the calculations were made by using the daily average temperatures for 2013, 

in following part further evaluations will be made by using daily average temperatures 

for the years 2010, 2011, 2012 and 2014.   

5.1 Method of Sensitivity Analysis 

In the section Model Layout, the models behind calculating the total energy 

consumption and the total district heating cost for the current and the new pricing model 

were described. The same methodology was used for the calculations for the year 2010, 

2011, 2012 and 2014. The average daily temperatures for these years were obtained 

from the database of SMHI [34].  

Adjustments were made to compare the two different pricing models. In this report the 

fixed cost of the current pricing model is based on the average of the years 2010, 2011, 

2012, 2013 and 2014 energy consumption. The fix cost in the current pricing model was 

thereafter set to the same cost during the compared years because of the sensitivity 

analysis only take differences in temperatures in consideration. In the new pricing 

model the heat power signature for 2013 was used for all calculations and therefore 

assumed to be constant between 2010 and 2014. This assumption can be used if the 

residential area is heated with district heating and if no new energy investments are 

made during the chosen years. The heating costs were calculated for the following four 

cases: current condition, improved windows, improved ventilation, and improved 

windows and in combination with ventilation. The result from the current condition will 

be presented in the following section and the results of the energy efficiencies 

improvements will be attached in an Appendix A  

5.2 Results of the Sensitivity Analysis  

The result obtained from the calculations with current conditions is shown in following 

section. If further interest exists the reader will be referred to Appendix A to take part of 

the results from the calculations of the energy efficiencies improvements. Table 5.1 is 

showing the result between the current and new pricing model and from the table it can 

be possible to see the new pricing model increases more in costs than the current pricing 

model when the yearly daily average outdoor temperature decreases.  
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Table 5.1: Summarized the total cost of district heating with the two pricing models and 

how they change due to the average day temperature.   

 

Figure 5.1: The difference when the new pricing model’s total cost is subtracted from 

current pricing model’s total cost. The graph shows the differences between the years 

2010 to 2014. 
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6. Discussion  

The principal focus of this study was to examine the new pricing model for district 

heating Vattenfall will launch in January 2016. The pricing model was studied from the 

perspective of one of Vattenfall’s biggest customers, the housing cooperation 

Uppsalahem. The differences between the current and the new pricing model were 

analysed and a case study was performed on one of Uppsalahem’s residential areas. The 

chosen area, August Södermans road, was used to investigate how applying of different 

energy efficient solutions could affect the energy consumption and how the result would 

differ depending on the construction of the pricing models.  

 

6.1 Energy and Heat Power Consumption  

The calculated energy consumption at August Södermans road was presented in the 

chapter Results and will be further discussed in this section. The focus will henceforth 

be directed towards the results were both energy efficiencies are added to the 

calculations. By studying both improvements the differences in energy and heat power 

consumption will be more significant when comparing to the current state of the 

dwelling houses. This also shows the effect energy efficiency improvements can have if 

implemented to function together.  

The district heat consumption for August Södermans road, without any energy 

efficiency improvements, was calculated to 2 450 MWh. This amount decreased to 

1 510 MWh when a modeled FTX ventilation and windows change were added to the 

calculation. The improvements also resulted in a reduction of the subscribed heat power 

with 306 kW. By lowering the heat power peak, of the heat power signature, 

Uppsalahem will be able to lower their district heating costs. Uppsalahem should 

therefore strive to change the looks of their heat power signature from a diagonal line to 

a more horizontal, by consuming heat power more even throughout the year.  

 

6.2 Comparison between the Current and the New Pricing 

Model 

According to the calculated results for the year of 2013 Uppsalahem could have saved 

9 000 SEK with the new pricing model compared to the current one. If Uppsalahem 

would have invested in energy efficiency improvements, like FTX ventilation system 

and more efficient windows, the difference in saving would have increased to 21 000 

SEK for the same year.  

The result from the sensitivity analysis shows the impact of the outdoor temperature on 

the energy consumption and therefore also on the total cost for district heating. 

Depending on the construction of the pricing models, their sensitivity to outdoor 
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temperature changes may vary. The outdoor temperature dependence of the pricing 

models shows by studying the results in the chapter Sensitivity Analysis and Table 5.1. 

The year 2014 was the warmest of the studied years with an average daily outdoor 

temperature of 8.1 
o 

C. By applying the new pricing model, to the year of 2014, 24 000 

SEK could be saved compared with the current model. The coldest of the studied years 

was the year of 2010 with an average daily outdoor temperature of 5.1
 o 

C. For this year 

the current pricing model was more beneficial than the new one and the difference 

between the models was 41 000 SEK.  

One reason why the two pricing models have different sensitivity towards changes in 

the outdoor temperature is the difference in the contexture. In the current pricing model 

the fixed part represent 60 percent and the altering part 40 percent of the total cost. In 

the new pricing model the fixed heat power part represents 40 percent of the total cost, 

which resembles to the altering part in the current pricing model. The new pricing 

model will increase its altering energy parameter with 20 percent compared to the 

current and that is one reason why the new pricing model is more sensitive for 

temperature changes than the current pricing model.   

 

6.3 Sustainable development 

The aim of this report was to study how Vattenfall’s new pricing model would affect 

Uppsalahem. The reason to invest in energy efficient solutions is to decrease the use of 

fuels for heating and thereby the cost for district heating. If the customers lower their 

energy requirements Vattenfall will be able to lower their combustion, which would be 

a step in the direction of sustainable development. The question is how big this kind of 

reductions has to be in order for a company, like Vattenfall, to definite it as sustainable? 

Today many companies promote themselves as working towards sustainable 

development. The fact that companies are aware of their environmental mark and try to 

make a difference is crucial to create sustainable development in a global scale. Besides 

the laws and restriction concerning environmental matters companies are free to set 

their own definition of sustainable development and marketing their product thereafter. 

Our results show saving opportunities for using energy efficient solutions when 

calculating with the new pricing model. This could interpret to be an incentive for 

Vattenfall’s customers to provide themselves with energy efficient solutions, although 

the saving is small compared to the same possible savings for the current pricing model. 

In Table 4.6 it is possible to see the total cost difference between the current and the 

new pricing model with energy efficient improvements for the year of 2013 would be 

21 000 SEK. By calculation the percentage saved by implementing energy efficiency 

solutions in each model the differences between the models could be defined to only 

one percent. This percent represents the differences between the incentives of the two 

pricing models in the case of August Södermans road for the year 2013. The new 

pricing model has therefore an advantage towards the current when studying the model's 

capability to influence Vattenfall’s customers to invest in energy efficient solutions.  
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6.4 Future studies 

A reason for implementing the new pricing model is, according to Vattenfall, to allocate 

the customer’s cost for district heating in a fairer way. This could be further studied by 

comparing different residential areas with different energy efficiencies improvement 

when the new pricing model has been established and put to use.  

Another aspect to be taken into consideration in future studies is the investment costs 

for the different energy efficient improvements. By adding the investment cost to the 

results found in this report, another outcome could be made and further analysed. 

 

  



35 

 

7. Conclusions  

The results of this study have shown a decrease by 940 MWh in energy consumption is 

possible to achieve by changing the ventilation system to FTX and switching to more 

energy efficient windows. By applying these improvements to both the current and the 

new pricing model the difference between the models has been studied. The calculation 

of this comparison for the year 2013 resulted in a decreased cost for the new pricing 

model with 9 000 SEK for August Södermans road at its current condition. When 

energy efficiency improvements were added to the calculations, the difference between 

the two pricing models increased to 21 000 SEK. These results indicate there is a higher 

incentive to lower the heat power and energy consumption with Vattenfall’s new 

pricing model. In the case of Uppsalahem and August Södermans road the incentive to 

invest in energy efficiency improvements has not change remarkably between the 

models.  
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Appendix A 

Table A.1: Summarized the total cost of district heating with the two pricing models and 

how they changes due to the average day temperature with improved ventilation to 

FTX.   

 

Table A.2: Summarized the total cost of district heating with the two pricing models and 

how they changes due to the average day temperature with improved windows.   

 

 

With improved 

ventilation 
Year 2010 Year 2011 Year 2012 Year  

2013 
Year  

2014 
Unit 

Yearly day 

average 

temperature 

 

5,1 

 

7,8 

 

6,5 

 

7,2 

 

8,1 

 

o 
C 

Total cost 

Current price 
model 

 

1 326 000 

 

1 210 000 

 

1 248 000 

 

1 293 000 

 

1 192 000 

 

SEK 

Total cost 

New price 

model 

 

1 350 000 

 

1 197 000 

 

1 238 000 

 

1 279 000 

 

1 165 000 

 

SEK 

Price difference 

between the two 

price models  

 

 

- 24 000 

  

  

  13 000 

  

      

 10 000 

     

 

    14 000 

 

       

 27 000 

 

 

SEK 

With improved 

windows 

Year 2010 Year 2011 Year 2012 Year 

2013 

Year  

2014 

Unit 

Yearly day 

average 
temperature 

 

5,1 

 

7,8 

 

6,5 

 

7,2 

 

8,1 

 

o 
C 

Total cost 

Current price 

model 

 

1 385 000 

 

1 265 000 

 

1 304 000 

 

1 293 000 

 

1 245 000 

 

SEK 

Total cost 

New price 
model 

 

1 412 000 

 

1 252 000 

 

1 295 000 

 

1 279 000 

 

1 218 000 

 

SEK 

Price difference 

between the two 

price models  

 
 

- 27 000 

  
  

  13 000 

  
      

 9 000 

     
 

    14 000 

 
       

 27 000 

 

 

SEK 
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Table A.3: Summarized the total cost of district heating with the two pricing models and 

how they changes due to the average day temperature with improved windows and 

ventilation to FTX.   

 

 

 

With improved 

windows and 

ventilation 

Year 2010 Year 2011 Year 2012 Year  

2013 

Year  

2014 

Unit 

Yearly day 

average 

temperature 

 

5,1 

 

7,8 

 

6,5 

 

7,2 

 

8,1 

 

o 
C 

Total cost 

Current price 
model 

 

1 027 000 

 

939 000 

 

967 000 

 

960 000 

 

924 000 

 

SEK 

Total cost 
New price 

model 

 
1 033 000 

 
918 000 

 
948 000 

 
939 000 

 
892 000 

 
SEK 

Price difference 

between the two 

price models  

 

 

- 6 000 

  

  

  21 000 

  

      

 19 000 

     

 

    21 000 

 

       

 32 000 

 

 

SEK 


