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Abstract 

 

 The aim of this master thesis project is to make an energy survey for a group 

of apartments and suggestions to change the heating system from electricity to a more 

efficient one. There are in total 73 flats in 21 buildings. All flats are separated in several 

houses from two to five flats in one building. There are two different kinds of flats. One 

with three rooms in one floor, in the following referred to as ‘flat A’  and the other one 

with four rooms in two floors, in the following referred to as ‘flat B’ . [1] 

In the area there are also two buildings for the commonalty. In these buildings there are a 

shelter and several common rooms like a storage and a laundry. In our work these two 

buildings are not included because they are used by everyone inside the community and 

we could not obtain exact values for the used electricity and the water consumption. So 

our work is specialised only on the residential houses. 

The first part of this thesis contains the energy balance for the different kinds of flats to 

see how much energy they consume for heating and hot tap water. To get theses values 

we have to analyse the total energy flow into one flat and compare it with the energy 

which is used because of transmission losses, ventilation losses, hot tap water, electricity 

for the household and natural ventilation and infiltration. 

The total energy consumption for flat A is about 19000 kWh per year and in flat B about 

23200 kWh per year. But the electricity which is used and has to be bought is about 

15600 kWh per year in flat A flat and 17600 kWh in flat B. The rest of the energy is from 

so called free heat caused by solar radiation and internal heat generation. [1] 

These numbers for the electricity need in one year create annual costs of about 

20000 SEK in flat A and 22500 SEK in flat B. To reduce these costs it is necessary to 

know where this energy goes and for what it is used. 

The important parts of the energy balance for this thesis are the transmission losses, the 

losses caused by natural ventilation and infiltration and the used energy for hot tap water. 

The losses caused by mechanical ventilation have also a significant value, but they would 

only affect the new heating system if the ventilation system would be connected to the 

new system. And the electricity used in the household for electrical devices can only be 

changed by the consumer himself. The part which is affecting the energy costs for the 

transmission and natural ventilation losses and the hot tap water sums up to 9240 kWh per 

year in flat A and flat B. This causes costs of about 10000 SEK per year.  

To reduce these costs it is necessary to change the actual heating system. In the following 

we analyse the saving potentials with a change to an air-water heat pump or with a 

connection to the local district heating network. 
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The costs which can be saved with the installation of a heat pump sum up to about 

7000 SEK per year. The installation costs are about 100000 SEK to 125000 SEK 

depending on the different proposed models. If you consider that the existing electrical 

boiler has to be changed anyway in the next years the investment costs for the 

combination with a heat pump decreases. The payback time is then between 9½ and 

13½ years. With assumed increasing electricity prices of 5 % each year the payback time 

decreases to 8½ to 11 years. 

With a connection of each flat to the local district heating network the energy costs for 

heating and hot tap water decreases to 3200 SEK per year. Although the price per kWh for 

district heating is much lower than for electricity the costs are not decreasing a lot 

because of a high annual fixed fee of 7100 SEK. The saved money per year sums up to 

300 SEK and 1000 SEK depending on the electricity contract. The payback time for this 

alternative is between 50 and up to 160 years. 

An alternative to the exchange of the heating and hot water system is to change the actual 

heat exchanger of the ventilation system. With this measure the energy consumption can 

be reduced with less investment costs. The investment costs for a new heat exchanger are 

about 35000 SEK, including a new exhaust hood from the kitchen outwards to reduce the 

contamination of the filters in the heat exchanger. [1] 

The payback time ranges from 13 years in flat A to 21 years in flat B. 
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1. Introduction  

 

 

 

This thesis is a work about alternatives to the replacement of the electrical heating 

system of 73 flats in the Swedish city Gävle. Gävle is the oldest city in Norrland, which is 

the northern part of Sweden. It is situated about 180 km north of Stockholm by the Baltic 

Sea. It is the seat of the Gävle municipality and also the Gävleborg County. Nowadays 

Gävle has about 70000 inhabitants. In the following map the location of Gävle in Sweden 

is shown. 

 

 

Figure 1: Location of Gävle in Sweden [2] 
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The 73 flats of interest to this work are situated in the south of Gävle, in the district 

Hemlingby. 

 

 

Figure 2: Location of Hemlingby in Gävle [3] 
 

These flats are built between 1981 and 1982. When the owners moved in they pooled to a 

community of interests which is named BRF Hemlingby (Bostadsrättsföreningen 

Hemlingby I Gävle). The owners have formed a community board which consists of 

seven board members and five deputies. The board members are elected for two years and 

the deputies for one year. Each spring there is an annual meeting where elections for the 

board members and deputies take place. This community board makes decisions 

concerning the whole community. The reason is to manage and solve problems 

concerning the whole district. An actual problem is the heating system. But first we will 

give a building overview about this district. [1] 
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The houses are ordered like in the following figure. 

 

 

Figure 3: Orientation of the buildings [3] 
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The following four pictures shall give a small overview about the appearance of the 

different buildings. 

 

 

Picture 1: Front view of a building (flat A) 
 

 

 

Picture 2: Side view of a building (flat A) 
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Picture 3: Front view of a building (flat B) 
 

 

 

Picture 4: Side view of a building (flat B) 
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In total there are 21 buildings. Each building consists of between 2 and 5 flats. 

9 buildings are of the kind flat A with altogether 27 flats. Because there are 9 buildings 

we have 18 flats which are at the end of a building and 9 in the middle of a building. This 

is important concerning the heat losses, because the area to the outside is bigger at the end 

of a building. The remaining 46 flats are of the flat B type split into 12 buildings. That 

means 24 flats at the end of a building and 22 in the middle. 

In the area there are also two buildings for the whole community. One in the north part 

and one in the south part of the housing area. In these common buildings there are 

washing machines and dryers for everybody, a storage room and a big shelter. These two 

buildings are not included in our calculations. [1] 

 

This thesis deals with the problem of the heating system of these flats. All the flats have 

an electrical heating system. It consists of an electrical boiler which is installed in each 

flat. This boiler heats the heating water which is pumped to the radiators in the rooms of 

the flat and also supplies hot tap water. Because of the increased price for electricity in 

the last years and also the expected increase of the price in the future the owners of the 

flats want to replace this heating system. Our aim is now to analyse the actual energy 

consumption and make proposals for different kinds of alternative heating systems. 

It is important to know how much of the total energy demand, which is in this case only 

electricity, is used for heating and for the hot tap water. Therefore the first thing to do is 

to make an energy balance of the flats. Proximate we present alternatives to the actual 

heating system, their costs and their cost-effectiveness. The alternatives are an air-water 

heat pump combined with a water tank to supply the radiators with hot water and for the 

hot tap water or the connection to the local district heating network. 

We will also have a side glance to the ventilation system and show the possibility of 

energy savings with a change of the actual heat exchanger to a new one.  
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2. Theory 

 

 

 

2.1 Actual situation [1] 

 

 

2.1.1 Heating System 

 

The flats have an electrical heating system. The heating system consists of an electrical 

boiler which is installed in each flat. 

The most popular is a Nibe EVC 190 with a maximum power of 9 kW. This boiler heats 

up the water to 65 °C. Afterwards the water is pumped to the radiators, which are 

installed in every room. The heat is given off to the room, the cold water flows back to 

the electrical boiler, where it is heated up again to supply temperature. 

 

 

2.1.2 Hot tap water 

 

The hot tap water is heated up by the same electrical boiler and also to a temperature of 

65 °C. Afterwards it is distributed to the several taps in the flat. 

 

 

2.1.3 Ventilation system 

 

Each flat has its own ventilation system. The ventilation system consists of two supply 

inlets and two exhaust outlets. The inlets are installed in the living and bed room, the 

outlets in the kitchen and the bathroom. The ventilation system has a cross flow heat 

exchanger, which transfers the heat from the exhaust to the supply air flow. The 

ventilation system is still from the first days. This is why the efficiency is only about 0.5. 

The efficiency can be calculated with the following formula:  
inplyinex

outexinex

TT

TT

;sup;

;;

−
−

=η   

The supply air is heated up electrically after the heat exchanger before it enters the rooms. 

The air flow in the ventilation system is constant all the year round.  

 



Maier/Schumm 

 12

2.1.4 U-Values 

 

The following table shows the U-Values for the different parts of the buildings which are 

used in the following for the calculations of the transmission losses. 

 

U-Value [W/(m²*K)] 
Roof 0,17 
Wall 0,25 
Floor 0,30 
Window 2,00 
Door 1,00 
Door with glass (50%) 1,50 

Table 1: U-Values 
 

 

 

 

2.2 Theory and method 

 

 

2.2.1 Energy balance 

 

The first thing to do, before you think about several alternative heating systems, is to 

make an energy balance for the flats to see how much energy they consume and how 

much is used for heating and hot tap water. These two values are of interest because the 

heating system and also the hot tap water supply are changed. 

An energy balance is an overview about the energy which enters the flat and on the other 

side the energy which is used. 

 

 

2.2.1.1 Energy balance In 

 

The energy which comes in consists of the bought electricity, the internal heat generation 

and the solar radiation towards the windows. The amount of electricity which is bought 

can be obtained by the bills of the owners. But the internal heat generation and the solar 

radiation have to be calculated.  

For the calculation of the radiation towards the windows we use the table which shows 

the value of radiation in 








∗ daym

W
2

. The solar radiation varies very much over the year 
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but it is only useful during the heating period in the cold month from the middle of 

September until the middle of May. And you also have to consider the direction of the 

window. The following table shows the values for the solar radiation during the heating 

period. 

 

 

Radiation values 








∗ daym

W
2

 

                                                       window direction 

Latitude 60° north North East South West 

January 130 550 2710 550 

February 370 1550 4880 1550 

March 730 3050 6320 3050 

April 1350 4750 6410 4750 

May 2350 5630 5730 5630 

September 900 3520 6130 3520 

October 510 2110 5620 2110 

November 200 840 3480 840 

December 80 350 2030 350 

Table 2: Radiation values per month and window direction [1] 
 

 

With the window area and the given values for solar radiation we calculate the energy 

gained from the sun for each day. Then for one month and later sum the energy for the 

whole year. 

Because the flats have triple-glazed windows not 100 % of the solar radiation can enter 

the room and we have to consider a reduction factor. For a triple-glazed window the 

reduction factor is 0.72. That means only 72 % of the total solar radiation is transmitted 

into the room. In the following table the reduction factors for different kinds of windows 

are listed. 

 

Window type U-value  Calculation factor  

1-glass, normally 5.4 0.90 

2-glass, normally 2.9-3.0 0.80 

3-glass, normally 1.9-2.0 0.72 

special glass 1.0-1.5 0.69 

2-glass, energy glass 1.0-1.5 0.70 

Table 3: Reduction factors for windows [1] 
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To calculate the energy of the internal heat generation for one year the following formula 

is used: 

 

1000

* hQ
E =  [kWh] 

 

Q [W] is the average amount of the heat generated by the people living in a flat, the heat 

from the lights, several technical devices and also the heat from cooking. h is the duration 

in hours. Because we assume an average value for Q for the whole year, the duration h 

sums up to 8760 hours. 

 

 

2.2.1.2 Energy balance Out 

 

The other part of the energy balance is the energy which is used in the flats for the 

household, for the heating-up of the hot tap water and also the losses because of 

transmission, ventilation and natural ventilation and infiltration. 

 

We started the work with collecting information about the building construction. The 

values for the areas of the floor(s), walls and roofs we took from the constructional 

drawings, which were on our hand. The window area we measured ourselves on the spot. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Maier/Schumm 

 15

In the following drawings the layout of flat A respectively flat B is shown. 

 

 

Figure 4: Layout of flat A [1] 
 

 

Figure 5: Layout of flat B [1] 
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To calculate the transmission losses we use the so called “heat transmission number” U-

Value[ ( ) ]
Km

W

∗2
. 

 

Let us explain briefly what a “U-Value”  is and what it expresses. This value stands for 

the amount of heat, which is transferred through a defined material. It is given 

in [ ]
Km

W

∗2
. It shows the amount of heat [W]  which flows through one square meter 

of a material when the temperature difference between both sides of the material is one 

Kelvin. Consequently the heat loss increases with an increasing surface and/or an 

increasing temperature difference. The general formula for heat loss is: 

 

TAUQ ∆∗∗=  

 

Now you can imagine that the energy demand in winter is much higher than in spring or 

autumn because of the temperature difference between indoors and outdoors. This is why 

the energy demand for heating in a warm summer is zero. 

Therefore you generally have to make an energy survey for a whole year to get a good 

result of the energy demand. Energy transmission is a very complex activity. There are 

many factors which influence the energy demand in a positive or negative way. For 

example sun radiation, internal heat production or wind and shading. 
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To calculate a significant annually amount of energy demand we use a table of “degree 

hours”.  

 

 

Table 4: Degree hours [4] 
 

It shows the energy demand depending on the average annual outdoor temperature. The 

unit is [°Ch or Kh]. The chosen value is multiplied with the K-Value 






K

W
 of the defined 

part of the building. This table was once researched by engineers and is now used in 

Europe to design buildings. To calculate the transmission losses through the building 

envelope we use the formula: 

qAUE ∗∗= , 

while the value for AU ∗  is the K-Value 






K

W
. 
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It is calculated for every part of the building (wall, roof…). And then multiplied with the 

value for the degree hours. 

 

qKE ∗=  [W]  

 

This value shows the transmission losses through the building envelope for one year. 

With an indoor temperature of 22 °C and an annual mean temperature in Gävle of 

5 °C [1] we get a value for the degree hours of q=149200 °Ch. 

 

A special case is the calculation for the heat losses through the floor of the houses. You 

have to separate a one meter broad band from the outer area of the floor. 

 

 

Figure 6: Division of the ground floor 
 

This band can be seen as a part of the walls and therefore the heat loss are calculated with 

the formula: 

 

TAUQ outfloor ∆∗∗=;  

 

Whereas U is the U-value for the floor; A the outer area of the floor and ∆T the 

temperature difference between the indoor temperature (22 °C) and the monthly mean 

temperature. 

 

1m 

5°C 
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The monthly mean temperatures are shown in the following table. 

 

Monthly mean temperatures[°C] 

January -5,1 

February -4,9 

March -2,2 

April 3,3 

May 8,7 

June 13,8 

July 16,6 

August 15,3 

September 10,7 

October 5,3 

November 0,9 

December -2,1 

Table 5: Monthly mean temperatures in Gävle [1] 
 

With this method it is only necessary to consider the heating period from the middle of 

September until the middle of May. 

 

The heat losses for the inner area of the floor are also calculated with the same formula: 

 

TAUQ infloor ∆∗∗=; . 

 

The U-Value remains the same but the area is now the inner area of the floor without the 

one meter broad band and the temperature difference is the one between the indoor 

temperature (22 °C) and the mean ground temperature (5 °C). With the time for the 

heating period we obtain the value for the heat losses through the ground. 

The sum of the heat losses through the building envelope and the ground are the total 

transmission losses for one flat. 

 

outfloorinfloortotalfloor QQQ ;;; +=  
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To calculate the losses caused by the ventilation system we also apply the method of the 

degree hours. To calculate the K-Value for the ventilation system we use the formula: 

 

( )ηρ −∗∗∗= 1pv CVK &  

 

This meansV& , the air flow of the ventilation system 








s

m3

, times the density of air 






 = 32.1
m

kgρ  times the heat capacity coefficient for air 








∗
=

Kkg

W
Cp 1005  times the 

efficiency of the installed heat exchanger, which is 5.0=η . [1] 

The following table shows the constant air flows of the ventilation system. 

 

Ventilation total air flows [m³/h]  

 Supply air Exhaust air 

Flat A  100 100 

Flat B  155 155 

Table 6: Ventilation air flows [1] 
 

With the indoor temperature of 22 °C and the annual mean temperature in Gävle of 5 °C 

we get a value of the degree hours of 149200 °Ch. With this value we calculate the heat 

losses through the ventilation system with the formula: 

 

qKE ∗= .  

 

Because the calculation for the heat losses caused by natural ventilation and infiltration 

would be too extensive for this project we assume that these losses are about 15 % of the 

total transmission losses. [1] 

 

The energy which is needed for the heating of the hot tap water depends on the total water 

consumption of the houses. About one third of the total water consumption is heated up 

and used as hot tap water. The water is heated up from 10 °C to 65 °C. [1] 

To calculate the energy demand which is needed we use the formula: 

 

TCmE p ∆∗∗= ,  
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with m as the mass [kg]; pC  the specific heat value of water 








∗
=

Kkg

kJ
Cp 158.4  and 

T∆  as the temperature difference between the cold water (10 °C) and the heated water 

(65 °C). 

The following table shows the water consumption in total and the consumption for the hot 

tap water. 

 

Water consumption 
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Figure 7: Water flows 
 

 

The values for the electricity which is used in the household for electrical specific devices 

we obtain from a table which shows the average use of electricity depending on the size 

of the household. 

 

Size of household Approximate electricity use in kWh  

One person 1600 

Two persons 2800 

Three persons 3900 

Four persons 4500 

Five or more persons 5300 

Table 7: Electricity use for household [5] 
 

We suppose that three people are living in flat A and four people in flat B. 

 

The sum of the transmission losses, the ventilation losses, the losses from natural 

ventilation and infiltration, the heating of the hot tap water and the electricity used in the 

household is the total energy demand of one flat. 
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2.3 Alternative heating systems 

 

 

2.3.1 Heat pump 

 

The first alternative heating system we present is an air-water heat pump. An air-water 

heat pump uses the heat of the outdoor air to heat up water. This heat is exchanged to a 

secondary water cycle in a boiler. If necessary the water can be heated up additionally in 

the boiler. Afterwards the water is distributed to the radiators and to the water taps in the 

flats. In the following figure you can see the schematic diagram of an air-water heat 

pump. 

 

 

Figure 8: Schematic heat pump operating mode [6] 
 

The most important characteristic number for a heat pump is the “Coefficient Of 

Performance” (COP). This number shows the ratio between the output heat and the 

supplied electrical work. 

W

Q
COP=  
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2.3.2 District heating 

 

The second alternative heating system is the connection to the local district heating 

network. In Sweden district heating is a very common method for heating and hot tap 

water supply and the network in Gävle is already good developed. 

The production of district heating happens either in heat-only boiler stations or more 

common in cogeneration with electricity in so called “Combined Heat and Power” plants 

(CHP plant). Cogeneration plants reach much higher efficiencies than normal plants 

which are only used to produce electricity because the waste product heat is also used to 

heat up water for the district heating network. The efficiency of a CHP plant can reach up 

to 90 %.  

The water is distributed from the plant in insulated pipes to the consumer. The 

distribution network consists of two pipes. One feed water pipe which carries the hot 

water to the end user where the heat is exchanged in a heat exchanger. The water from the 

feed lines and the water of the heating system of the end user are not mixed. After the 

heat exchanger the colder water flows back in the return pipes to the plant. [7] 

In the following figure you can see the district heating network for Gävle. 

 

 

Figure 9: District heating network in Gävle [8] 
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The distributor for district heating in Gävle is Gävle Energi. They produce the heat for 

the district heating network in a combined heat and power plant. In 2006 they delivered 

688 GWh of district heating. [9] 

 

 

2.3.3 New heat exchanger 

 

The actual ventilation system consists of a heat exchanger which was installed when the 

houses were built. The ventilation system has a constant air flow all the year round and 

the efficiency of the heat exchanger is very low. With a new heat exchanger with a higher 

efficiency and a variable air flow system the losses through the ventilation system 

decrease a lot. This is an opportunity to save energy with less investment costs than for 

the different alternative heating and hot water systems. 
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3. Process and results 

 

 

 

3.1 Energy balance 

 

The energy balance for the flats contains the energy which comes in, in the form of 

electricity, solar radiation and the internal heat production. On the other side we have the 

energy demand of the flats; it contains the losses due to transmission and ventilation, the 

energy which is used to produce hot water, the electricity use of the household and the 

energy losses due to infiltration and natural ventilation. These two values should be equal 

to have a complete energy balance. The following organigram shows the separation of the 

incoming energy and the used energy. 

 

 

Organigram 1: Schematic energy balance 
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3.1.1 Energy balance In  

 

In flat A the total energy which goes in is about 19000 kWh and in flat B about 

23000 kWh per year. These numbers are consisting of the electricity consumption, the 

solar radiation and the internal heat generation.  

 

Energy Balance IN
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Figure 10: Incoming energy 
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3.1.1.1 Electricity consumption [1] 
 

For the electricity consumption we took a look at the electricity bills of the several flats. 

The consumption of electricity varies a lot between the different flats due to the number 

of people living in one flat, their behaviour and also their electrical equipment.  

We average out the numbers for flat A and flat B. In flat A the average consumption of 

electricity is about 15600 kWh per year. But in the several flats it varies from 12000 kWh 

to 20500 kWh per year as you can see in the following figure. 

 

Electricity consumption flat A
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Figure 11: Electricity consumption in flat A 2003 
 

In flat B the average consumption is about 17600 kWh per year and the variations range 

from 12000 kWh to 28000 kWh per year. The following figure shows the variations of the 

electricity consumption in flat B. 

 

Electricity consumption flat B
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Figure 12: Electricity consumption in flat B 2003 
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3.1.1.2 Solar radiation 
 

The solar radiation is an important part of the energy balance. The energy of the sun 

which is transmitted through the windows is decreasing the heating demand during the 

heating period. To calculate the energy of the solar radiation you consider the windows 

area and also the direction of the window. With table 2(chapter 2.2.1) which shows the 

quantity of sun radiation 








∗ daym

Wh
2

, we calculate the energy of the solar radiation. 

 

Because the solar radiation is only useful concerning the energy balance during the 

heating period from the middle of September until the middle of May we consider only 

these month for our calculations. Another thing we have to take into account is that the 

windows do not let pass 100 % of the radiation. The windows in these flats are triple-

glazed which reduces the power to 72 %. 

In compliance with these requirements the energy of the solar radiation in flat A varies 

between 1460 kWh and 2120 kWh per year according to the different orientation of the 

buildings. 
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Figure 13: Solar radiation energy 
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The power of the solar radiation in flat B varies between 2800 kWh and 3140 kWh 

depending on the orientation during the heating period. 
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Figure 14: Solar radiation energy 
 

Because the houses are facing in different directions we make an average from one which 

faces to the south and one which faces to the west. In flat A the average energy from solar 

radiation is about 1800 kWh per year and in flat B it is about 2970 kWh per year. 
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Figure 15: Average solar radiation energy 
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3.1.1.3 Internal heat generation 
 

Internal heat generation means the energy which is produced by the people living in a flat 

due to their activities. And it also considers the heat emitted from electrical devices like 

lightning and from activities like cooking. 

With an average internal heat production of 200 W in flat A the total energy for one year 

is about 1750 kWh. In the bigger flat B the average internal heat production is 300 W and 

so the total energy is about 2630 kWh per year. 
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Figure 16: Internal heat production 
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3.1.2 Energy balance Out 
 

For flat A we calculate the energy consumption in average of about 19000 kWh per year. 

If we look at the several flats we have little variations in the consumption of the flats 

which are at the end of a building and those which are in the middle. This is because the 

flats at the end have a bigger wall area to the outside and therefore higher transmission 

and infiltration losses. The consumption of a flat at the end is about 19300 kWh and for a 

flat in the middle about 18200 kWh per year. 

In flat B the use of energy is apparently higher. We calculate an average of about 

23200 kWh per year. Separated in the flats we have different consumptions of 22200 kWh 

for those in the middle and 24000 kWh for those at the end of a building. 
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Figure 17: Used energy 
 

 

3.1.2.1 Transmission losses 
 

The transmission losses are the biggest part in the energy balance. The losses through the 

outer shell of the buildings have a main impact on the heating costs for a building. To 

calculate the transmission losses we take the method of degree hours. We consider all the 

losses through the walls, the roof, the windows and the doors. With the area for each part 

and the specific U-Value we calculate a K-Value for every part. 

 

AUK ∗= . 
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The following table shows the K-Values for transmission. 

 

K-Value [W/K] B inner  B outer  A inner  A outer  

Roof 11,41 11,41 13,78 13,78 

Wall 19,27 29,12 11,15 17,59 

Window 15,90 15,90 11,09 11,09 

Door 1,80 1,80 1,80 1,80 

Door with glass (50%) 2,70 2,70 2,70 2,70 

Total K-Value 51,08 60,93 40,51 46,96 

Table 8: K-Values for transmission 
 

The sum of these values is the total K-Value. With an indoor temperature of 22 °C and an 

annual mean temperature of 5 °C [1] we obtain a value for the degree hours of 

149200 °Ch.  

With the following formula we calculate the transmission losses: 

 

qKE ∗=  

 

The transmission losses of flat A sum up to about 7000 kWh for the flats at the end of a 

building and for those which are in the middle of about 6050 kWh per year. The 

transmission losses of flat B are 9090 kWh in the flats at the end of a building and 

7620 kWh per year for those in the middle. 

To get the total transmission losses through the building envelope we have to add the 

losses through the floor. Because the ground temperature is almost constant at 5 °C [1] 

during the year we cannot apply the method of the degree hours. We have to split the 

floor area in an inner and outer area. The outer area is band of one meter width from the 

outside of the wall. This area is affected from the mean outdoor temperature and therefore 

we calculate the transmission losses with the monthly mean temperature in the heating 

period from middle of September until middle of May and an indoor temperature of 

22 °C.  

With the formula 

 

TAUE ∆∗∗=  

 

we calculate the losses for each month. 
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With the same formula we get the transmission losses through the inner area of the floor. 

But there the outdoor temperature is constant with 5 °C. 

The losses through the floor sum up to 2600 kWh per year for those at the end 

respectively 2570 kWh for those in the middle of a building for flat A. In flat B they sum 

up to 2190 kWh respectively 2110 kWh per year. 

 

The total heat losses through the whole building envelope are about 9600 kWh or 

8600 kWh in flat A and about 11300 kWh or 9730 kWh per year in flat B depending on 

their position in the building.  
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Figure 18: Total transmission losses 
 

If we compare these numbers with the total energy consumption we see that the 

transmission losses are responsible for almost the half of the total losses. 

 

 

3.1.2.2 Ventilation losses 
 

To calculate the losses for the ventilation system we also use the method of the degree 

hours. The K-Value for the ventilation is calculated with the formula: 

 

( )ηρ −∗∗∗= 1pv CVK &  

 

The following table shows the K-Values for ventilation. 

 Flat A Flat B 

K-Value [W/K]  16,75 25,96 

Table 9: K-Value for ventilation 
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The exhaust and the supply air flow are constant over the year. It is about 
h

m3

100  in flat 

A and about 
h

m3

155  in flat B. 

With an indoor temperature of 22 °C we obtain a value for the degree hours of 

149200 °Ch.  

The heat losses for the ventilation system are about 2500 kWh in flat A and about 

3870 kWh in flat B. 
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Figure 19: Ventilation losses 
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3.1.2.3 Natural ventilation and infiltration 
 

The natural ventilation and infiltration depends on the pressure difference of the air 

between indoors and outdoors. This pressure difference changes with the outdoor 

temperature, the humidity and the wind speed. It is complex to measure and to obtain 

exact values. A good approximation is about 15 % of the total transmission losses. [1] 

With this assumption we get energy losses caused by natural ventilation and infiltration 

of about 1440 kWh respectively 1290 kWh per year in a flat A at the end of the building 

respectively in the middle. The corresponding numbers for flat B are 1690 kWh 

respectively 1460 kWh. 
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Figure 20: Natural ventilation and infiltration losses 
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3.1.2.4 Hot tap water 
 

The water consumption varies a lot with the number of people living in one flat and their 

different use of water. In flat A the water consumption ranges from 23 3m  to 188 3m  per 

year and in flat B the consumption ranges from 48 3m  to 300 3m . The average total 

water consumption in the several flats is 88 3m  per year in flat A and 126 3m  per year in 

flat B.  
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Figure 21: Water consumption 2003 [1] 
 

Circa one third of the water is heated up from 10 °C to 65 °C and used as hot tap water 

for bathing and other things which require hot water in the flats. [1] 

The energy demand to heat up the water is calculated by 

TCmE p ∆∗∗= .  

The average need of energy for hot tap water is about 1860 kWh per year in flat A and 

about 2670 kWh in flat B as you can see in the following figure. 
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Figure 22: Energy use for hot tap water 
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3.1.2.5 Electricity for household 
 

The electricity which is used in the household varies also with the number of people 

living in one flat and with the present number of technical devices. The average use of 

electricity for a household with four inhabitants, like in flat B, is about 4500 kWh per 

year. And the average electricity consumption for a household with three inhabitants, like 

in flat A, is 3900 kWh per year. [5] 

 

 

3.2 Actual total energy costs 

 

Due to the fact that the flats are heated with electricity the energy costs are equal to the 

electricity costs. The average use of electricity and therefore the energy which has to be 

paid is in flat A 15600 kWh per year and in flat B 17600 kWh per year. 

Right now the inhabitants have a contract with the grid company Gävle Energi and every 

flat has to pay a fixed fee of 2760 SEK per year plus variable costs of 109 
kWh

Öre
 

including taxes. [10]  

The total grid costs are about 4470 SEK per year for flat A and about 4680 SEK for flat B.  

The inhabitants of the flats are free to choose their own electricity supplier. If the 

electricity is also supplied from Gävle Energi there are additional costs composed of a 

fixed fee of 180 SEK per year and variable costs from 95.6 
kWh

Öre
 to 103.4 

kWh

Öre
 [10], 

including taxes and the costs for the electricity certificate, depending if the contract has a 

duration of 6 month, 1, 2 or 3 years. The costs with a 6 month contract are slightly lower 

than with a longer contract but they are only constant for the next 6 month. 

The range for the costs to the electricity supplier for flat A is from 15140 SEK to 

16350 SEK per year depending on the contract duration. The corresponding numbers for 

flat B are from 17020 SEK to 18390 SEK. 

 

The total costs for the electricity including grid and electricity costs and taxes depending 

on the contract sum up to 19600 SEK to 20820 SEK per year for flat A and for flat B to 

21700 SEK to 23070 SEK per year. 
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3.3 Energy demand and costs for heating and hot tap water 

 

The costs and energy demand which is of interest is the one for heating and hot tap water, 

because the ventilation system will not be changed and the consumption of electricity in 

the household will not change too. 

The energy demand for heating is the sum of the transmission losses and the losses 

through natural ventilation and infiltration. The average heating demand sums up to 

10480 kWh per year in flat A and 12080 kWh per year in flat B. If you add the energy 

demand for hot tap water we obtain an energy demand for heating and hot tap water of 

12330 kWh per year in flat A and 14750 kWh per year in flat B. 

The energy for heating is less than the mentioned numbers, because we have to consider 

the free heat from solar radiation and internal heat generation. If we subtract the data of 

the internal heat generation and the solar radiation from the total electricity consumption 

we obtain a value of about 9240 kWh per year for both kinds of flats.  

The costs only for this demand range from 9850 SEK to 10560 SEK per year depending 

on the contract duration in flat A and the corresponding numbers for flat B are the same 

because the demand is almost the same. 

The following table gives a review of the costs. 

 

 Flat A Flat B 

Total heat demand [kWh/year]  9245 9240 

contract duration Heat costs [SEK/year]  

6 month  9849 9844 

1 year  10363 10357 

2 years  10524 10519 

3 years  10565 10560 

Table 10: Costs for heating and hot tap water 
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In the following figure the share of the costs for heating and hot tap water are compared 

to the total electricity costs for a flat. You can see that these costs are almost the half of 

the total costs and therefore there is a big potential for economical savings in this sector. 
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Figure 23 : Comparison between total costs and costs for heating and hot tap water 
 

We can split the consumption and the costs for hot tap water, which are not influenced by 

the solar radiation and the internal heat generation, and for heating. The energy demand 

for hot tap water is the same as mentioned in chapter 3.1.2.4, 1860 kWh per year for flat 

A and 2670 kWh per year for flat B. The difference between theses numbers and those for 

the total heat demand is the energy demand caused by the transmission losses and the 

natural ventilation and infiltration, i.e. 7390 kWh per year for flat A and 6570 kWh per 

year for flat B. 
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The costs for hot tap water in flat A range from 1980 SEK to 2120 SEK per year 

depending on the contract and the corresponding numbers for flat B range from 2840 SEK 

to 3050 SEK per year. The difference to the total costs is the costs only for the heating 

demand. Because this demand is affected by the solar radiation and the internal heat 

generation we cannot split it in costs for transmission losses and costs for natural 

ventilation and infiltration losses. In flat A these costs vary between 7870 SEK 

respectively 8440 SEK per year and in flat B between 7000 SEK and 7500 SEK per year. 

In the following figures the share of heating and hot tap water is shown for flat A and flat 

B depending on the different contract durations. 
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Figure 24: Costs for heating and hot tap water depending on the contract duration for flat A 
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Figure 25: Costs for heating and hot tap water depending on the contract duration for flat B 
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3.4 Required power for the new system 

 

To calculate the required power of the new heating system we calculate the annual power 

demand they use right now.  

The used power for heating is the sum of the transmission losses, the losses of natural 

ventilation and infiltration and the energy for hot tap water. The ventilation system is not 

included because it will remain the same. We get an annual heat demand for a flat A at the 

end of a building of about 12900 kWh and in the middle of a building of about 11760 kWh 

per year. The corresponding numbers for flat B are 15640 kWh respectively 13860 kWh 

per year. The total heat demand for all buildings sums up to 1000 MWh per year. With the 

approximation that the total heat demand is divided by 2500 h we obtain a required 

maximum power of 400 kW for all flats (approximation from Gävle Energi). 

That means the new heating system must have a total maximum power of 400 kW to be 

able to provide enough heat for all 73 flats when the extreme temperature of -22 °C [1] is 

reached.  

To calculate the maximum power for the transmission losses we use the following 

formula: 

 

TKP ∆∗=   

 

With an extreme temperature of -22 °C we obtain values from 1.7 kW to 2.6 kW for the 

different kinds of flats. The losses through the floor cause a lower effect because for the 

inner area of the floor the extreme temperature is only 5 °C. The sum of the required 

power for the losses caused by transmission and plus 15 % of theses numbers for the 

natural ventilation and infiltration give us a maximum power of 2.6 kW or 3 kW for flat A 

and 3 kW or 3.5 kW for flat B.  

For the maximum power for the hot water we take the following formula: 

 

TCmP p ∆∗∗= & . 

 

While m&  is the annual average flow of hot water in
s

kg
. We multiplied it times 10 to get 

a representative assumption of the maximum power for hot tap water. The flow is still 

less than the flow of an opened tap but the water tank stores enough hot water to provide 

an acceptable flow during peak times. The obtained values for flat A respectively flat B 

are 2.1 kW respectively 3 kW. 
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The total maximum power for the new heating system has to be about 4.7 kW in a flat A 

in the middle of a building and 5 kW for one at the end of a building. The numbers for flat 

B are 6 kW for on in the middle and 6.6 kW for one at the end of a building. 

The following table gives an overview of the required power for the different kinds of 

flats. 

 

  Inner B Outer B Inner A Outer A 
Required power [kW] 6.0 6.6 4.7 5.1 

Table 11: Overview of the required power of the heating system 
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3.5 Changing system 

 

 

3.5.1 Heat pump 

 

The first alternative to replace the electrical heating system is a heat pump. It is about an 

air-water heat pump. That means that the heat is detracted from the outdoor air and is 

delivered to the water of the heating system. We neglect a water-water and solid-water 

heat pump, because of the difficulty of installation and also the high investment costs. 

 

 

3.5.1.1 Operating cycle 

 

 

 

 
Figure 26: Schematic heat pump [11] 

 

Evaporator: 

The fluid (refrigerant) picks up heat from the surrounding and evaporates at a low 
pressure level, e.g. 0.2 MPa. 

Compressor: 

With the help of an engine (compressor) the gas is being compressed at a pressure 
of about 2 MPa and gets hotter, e.g. 60 °C. 
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Condenser: 

The hot gas is condensed by giving off heat in a heat exchanger. The heat is 
transferred to the fluid of the heating system.  

Expansion valve: 

The fluid, which is still under high pressure, flows through the expansion valve. It 
expands and evaporates while the pressure decreases. Then the fluid absorbs heat 
from the surroundings again. 

The cycle is closed. 

 

 

The formula to calculate the efficiency, which is called “Coefficient Of Performance” 

(COP) is for the ideal case: 

 

coldwarm

warm
ideal TT

T

−
=η  

 

warmT : Supply temperature [K]  

coldT : Air temperature [K]  

 

You can see that the efficiency depends on the air and supply temperature. The efficiency 

is increasing with an increasing air temperature and a decreasing supply temperature. 

 

This case is ideal and never reachable. There are always losses such as heat losses. But 

the biggest loss of the heat pump is in the compressor. We assume an efficiency of 

hpη =0.5. 

 

Consequently the COP of the heat pump is: 

 

COP= hpideal ηη ∗ = 5.0∗
− coldwarm

warm

TT

T
 

 

But not only saving money should be of interest, when you are changing your heating 

system from electrical heating to heat pump, also saving energy should be considered. 

With a heat pump the heat is still produced by electricity. Electricity is a secondary 

energy source and must first be produced by primary energy. 
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The electricity in Sweden is produced by about 44 % of hydro power, 47 % of nuclear 

power and the rest by incineration of fossil fuels or bio fuels. [12] 

With the assumption of an efficiency of 33 % of a nuclear power plant, we have to put in 

three times more energy than we get in the form of electricity. Assuming a nuclear share 

of 50 %, finally the total primary energy input is about 1.5 times higher than the output of 

electricity.  

Now we can say that it is also preferable, that the annual average COP should be 1.5 or 

higher. Then we save beside money also primary energy. 

 

COP= hpideal ηη ∗ = 5.15.0 ≥∗
− coldwarm

warm

TT

T
 

 

In the following chapter we choose one popular heat pump and calculated in detail the 

energy consumption, the annual electricity costs and also the pay back time, when it is 

profitable. Afterwards we consider two more heat pumps (Nibe, Euronom), which are 

very common in Sweden.  
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3.5.2 Viessmann Vitocal 350A 10 kW [13] 

 

 

3.5.2.1 General information 

 

This heat pump can be installed indoors or outdoors. It heats up the water for the heating 

system and also for the hot tap water to 65 °C. You need no licence for installation. 

Additionally a new boiler must be bought. 
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C) Evaporator 
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F) Condenser 
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Figure 27: Viessmann Vitocal 350 A 
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The following table shows the most important technical data. 

 

Viessmann Vitocal 

350A 10 kW   

Heat power [kW] 8,5 

Electrical power [kW] 4 

COP [-] -10/50 2,3 

Temperature min [°C] -20 

Temperature max [°C] 35 

Length [mm] 1095 

Width [mm] 1520 

Height [mm] 1370 

Mass [kg] 295 

Table 12: Technical data for Viessmann Vitocal 350 A 
 

The following graphic shows the electrical power input (B) compared to the resulting heat 

output (A) in dependence on the outdoor temperature and the supply temperature of the 

heating system (C). 

 

 

 
 

Figure 28: Performance diagram Viessmann Vitocal 350 A 
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You see that even at -15 °C the heat output is higher than the electricity input. The heat 

pump still works efficient.  

The value of COP compared to the outdoor temperature is shown in the following 

graphic. 

 

 

 
 
 

Figure 29: COP against outdoor temperature 
 

Even at an outdoor temperature of -15 °C the heat pump works efficient. The COP is 

about 1.9 and still higher than the desirable 1.5. 
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The next table shows the monthly average COP in dependence of the outdoor 

temperature. 

 

Month 

Outdoor 

temperatures [°C]  COP [-] 

January -5,1 2,4 

February -4,9 2,4 

March -2,2 2,5 

April 3,3 2,6 

May 8,7 2,8 

June 13,8 3,3 

July 16,6 3,5 

August 15,3 3,4 

September 10,7 3,0 

October 5,3 2,6 

November 0,9 2,5 

December -2,1 2,4 

Table 13: COP against monthly mean outdoor temperature 
 

To build the average COP for a year, we separate between the heat for heating and hot tap 

water. The heating period starts in the middle of September and ends in the middle of 

May. In contrast hot tap water is used all over the year. We assume that the energy 

consumption of these two parts is distributed constantly in the month where it is needed. 

Therefore the arithmetical average of the COP is 2.54 for the heating and 2.78 for the hot 

tap water.  

 

 

3.5.2.2 Saved Energy 

 

Now it is of interest to know the new energy demand and the amount of energy which is 

saved yearly with this heat pump. 

With the heat pump it is possible to decrease the energy demand for the transmission 

losses (walls, windows, etc.), the natural ventilation and also the energy demand for hot 

tap water. In the following chapter the calculations and also results refer to these 

magnitudes. 

With the two COP values, calculated before, you determine the new energy demand. You 

divide the actual consumption by the corresponding COP value. That means that you 
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divide the actual heating demand by 2.54 and the energy demand for hot tap water by 

2.78. 

 

The energy consumption of flat A for heating decreases from about 7390 kWh to 

2910 kWh. This is a reduction of about 61 %. Also the energy for hot tap water decreases 

from about 1860 kWh to 670 kWh. This accords a removal of about 64 %. 

The same calculation is to do for flat B. 

There we have a reduction for heating from about 6570 kWh to 2590 kWh, which is a 

reduction of about 61 %. The energy for hot tap water is reduced from 2670 kWh to 

960 kWh, which is comparable to 64 %. 

 

The following two tables overview the split energy consumption for heating and hot tap 

water for flat A and flat B with and without the heat pump.  

 

Flat A Before [kWh] After [kWh]  Savings [kWh] Savings [%] 

Heating 7387 2911 4476 60,6 

Hot tap water 1858 668 1190 64,1 

Table 14: Energy savings in flat A 
 

Flat B Before [kWh] After [kWh]  Savings [kWh] Savings [%] 

Heating 6573 2590 3982 60,6 

Hot tap water 2668 960 1708 64,1 

Table 15: Energy savings flat B 
 

 

The total energy savings for flat A accords to about 5670 kWh, which is a reduction of 

36.2 % of the old total energy demand. The total energy savings for flat B come up to 

about 5690 kWh, which means a reduction of 32.3 %. The following table overview the 

total savings. 

 

 Savings [kWh] Saving [%] 

Flat A 5666 36.2 

Flat B 5691 32.3 

Table 16: Total energy savings 
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3.5.2.3 Electricity costs 

 

The electricity costs are depending on the concluded electricity contract. There are four 

different contracts which can be chosen. These are shown in the following table. 

 

Contract Elec. costs [SEK/kWh] 

6 month 0,9563 

1 year 1,0119 

2 years 1,0294 

3 years 1,0338 

Table 17: Electricity price from 1st April 2008 [10] 
 

The yearly electricity fee is for all four contracts the same and amounts to 180 
year

SEK
. 

The grid costs are 0.109 
kWh

SEK
. The annual grid fee depends on the power input of the 

grid. It is shown in the following table. 

 

Contract type [A]  Grid costs [SEK/year] 

16 Ampere 1936 

20 Ampere 2761.5 

Table 18: Annual fixed grid connection fee [10] 
 

The following example is related to the 6 month contract. 

 

With the installation of a heat pump the energy costs for heating and hot tap water are 

decreasing. We sum up the savings in the following table. 

 

Flat A Before [SEK] After [SEK]  Savings [SEK] Savings [%] 

Heating 7869 3101 4768 60.6 

Hot tap water 1979 711 1268 64.1 

Table 19: Economic savings flat A 
 

Flat B Before [SEK] After [SEK]  Savings [SEK] Savings [%] 

Heating 7002 2759 4243 60.6 

Hot tap water 2842 1021 1821 64.1 

Table 20: Economic savings flat B 
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Now it is of interest to see how much money is saved in consideration of the whole 

electricity demand. The savings are smaller than the saving amount of heating or hot tap 

water, because now the electricity for household and ventilation losses is also included. 

 

But a positive secondary effect is that the contract type is changed. Actually the used 

contract type is 20 Ampere. With the heat pump the electricity demand is decreasing and 

therefore the electricity power too. Thus the cheaper contract with 16 Ampere is chosen. 

 

According to the 6 month contract, in flat A about 6860 
year

SEK
 is saved. This is a 

reduction of 35 %. In flat B the total savings are about 6890 
year

SEK
 which are equal to 

31.7 %. Is a 3 years contract chosen, the saving costs sum up to 7300 
year

SEK
 for flat A 

and 7330 
year

SEK
 for flat B.  

For a better overview the results are shown once more in the following table. 

 

 Savings [SEK] Savings [%] 

Flat A 6862 35 

Flat B 6889 31.7 

Table 21: Total cost savings 
 

 

3.5.2.4 Installation costs 

 

The installation costs are depending on the installer. According to the information of the 

local installer VVS Installatören AB, Strömsbrovägen 35, 803 09 Gävle, you should cost 

out with about 10000 SEK for each heat pump. Because of the big amount of heat pumps 

for all flats in the community it is considerable to get a quantity discount. 
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3.5.3 Alternative heat pumps 

 

Beside the heat pump of Viessmann we want to mention two more heat pumps, which are 

cheaper and much more common in Sweden. We talk about the Euronom Exo Air Polaris 

[14] and the Nibe Fighter 2020-10 [15]. Both work up to -20 °C and have more or less 

the same COP distributed over the whole year. 

The following table lists the three heat pumps and their total investment costs [SEK]. 

 

Heat pump Total Investment [SEK] 

ViessmannVitocal  125000 [16] 

Euronom Exo Polaris  120713 [17] 

Nibe Fighter 100000 [18] 

Table 22: Total prices for different heat pumps 
 

 

 

3.5.4 Payback time 

 

The present installed electrical boiler is from the first days and must be changed in the 

next years anyway. So we include the price for this electrical boiler in the investment 

costs of the heat pump when we want to calculate the payback time.  

A comparable new electrical boiler is the Nibe EVC 270. It can be ordered with 8kW or 

10kW which is similar to the old one with 9kW. [19] 

 

Electrical boiler Price [SEK] 

Nibe EVC 270 27500 

Table 23: Price for a new electrical boiler 
 

The payback time for the Viessmann Vitocal A350 comes up to 13 and 14 years 

depending on the electricity contract. If the electricity price is increasing 5 % every year, 

the payback time falls to 11 years. 

 

The payback time for the Euronom Exo Polaris 10 comes up to between 12 and 13 years 

depending on the electricity contract. Considering an increasing electricity price of 5 % 

each year, the payback time decreases to about 10½ years. 
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The payback time for the Nibe Fighter 2020-10 comes up to between 9 and 10 years 

depending on the electricity contract. For this case we neglected increasing electricity 

prices. If we consider this aspect, the payback time is smaller. With an increasing 

electricity price of 5 % each year the payback time decreases to about 8½ years. 

The following table shows the payback time in an overview. 

 

 Payback time without 

increasing electricity 

price[a] 

Payback time with 

increasing electricity price 

[a] 

Viessmann Vitocal 13½ 11 

Euronom Exo Polaris 10 12½ 10½ 

Nibe Fighter 2020-10 9½ 8½ 

Table 24: Pay back time for alternative heat pumps 
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3.5.5 District heating 

 

The second alternative for the electrical heating system is district heating. It is possible to 

connect to the district heating grid of Gävle Energi. Several houses in the neighbourhood 

are already connected. That signifies that the pipes are already installed next to the 

community. The connection to the existing district heating grid is not too complex. 

 

 

3.5.5.1 Gävle Energi [20] 

 

First of all we want to give some information about Gävle Energi. The company is 

situated in the north of Gävle. They produce electricity with hydro power and by 

incineration of bio fuels, mainly bark (Johannes plant). 

In this plant the efficiency is about 30 %. The “waste product” heat is fed into their 

district heating grid where it is distributed to accommodations in the near surrounding. 

That means that the heat with which the community can be supplied in future is to 100 % 

renewable. At the moment they deliver 688 
year

GWh
. The community in Hemlingby 

consumes about 1 
year

GWh
. This demand forms a very small share. We can assume that the 

connection to the grid system of Gävle Energi will be no problem for the future. There is 

still enough heat available for all customers. 

 

 

3.5.5.2 Grid connection [21] 

 

As previously noted in the chapter 3.5.5 the district heating grid is already installed close 

to the community. Consequently the distance to the existing grid is neither big nor of a 

technical effort. 

The heating system works with a heat exchanger. The heat is delivered in an insulated 

tube to the flats in form of hot water. In the flats heat exchangers are installed. There the 

heat is transferred from the hot supply water to the heating water and to the hot tap water. 

The chilled feed water flows back to the CHP plant where it is heated up again. The 

supply temperature in summer is 70 °C and in winter 118 °C.  

The old water tank is removed because with the heat exchanger there is now a 

continuous-flow heater. That means that heating water or hot tap water is only heated up 

in the moment when it is necessary.  
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The heat exchanger has an acceptable size (60mm x 70mm x 45mm) related to the present 

boiler. There is no problem of space. 

 

Whereat there are two types of grid connection possibilities which are explained in the 

following two chapters.  

 

 

3.5.5.3 Connection to each flat 

 

The first possibility is to connect each flat to the grid. This means that each flat has its 

own connection and heat exchanger. 

 

 

3.5.5.3.1 Investment costs [21] 

 

The investment costs arise out of the costs for the connection to the grid system and the 

heat exchanger and add up to 55000 SEK. 

 

Device Investment costs [SEK] 

Grid connection 55000 

Table 25: Investment costs for district heating 
 

 

3.5.5.3.2 Current costs [21] 

 

The current costs depend on the electricity and the heat from district heating which is 

used. The costs depend on the electricity contract which is chosen and also on the 

behaviour of the customer. 

With the connection to the district heating grid we have to separate the old electricity 

consumption into replaceable electricity, energy for heating and hot tap water, and non 

replaceable electricity, electricity for cooking, lightning and electrical devices. The 

current costs for one kWh heat of district heating are 0.35 
kWh

SEK
. 
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Therefore the current costs for heating and hot tap water decrease from about 9850 
year

SEK
 

to 3240 
year

SEK
 . 

 

The following table gives a brief overview. 

 

 Old costs 

(heating + hot 

tap water) 

[SEK] 

New costs 

(heating + hot 

tap water) 

[SEK] 

Savings [SEK] Savings [%] 

Flat A 9849 3236 6612 67.1 

Flat B 9844 3235 6609 67.1 

Table 26: Cost savings for heating and hot tap water with district heating 
 

 

3.5.5.3.3 Fixed costs [21] 

 

Because of the decreasing electricity demand the contract type is changed from 

20 Ampere to 16 Ampere. Therefore the grid costs are decreasing, shown in the following 

table. 

 

Contract type [A] Grid costs [SEK/year] 

16 1936 

20 2761.5 

Table 27: Fixed grid costs 
 

The annual fixed fee for the grid connection amounts to 7100 
year

SEK
, which is paid to 

Gävle Energi. It has a large negative influence on the savings. 

 

Therefore the total annual costs for electricity, district heating and the fixed fees sum up 

to 19270 
year

SEK
 for the flat A. For flat B up to 21370 

year

SEK
. The annual fixed fee has an 

amount of more than twice than the costs for the supplied heat. This is why almost no 

money is saved. 

 



Maier/Schumm 

 58

The following table shows the annual total energy costs including electricity and district 

heating. 

 

 Old total costs New total costs Savings [SEK] Savings [%] 

Flat A 19607 19268 339 1.7 

Flat B 21706 21371 335 1.5 

Table 28: Total savings with district heating 
 

Little money is saved per year. In consideration of the investment costs of 55000 SEK the 

payback time is very high. It is around 164 years for the 6 month contract and 52 years 

for the 3 years contract. 

 

Payback time [a] Flat A Flat B 

6 month [16A] 164 162 

1 year [16A] 65 64 

2 years [16A] 54 54 

3 years [16A] 52 52 

Table 29: Pay back time for the district heating connection 
 

 

3.5.5.4 Connection to each building 

 

The second possibility is to install one common connection and one heat exchanger for 

one whole building (includes between two and five flats).  

But therefore you have two problems coming up. 

-Pipes inside the building have to be installed to distribute the heat from the heat 

exchanger to the several flats. 

-The second problem is the cost sharing of each flat. As you know from chapter 3.1.1.1 

the energy consumption is not equal for each flat and differs more than twice. An equal 

cost sharing is undesired. For this reason you have to install additionally heat meters at 

the heat exchanger for every flat, which are recording the flow and the temperature 

difference of the incoming hot water to share the energy costs fairly. 

 

The investment costs for this connection are much more different. We can only say that 

the heat exchanger is larger and therefore more expensive. The connection is more 

complicated as explained in the clause above. The costs for it are defrayed by the several 
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flats of a building. The investment costs and mainly the fixed costs depend on Gävle 

Energi how they distribute them among the flats. 

 

 

 

3.6 Changing the heat exchanger 

 

An alternative to save energy combined with less investment costs than for the other 

alternatives concerning the heating system and the hot tap water is to change the heat 

exchanger of the ventilation system. The installed heat exchanger is very old; it is still the 

one which was installed when the houses were built in 1982. The efficiency is only about 

0.5. [1] 

If we change the heat exchanger to a new one with an efficiency up to 0.8 we save about 

60 % of the losses of the ventilation system compared to the old heat exchanger system. 

The values in the following tables are for a constant air volume system (CAV). 

 

Ventilation losses [kWh/year]  

 Flat A Flat B 

Old heat exchanger 2499 3874 

New heat exchanger  1000 1549 

Savings in % 60 60 

Table 30: Energy savings with a new heat exchanger 
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Figure 30: Ventilation losses with a new heat exchanger 
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One possibility is the heat exchanger HERU 50S from the company AB C.A. Östberg. 

[22] 

The heat exchanger costs 18200 SEK. But with the installation you must also install a 

separate extractor hood in the kitchen. 

The exhaust air, removed from the kitchen, contains a lot of fat. The fat sticks in the heat 

exchanger and decreases the efficiency. It is compulsory to install this device; otherwise 

the installation of a new heat exchanger is senseless. The total price for the HERU 50S, a 

separate extractor hood in the kitchen and the working time is about 35000 SEK. [1] 

The payback time therefore is about 21 years for flat A and 13 years for flat B depending 

on the electricity contract. The difference between flat A and flat B is big because of the 

different air flow. It is much higher in flat B, that is why more energy is saved and 

therefore more money. 

The following table shows the annual saved energy. 

 

 Saved energy [kWh/year]  

Flat A  1499 

Flat B  2324 

Table 31: Saved energy with a new heat exchanger 
 

The following table shows the payback time for the new heat exchanger. 

 

Saved costs [SEK/year]  Payback time [a] 

Electricity contract Flat A Flat B Flat A Flat B 

6 month 1597 2476 22 14 

1 year 1681 2605 21 13 

2 years 1707 2646 21 13 

3 years 1714 2656 20 13 

Table 32: Pay back time for a new heat exchanger 
 

There is also another possibility to save more energy with this new heat exchanger. It can 

be run with a variable air flow (VAV). With a delivered remote control the temperature 

and the air flow can be controlled. That means instead of a constant air flow (CAV) like 

now with the old ventilation system the air flow can be varied. This is more efficient and 

adjusted to the needs of the inhabitants. The heat losses are decreasing and also the 

consumption of electricity is decreasing because the ventilators are not working with full 

speed. The variable flow is controlled by the inhabitant with the remote control or 

programmed on the computer which contains a week timer. 5000 SEK [1] must be paid 

extra to run the heat exchanger with this adjustment. 
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But the energy savings depend on the behaviour of the inhabitants. When many people 

live in a flat or spend most of the time at home the air flow cannot be reduced. 

 

You have to consider that the air flow is not allowed to fall below the compulsory value 

of 0.2 






∗ 2ms

l
. 
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4. Discussion 

 

 

 

 An electrical heating system is in times of increasing electricity prices and 

more and more environmental awareness definitely not a good solution. Electricity is a 

high-value energy source because it has to be produced from other primary energy 

sources. So it is necessary to think about different alternatives to this heating method. In 

Sweden the electrical heating was common because of a very low electricity prices. In 

Sweden the biggest part of electricity is produced by hydro and nuclear power. And 

Sweden had its own electricity market which was separated from the European continent. 

Since 1996, when the electricity market was deregulated the prices adjust to the average 

European price. Therefore they increase constantly and the direct electrical heating 

system is no longer a good choice. 

The following table shows the development of the electricity prices from 1996 till 2008 in 

Öre per kWh. The prices are excluding taxes and are from the 1st January of each year. 

From 2007 on the green certificate is included.  

 

Type of 
consumer Average price per kWh, [Öre]  

  1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 

Dwelling, 
flat 28.2 29.2 29.0 27.1 25.8 27.0 35.6 51.9 55.8 48.2 54.4 76.0 72.1 

House 
without el. 
heating 26.7 27.6 26.8 26.3 23.4 24.2 31.6 47.1 50.7 42.5 48.1 69.4 65.5 

House with 
el. heating 24.7 25.9 25.1 24.4 21.8 22.5 29.6 44.7 48.0 39.7 45.0 66.1 62.2 
Agriculture 
and 
forestry 23.7 24.9 24.1 23.1 21.4 22.1 29.3 44.5 47.5 39.0 44.5 65.9 61.7 

Business 
activity - 25.8 24.5 23.3 21.0 22.1 28.8 43.6 46.7 38.3 44.1 65.3 60.9 

Small 
industry 24.0 25.6 24.1 22.8 20.4 22.0 28.5 44.3 45.7 37.8 44.0 64.7 60.7 

Table 33: Development of the electricity price from 1996 to 2008 [23] 
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Our calculations are based on the electricity prices for different contract periods from 

Gävle Energi from the 1st April 2008. Theses prices change every month, so the outcome 

of our calculations will vary with new prices. 

 

The data for the used electricity and the water consumption we use in this project is from 

the year 2003. If we assume increasing energy consumption and also increasing 

electricity prices in future the proposed alternatives become even more cost-efficient.  

As you can see in chapter 3.3 the amount of energy which is used for heating and for the 

hot tap water is about the half of the total energy demand. If we can reduce this amount 

with an alternative heating system it is possible to save a lot of electricity and thereby 

money. 

 

In this project we propose the alternatives heat pump and district heating to replace the 

electrical heating system. 

 

The heat pump also runs on electricity. But because it abstracts heat from the outdoor air 

it needs less electricity to provide the same amount of heat than the electrical boiler. 

One problem of the heat pump is the noise exposure. E.g. the noise exposure of the 

Viessmann Vitocal 350-A is about 66 dB. [13] 

This is nearly the noise value of a normal conversation. [23] 

The noise of the Nibe heat pump is a bit less. In one meter distance the noise exposure is 

about 52 dB to 58 dB [24] depending on the fan speed. In summer the fan speed is lower 

because the heat pump only has to provide hot water for the taps. 

It is important to find a good location for the heat pump that neither the inhabitants nor 

the neighbours are disturbed. 

In consideration of the big amount of heat pumps which have to be installed in the whole 

community a price reduction is assumable. Therefore the investment costs and the 

payback time would decrease. 

 

Another possibility would be to change the heating and the ventilation system at the same 

time. The heat pump could also provide the heat that heats up the air of the ventilation 

system before it enters the rooms. With this measurement it would be necessary to install 

a special heat exchanger. A second additional work would be the pipe connection from 

the boiler to the heat exchanger. Therefore the electricity consumption for the ventilation 

system would decrease a lot because of the replacement of the electrical heater in the heat 

exchanger. Thus the energy costs would decrease even more. 
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District heating is very common in Sweden. About 50 % of the heat market is supplied by 

district heating [7]. The investment costs are very high because you need a network of 

very good insulated pipes from the plant to the consumers. In the last two decades the 

quality of a district heating grid has improved a lot. Nowadays there are fewer problems 

with leakage and heat losses in the pipe system; this contributes to lower maintenance 

costs. 

Once you have that grid system the current costs for heating are much lower than the 

electricity costs. Right now, according to Gävle Energi, the price for one kWh district 

heating is 35 
kWh

Öre
; this is about one third of the electricity price.  

As mentioned before the problem with district heating are the very high investment costs 

for the grid system. Although the pipe network in Gävle is already well developed and 

there are district heating pipes around the community, you still have to dig a connection 

to every flat or house. 

 

The third and last proposal to save electricity is to change the actual heat exchanger. The 

ventilation losses cause a notable share of the total energy losses; therefore it is desirable 

to reduce this amount. With the new heat exchanger the ventilation losses decrease about 

60 % compared to the old one. In total the electrical energy consumption decreases about 

9 %. 

This alternative is not realisable in that way. Additionally to the new heat exchanger you 

have to install a separate extractor hood in the kitchen. This advice avoids soiling the heat 

exchanger. Otherwise the efficiency of the heat exchanger is decreasing after a while. 

This is the reason why this alternative is not very cost-effective. 



Maier/Schumm 

 66

 



Maier/Schumm 

 67

5. Conclusion 

 

 

 

 The aim of this thesis is to analyse the current energy demand and propose 

measurements to achieve economical savings. You can see that almost the half of the 

energy consumption in the flats is used for heating and hot tap water. With reducing these 

demands through more efficient and environmentally friendly alternatives it is possible to 

save energy and costs. 

 

The most cost-efficient alternative proposed in this thesis is the heat pump. Although the 

investment costs are higher the efforts and the payback time compared to district heating 

are lower. 

Compared to the actual heating system it is possible to save about 62 % of the energy 

demand for heating and hot tap water. Compared to the total electricity consumption you 

save about 34 %. These savings equal to about 7000 SEK per year. Because of this saved 

costs the payback time for the installation of a heat pump is passable. For the proposed 

models it is between 8½ and 11 years. 

 

The current costs for district heating from Gävle Energi are much lower compared to 

electricity. The current costs are about 66 % cheaper. But the total saved money is not 

that much because of the very high annual fixed fee. This fixed fee is two times higher 

than the current heat costs. Therefore we think that the connection to the district heating 

grid is more financially rewarding for big heat consumers. Because the whole community 

consumes only 1 GWh of heat per year it seems that Gävle Energi is not interested in 

connecting this area. 

The payback time for this alternative is between 54 and 160 years. If the development of 

the prices for the district heating and also the electricity prices diverge more and more 

this alternative can considered again. 

At present we can only dissuade from this type of connection. 

 

With a changed heat exchanger for the ventilation system it is also possible to save 

energy and money. Not as much as with a new heating system but it is linked with less 

investment costs and is therefore less cost intensive than the other alternatives. But 

because it is necessary to install additionally a new extractor hood in the kitchen the 

investment costs are increasing to 35000 SEK. The ratio between the saved energy and 
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the investment costs is almost the same as for the heat pump. Therefore it seems to be 

also an interesting investment, but the total saved energy is less. That is why the payback 

time varies between 14 and 22 years 

 

Changes on an existing heating system are always linked with high investment costs. If 

you want to save energy costs combined with preservation of resources you have to be 

willing to make investments. 

If you consider that the houses are already older than 25 years the pay back time is a 

deciding argument. This is why we suggest the heat pump as the best alternative to the 

current heating system. 
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7. Appendix 

 

 

 In the following all our calculations are listed. 

 

Overview buildings  
   
   
   
Amount of buildings 21  
   
There are two different types of buildings. Building A with small flat A  
and Building B with big flat B. 
Each building consists of two, three, four or five flats. 
We differentiate between a flat which is at the outside of a building (Outer) 
and a flat which is between two other flats (Inner). 
   
   
Building B 12  
Flat B 46  
Outer B 24  
Inner B 22  
   
   
Inner B [m²]  
Floor 1st 67,1  
Floor 2nd 41,7  
Wall 1st incl. window 50,8  
Wall 2nd incl. window 37,8  
Window 1st 5,8  
Window 2nd 2,1  
Door 1,8  
Door with glass (50%) 1,8  
Roof 67,1  
 
   
Outer B [m²]  
Floor 1st 67,1  
Foor 2nd 41,7  
Wall 1st incl. window 74,2  
Wall 2nd incl. window 53,9  
Window 1st 5,8  
Window 2nd 2,1  
Door 1,8  
Door with glass (50%) 1,8  
Roof 67,1  
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Building A 9  
Flat A 27  
Outer A 18  
Inner A 9  
   
   
Inner A [m²]  
Floor 81,0  
Wall incl. window 53,7  
Window 5,5  
Door 1,8  
Door with glass (50%) 1,8  
Roof 81,0  
   
   
Outer A [m²]  
Floor 81,0  
Wall incl. window 79,5  
Window 5,5  
Door 1,8  
Door with glass (50%) 1,8  
Roof 81,0  
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Electricity consumption    
      
      
      
We have the amount of electricity consumption of almost all flats of the year 2003.  
It varies up to twice because of the amount of people who are living in one flat 
and their behaviour (washing, cooking…).    
      
      
Flat B [kWh]  Flat A [kWh]  
 11852   12000  
 12386   12620  
 13000   12722  
 13265   12786  
 13500   13000  
 14500   13676  
 14500   13900  
 15000   14000  
 15000   14132  
 15188   14800  
 16000   14820  
 16000   15000  
 16126   15000  
 16369   15224  
 17000   15272  
 17000   15560  
 17104   15974  
 17155   17000  
 17307   17184  
 17343   17464  
 17605   17630  
 17856   18000  
 18182   19061  
 18232   19417  
 18336   20000  
 18344   20503  
 18597     
 18747     
 19480     
 19527     
 20000     
 20000     
 20187     
 20387     
 20886     
 21245     
 22000     
 23660     
 28073     
Sum 686939   406745  
Average 17614   15644  
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Water consumption     

The water consumption of almost all the flats of the year 2003 is shown in the next table. 
We differentiate between Flat A and Flat B.    
Flat B [m³/year]  Flat A [m³/year]   
 48   23   
 60   31   
 62   39   
 71   56   
 72   57   
 75   60   
 77   71   
 86   71   
 87   71   
 96   76   
 98   77   
 99   81   
 101   83   
 102   85   
 107   88   
 108   91   
 108   92   
 109   93   
 110   94   
 110   103   
 112   104   
 115   106   
 117   109   
 117   113   
 122   134   
 122   173   
 127   188   
 129      
 133      
 136      
 138      
 139      
 139      
 144      
 146      
 147      
 150      
 150      
 158      
 160      
 167      
 193      
 199      
 200      
 251      
 298      
Sum 5795   2369   
Average 126,0   87,7   
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Assumption   
   

0,33 of the water is heated for hot tap water 
   
The water comes in with a temperature Tin [°C]  and is heated up to a temperature Tout 
[°C] . 
   
   
Temperature [°C]  
Tin  10  
Tout 65  
specific heat value Cp [kJ/kg*K] 4,158  
   
The annual heat demand for hot tap water is calculated by the following formula: 

TCmE p ∆∗∗=  

   
Heat demand [kWh] Flat B Flat A 
  2667,59 1857,91 
   
   
   
It is also of interest to know the momentary heat power for heating up the hot tap water. 
It will be useful in the following chapter maximal power. 
   
The annual average hot water flow is:  
   
Average hot water flow [kg/s] Flat B Flat A 
  0,00133 0,00093 
   
   
This value is not representable, when we want to know the heat demand for the moment, 
when hot water is used.   
We assumed a value, which is ten times bigger. 
   
Hot water flow [kg/s] Flat B Flat A 
  0,0133 0,0093 
   
   
With the following formula the heat power is calculated: 

TCmE p ∆∗∗= &&    
   
The result is:   
   
Max. power [kW] Flat B Flat A 
  3,05 2,12 
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Solar radiation 
     
     
     
We also consider the solar radiation through the windows.   
Heating-up of the walls, etc. by solar radiation is included in the degree hours.  
     
     
1. Amount of window area and their direction    
     
All flats are directed more or less with their entry to the south or west.  
That means that there are two different positions in which the flats have been built. 
We also consider this aspect.     
     
     
1.1 Flat B     
     
1.1.1 direction to the south (entry)    
     
1st floor     
window area  [m²]    
S     
entry 0,33    
kitchen 1,50    
N     
sleeping room 1,17    
living room 2,70    
W     
toilet 0,15    
living room 0,86    
     
2nd floor     
S     
hall 0,20    
bathroom 0,20    
N     
sleeping room 1 0,86    
sleeping room 2 0,86    
     
sum S 2,22    
sum N 5,58    
sum W 1,01    
     
     
     
1.1.2 direction to the west (entry)    
     
1st floor     
window area  [m²]    
W     
entry 0,33    
kitchen 1,50    
E     
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sleeping room 1,17    
living room 2,70    
N     
toilet 0,15    
living room 0,86    
     
2nd floor     
W     
hall 0,20    
bathroom 0,20    
E     
sleeping room 1 0,86    
sleeping room 2 0,86    
     
sum W 2,22    
sum E 5,58    
sum N 1,01    
     
     
1.2 Flat A     
     
1.2.1 direction to the south (entry)    
     
window area  [m²]    
S     
entry 0,33    
kitchen 0,75    
N     
living room 2,66    
bedroom 1,66    
W     
bathroom 0,30    
     
sum S 1,08    
sum N 4,32    
sum W 0,30    
     
     
1.2.2 direction to the west (entry)    
     
window area  [m²]    
W     
entry 0,33    
kitchen 0,75    
E     
living room 2,66    
bedroom 1,66    
N     
bathroom 0,30    
     
sum W 1,08    
sum E 4,32    
sum N 0,30    
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The following table shows the solar energy, which can be taken for each square meter per 
day 
     
Radiation values [Wh/m²*day]     
     
Latitude 60° north North East South West 
January 130 550 2710 550 
February 370 1550 4880 1550 
March 730 3050 6320 3050 
April 1350 4750 6410 4750 
May 2350 5630 5730 5630 
September 900 3520 6130 3520 
October 510 2110 5620 2110 
November 200 840 3480 840 
December 80 350 2030 350 
     
     
     
     
Now this radiation value is multiplied with the window area and the amount of days per 
month depending on the direction of the window areas. 
As a result we get the amount of Solar energy [Wh] which is separated monthly. It is shown  
in the tables below.     
We only considered the months, which support the heating system while the heating period. 
     
     
Flat B     
Direction to the south (entry)     
     
Latitude 60° north North East South West 
January 22495,5  186502,2 17220,5 
February 57829,5  303340,8 43834,0 
March 126320,7  434942,4 95495,5 
April 226071,0  426906,0 143925,0 
May (half month) 203324,4  197169,3 88137,7 
September (half month) 75357,0  204129,0 53328,0 
October 88251,4  386768,4 66064,1 
November 33492,0  231768,0 25452,0 
December 13843,4  139704,6 10958,5 
      
Sum [Wh] 846984,8 0,0 2511230,7 544415,3 
Sum [kWh] 847,0 0,0 2511,2 544,4 
      
Total sum [kWh] 3902,6    
     
     
Flat B     
Direction to the west (entry)     
     
Latitude 60° north North East South West 
January 4070,3 95173,1  37851,0 
February 10463,6 242258,8  96348,0 
March 22856,3 527778,1  209901,0 
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April 40905,0 795435,0  316350,0 
May (half month) 36789,3 487113,2  193728,3 
September (half month) 13635,0 294729,6  117216,0 
October 15968,1 365118,6  145210,2 
November 6060,0 140666,4  55944,0 
December 2504,8 60564,7  24087,0 
      
Sum [Wh] 153252,4 3008837,6 0,0 1196635,5 
Sum [kWh] 153,3 3008,8 0,0 1196,6 
      
Total sum [kWh] 4358,7    
     
     
Flat A     
Direction to the south (entry)     
     
Latitude 60° north North East South West 
January 17409,6  90478,8 5046,8 
February 44755,2  147161,3 12846,4 
March 97761,6  211005,8 27986,8 
April 174960,0  207107,1 42180,0 
May (half month) 157356,0  95653,8 25830,4 
September (half month) 58320,0  99030,2 15628,8 
October 68299,2  187634,9 19361,4 
November 25920,0  112438,8 7459,2 
December 10713,6  67775,6 3211,6 
      
Sum [Wh] 655495,2 0,0 1218286,2 159551,4 
Sum [kWh] 655,5 0,0 1218,3 159,6 
      
Total sum [kWh] 2033,3    
     
     
Flat A     
Direction to the west (entry)     
     
Latitude 60° north North East South West 
January 1192,9 73656,0  18362,9 
February 3066,6 187488,0  46741,8 
March 6698,5 408456,0  101830,4 
April 11988,0 615600,0  153472,5 
May (half month) 10781,8 376984,8  93984,4 
September (half month) 3996,0 228096,0  56865,6 
October 4679,8 282571,2  70446,6 
November 1776,0 108864,0  27140,4 
December 734,1 46872,0  11685,5 
      
Sum [Wh] 44913,6 2328588,0 0,0 580529,9 
Sum [kWh] 44,9 2328,6 0,0 580,5 
      
Total sum [kWh] 2954,0    
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For a better overview, the solar energy [kWh] is shown once more in the following table. 
     
Solar energy [kWh] Flat A Flat B   
Direction to the south (entry) 2033,3 3902,6   
Direction to the west (entry) 2954,0 4358,7   
     
     
     
Now we build the solar energy [kWh] average for a Flat A and Flat B.  
     
Solar energy [kWh] Flat A Flat B   
Average of south and west 2493,7 4130,7   
     
     
     
Because of the triplex glazing we have to consider that not all solar radiation is transmitted 
into the flat. 
A reduction factor must be taken into consideration.   
     
Window type U-Value Factor   
1-glass, normally 5,4 0,90   
2-glass, normally 2,9 - 3,0 0,80   
3-glass, normally 1,9 - 2,0 0,72   
special glass 1,0 - 1,5 0,69   
2-glass, energy glass 1,0 - 1,5 0,70   
     
     
     
Reduction factor 0,72    
     
The real average annual solar energy [kWh/year], which is transmitted into the flats is: 
     
Solar energy [kWh] Flat A Flat B   
Annual average 1795,5 2974,1   
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Transmission losses    
     
     
     
The transmission losses depend on the total area of the house   
and the U-Value of the different areas, which are shown in the next table.  
     
U-Value [W/(m²*K)]     
Roof 0,17    
Wall 0,25    
Floor 0,30    
Window 2,00    
Door 1,00    
Door with glass (50%) 1,50    
     
     
First of all we calculate the K-Value.     
The K-Value is the multiplication of an area by its corresponding U-value.  
We calculate all K-Values and sum them up afterwards.    
The floor is calculated in another way and can be neglected for this step.  
     
K-Value [W/K] Inner B Outer B Inner A Outer A 
Roof 11,41 11,41 13,78 13,78 
Wall 19,27 29,12 11,15 17,59 
Window 15,90 15,90 11,09 11,09 
Door 1,80 1,80 1,80 1,80 
Door with glass (50%) 2,70 2,70 2,70 2,70 
Total K-Value [W/K] 51,08 60,93 40,51 46,96 
     
     
The K-Value [W/K] must be multiplied by degree hours [°Ch]  to get the heat losses. 
The degree hours depend on the annual average outdoor temperature   
and the indoor temperature of a flat.    
The annual average outdoor temperature for Gävle is 5°C .   
     
Indoor temperature [°C] 17°C 20°C 21°C 22°C 
Degree hours [°Ch] 108200 132400 140800 149200 
     
     
We chose an average indoor temperature of 22 °C.  
     
  Inner B Outer B Inner A Outer A 
Indoor temperature [°C] 22,0 22,0 22,0 22,0 
Degree hous [°Ch] 149200 149200 149200 149200 
     
     
Therefore the heat losses are:     
     
Transmission heat losses Inner B Outer B Inner A Outer A 
[Wh] 7620923,4 9091289,4 6044110,7 7005891,2 
[kWh] 7621 9091 6044 7006 
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The heat losses through the floor are more complex.    
The ground temperature is different compared to the air temperature.   
We assume that a stripe of 1m width of the floor area has the same temperature than the 
air. 
The rest of the floor has always a constant temperature of 5°C.  
A picture is shown for a better overview.    
     
     
 
      
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
Now we separate the floor into two parts. The two parts are called "In" and "Out". 
     
Floor area [m²] Inner B Outer B Inner A Outer A 
In 50,60 40,80 59,58 54,83 
Out 16,50 26,30 21,45 26,20 
     
     
The fist step is to calculate the heat losses of the floor area In   
with a constant temperature of 5°C.    
We multiply the area In by the U-Value of the floor,    
the temperature difference (indoor, ground) and also by the amount of heating days. 
It is heated from the middle of September till the middle of May.   
So we have 242 heating days.      
     
  [°C]    
Constant ground temperature 5    
     
     
Heat losses floor In [kWh] Inner B Outer B Inner A Outer A 
  1501,9 1211,0 1768,5 1627,5 
     
     
 
 
     

1m 
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The second step is to calculate the heat losses of the floor area Out. The losses vary with 
the season.  
The calculation is the same like the upper, there is only a consideration of each month. 
     
Outdoor temperature [°C]    
January -5,1    
February -4,9    
March -2,2    
April 3,3    
May 8,7    
June 13,8    
July 16,6    
August 15,3    
September 10,7    
October 5,3    
November 0,9    
December -2,1    
     
     
     
     
     
Heat losses floor Out [kWh] Inner B Outer B Inner A Outer A 
January 99,8 159,1 129,7 158,5 
February 89,5 142,6 116,3 142,1 
March 89,1 142,1 115,9 141,5 
April 66,6 106,2 86,6 105,8 
May 24,5 39,0 31,8 38,9 
September 20,1 33,2 26,2 32,0 
October 61,5 98,0 80,0 97,7 
November 75,2 119,9 97,8 119,4 
December 88,7 141,5 115,4 140,9 
Total losses floor Out [kWh] 615,0 981,6 799,7 976, 8 
     
     
     
     
The total heat losses through the floor consists of the heat losses floor In   
and heat losses floor Out.     
     
Total heat losses floor [kWh] Inner B Outer B Inner A Outer A 
  2117,0 2192,5 2568,1 2604,2 
     
     
     
The total heat losses are made up of the floor heat losses    
and the other heat losses calculated before.    
     
  Inner B Outer B Inner A Outer A 
Total heat losses [kWh] 9737,9 11283,8 8612,2 9610,1 
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Ventilation   
   
   
   
There is a ventilation system installed in every flat. It consists of a heat exchanger, which 
transfers the heat from the exhaust to the supply air flow.  
The air flow is constant the whole year. But we differ between flat A and flat B. 
   
   
Flat A   
   
Air flow [m³/h] Supply air Exhaust air 
Kitchen  36 
Sleeping room1 30  
Sleeping room2 30  
Living room 40  
Clothes room  10 
WC  54 
Total flow V 100 100 
   
   
   
Flat B   
   
Air flow [m³/h] Supply air Exhaust air 
Kitchen  36 
Sleeping room1 35  
Sleeping room2 35  
Sleeping room3 35  
Living room 50  
WC 1st  54 
WC 2nd  54 
Clothes room  11 
Total flow V 155 155 
   
   
Following values are important to calculate the heat losses by the ventilation system: 
   
Indoor temperature [°C] 22  
Outdoor temperature [°C] 5  
Heat exchanger   
η [-] 0,5  
Air   
Density: ρ [kg/m³] 1,2  
Specific heat capacity [kJ/(kg*K)] 1005  
   
   
First of all the Kv-Value of the ventilation system must be calculated. 
   

( )ηρ −∗∗∗= 1pv CVK &    
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  Flat A Flat B 
Kv [W/K] 16,75 25,9625 
   
   
   
Now you multiply the Kv-Value by the degree hours. We assume an indoor temperature of 
22°C  and an outdoor temperature of 5°C . 
It is the same value as in the calculation of the transmission losses. 
   
   
Degree hours [°Ch] 149200  
   
   
   
The heat losses are the multiplication of the Kv-Value [W/K] by the degree hours [°Ch] 
   
  Flat A Flat B 
Heat loss [Wh] 2499100 3873605 
Heat loss [kWh] 2499 3874 
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Internal Heat   
   
   
   
The internal heat production is produced by persons, cooking, lightning, 
etc. 
We appreciate this value for flat A and flat B… 
   
Internal heat [W]  
Flat A 200  
Flat B 300  
   
   
...in average for the whole year.  
   
Duration [h] 8760  
   
   
The annual internal heat production comes up to: 
   
 Internal Heat [kWh/year]  Flat A Flat B 
 1752 2628 
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Energy balance     
     
     
     
The energy balance gives an overview about the energy, which enters in form of 
electricity, internal heat and solar radiation (In).    
On the other side, the energy, which is consumed in form of transmission losses, 
ventilation losses, natural ventilation, warm water and electricity for household (Out). 
     
     
Out [kWh] Inner B Outer B Inner A Outer A 
Transmission losses 9737,9 11283,8 8612,2 9610,1 
Ventilation losses 3873,6 3873,6 2499,1 2499,1 
Natural ventilation 1460,7 1692,6 1291,8 1441,5 
Warm water 2667,6 2667,6 1857,9 1857,9 
Electr. for household 4500,0 4500,0 3900,0 3900,0 
Sum [kWh] 22240 24018 18161 19309 
     
     
     
IN [kWh] Inner B Outer B Inner A Outer A 
Electricity 17613,8 17613,8 15644,0 15644,0 
Internal heat production 2628,0 2628,0 1752,0 1752,0 
Solar radiation 2974,1 2974,1 1795,5 1795,5 
Sum [kWh] 23216 23216 19192 19192 
     
     
     
We build the average of the consumption for flat A and flat B, because the energy,  
which is going In is also not separated.    
     
Out [kWh] Flat B Flat A   
Average 23129 18735   
     
     
     
Now it is of interests to know how much energy we really consume   
for heating and hot tap water.     
To get the heating demand we subtract of electricity the electricity for household,  
the warm water and the ventilation losses.    
The incoming air after the heat exchanger is heated up electrically and cannot be 
replaced. 
We split the energy consumption into heating, hot tap water and electricity. 
     
Heating demand [kWh] Flat B Flat A   
Electricity 17613,8 15644,0   
Electr. for household -4500,0 -3900,0   
Ventilation losses -3873,6 -2499,1   
Warm water -2667,6 -1857,9   
  6573 7387   
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Hot tap water demand [kWh] Flat B Flat A   
  2668 1858   
     
     
Electrictiy [kWh] Flat B Flat A   
  8374 6399   
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Actual costs   
   
   
   
Summary of the price list of Gävle Energi for electricity from the 
1st April 2008. 
The annual costs are depending on the contract which is 
chosen. 
   
Grid costs [SEK/year] 16 Ampere 1936 
  20 Ampere 2761,5 
     
Grid costs [SEK/kWh] 16 Ampere 0,109 
  20 Ampere 0,109 
     
Elec. costs [SEK/year] 6 month 180 
  1 year 180 
  2 years 180 
  3 years 180 
     
Elec. costs [SEK/kWh] 6 month 0,9563 
  1 year 1,0119 
  2 years 1,0294 
  3 years 1,0338 
   
   
The momentary costs for all electricity are: 

   
Electricity Flat A Flat B 
Consumption [kWh] 15644,04 17613,82 
Total costs [SEK/year]   
6 month [20A] 19607,1 21705,5 
1 year [20A] 20476,9 22684,8 
2 years [20A] 20750,7 22993,1 
3 years [20A] 20819,5 23070,6 
   
   
The momentary costs for only heating are: 
   
Heating Flat A Flat B 
Consumption [kWh] 7387,0 6572,6 
Energy costs [SEK/year]   
6 month [20A] 7869,4 7001,8 
1 year [20A] 8280,1 7367,3 
2 years [20A] 8409,4 7482,3 
3 years [20A] 8441,9 7511,2 
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The momentary costs for only hot tap water are: 
   
Hot tap water Flat A Flat B 
consumption [kWh] 1857,9 2667,6 
Energy costs [SEK/year]   
6 month [20A] 1979,2 2841,8 
1 year [20A] 2082,5 2990,1 
2 years [20A] 2115,0 3036,8 
3 years [20A] 2123,2 3048,5 
   
   
The momentary costs for heating and hot tap water are: 
   
Costs energy Flat A Flat B 
Energy costs [SEK/year]   
6 month [20A] 9848,6 9843,6 
1 year [20A] 10362,7 10357,4 
2 years [20A] 10524,4 10519,1 
3 years [20A] 10565,1 10559,7 
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Maximal heat power     
      
      
      
The maximal heat power has to be defined for constructing the new heating system   
and its size.      
The heat power, which has to be delivered consists of the parts transmission losses,   
natural ventilation and hot tap water. All other parts can't be removed.   
The max. heat power is defined at the lowest outdoor temperature, which is -22 °C  in Gävle. 
      
      
The K-Values [W/K] are taken from the chapter transmission.   
      
K-Value [W/K] Inner B Outer B Inner A Outer A  
Roof 11,41 11,41 13,78 13,78  
Wall 19,27 29,12 11,15 17,59  
Window 15,90 15,90 11,09 11,09  
Door 1,80 1,80 1,80 1,80  
Door with glass (50%) 2,70 2,70 2,70 2,70  
Total K-Value [W/K] 51,08 60,93 40,51 46,96  
      
      
The temperatures are:      
      
  [°C]     
Tmin outdoor -22     
Tin 20     
      
      
Now multiplying the K-Value [W/K] by the temperature difference ∆T    
we get the maximal heat power.      
      
P=K*∆T      
      
  Inner B Outer B Inner A Outer A  
Max power [W] 2145,3 2559,2 1701,4 1972,2  
Max power [kW] 2,15 2,56 1,70 1,97  
      
      
The calculation for the floor:      
      
Floor      
      
Tground [°C] 5     
U [W/m²*K] 0,3     
      
      
The K-Values are calculated by multiplying the U-Value by the Area.   
      
  Inner B Outer B Inner A Outer A  
Kin-Value [W/K] (floor In) 15,18 12,24 17,87 16,45  
Kout-Value [W/K] (floor Our) 4,95 7,89 6,44 7,86  
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  [°C]     
Tmax outdoor -22     
Tin 20     
Tground 5     
      
      
Now multiplying the K-Value [W/K] by the temperature difference ∆T    
we get the maximal heat power.      
      
P=K*∆T      
      
  Inner B Outer B Inner A Outer A  
Max power [W] 435,6 515,0 538,4 576,9  
Max power [kW] 0,44 0,51 0,54 0,58  
      
      
The total transmission losses are therefore:     
      
Max power [kW] Inner B Outer B Inner A Outer A  
of transmission losses 2,58 3,07 2,24 2,55  
      
The natural ventilation losses are in good approximation about 15%    
of the total transmission losses.      
      
Max power [kW] Inner B Outer B Inner A Outer A  
of natural ventilation 0,39 0,46 0,34 0,38  
      
The max power of hot water was already calculated in chapter water consumption.  
      
Max power [kW] Inner B Outer B Inner A Outer A  
of hot water 3,05 3,05 2,12 2,12  
      
The total power [kW] is the sum of the max. transmission power,    
the natural ventilation power and the hot tap water power.    
      
  Inner B Outer B Inner A Outer A  
Total power [W] 6013,2 6580,5 4696,7 5052,3  
Total power [kW] 6,01 6,58 4,70 5,05  
      
      
      
Now the total power [kW] is of interests for the whole community.   
      

Art of building 
Amount 

[-] 
Power 
[kW] Sum [kW]   

Building 2xA 1 10,10 10,10   
Building 3xA 7 14,80 103,61   
Building 4xA 1 19,50 19,50   
Building 3xB 5 19,17 95,87   
Building 4xB 4 25,19 100,75   
Building 5xB 3 31,20 93,60   
Total power max [kW]   423,43   
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Especially for the district heating company Gävle Energi it is also important to know 
the annual heat demand [MWh]. It is the sum of the transmission losses, the natural 
ventilation losses and the heat demand for warm water.  
      
Firstly the annual heat demand [kWh] is calculated for the different house types.  
      
  Inner B Outer B Inner A Outer A Sum 
Annual heat demand [kWh] 13866 15644 11762 12910  
Building 2xA    25819,1 25819,1 
Building 3xA   11762,0 25819,1 37581,1 
Building 4xA   23524,0 25819,1 49343,1 
Building 3xB 13866,2 31287,9   45154,1 
Building 4xB 27732,3 31287,9   59020,2 
Building 5xB 41598,5 31287,9   72886,4 
      
      
      
Secondly the total heat demand [MWh] for the community is calculated    
depending on the amount of different buildings.    
      

Annual heat demand 
Amount 

[-] Sum [kWh]     
Building 2xA 1 25819,1    
Building 3xA 7 263067,7    
Building 4xA 1 49343,1    
Building 3xB 5 225770,4    
Building 4xB 4 236081,0    
Building 5xB 3 218659,2    
Total heat demand [MWh]  1018,7    

 



Maier/Schumm 

 94

 

Heat pumps  

  

  
  
We have chosen three heat pumps of different producers. These 
are: 
  

Euronom EXO Air Polaris 10 kW   
Heat power [kW] 6,5 
Electrical power [kW] 2,5 
COP [-] -10/50 2,5 
Temperature min [°C] -25 
Temperature max [°C] 35 
Length [mm] 600 
Width [mm] 1086 
Height [mm] 882-952 
Mass [kg] 140 
Price all incl.[SEK] 110713 
Investment costs (incl. Instal.) 120713 
  
  
  

Viessmann Vitocal 350A 10 kW   
Heat power [kW] 8,5 
Electrical power [kW] 4 
COP [-] -10/50 2,3 
Temperature min [°C] -20 
Temperature max [°C] 35 
Length [mm] 1095 
Width [mm] 1520 
Height [mm] 1370 
Mass [kg] 295 
Investment costs (incl. Instal.) 125000 
  
  
  

Nibe Fighter 2020-10   
Heat power [kW] 10,3 
Electrical power [kW] 3,1 
COP [-] -7/45 3,3 
Temperature min [°C] -20 
Temperature max [°C] 35 
Length [mm] 1200 
Width [mm] 500 
Height [mm] 1045 
Mass [kg] 132 
Investment costs (incl. Instal.) 100000 
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Viessmann Vitocal 350A   

   
The following graph shows the COP in dependence of the outdoor temperature and 
the supply temperature © 
  
   
 

    
   
   
   
   
   
   
   
   
   
   
   
   
   
   

   
   
   
To know the exact savings of energy and money, we need to know 
the annual average efficiency (COP).  
   
   
   
Month Outside temp. [°C]  COP[-] 
January -5,1 2,4 
February -4,9 2,4 
March -2,2 2,5 
April 3,3 2,6 

May 8,7 2,8 
June 13,8 3,3 
July 16,6 3,5 
August 15,3 3,4 
September 10,7 3 
October 5,3 2,6 
November 0,9 2,5 
December -2,1 2,4 
   
   
   
   
Energy demand [kWh] Flat B Flat A 
Heating 6572,6 7387,0 
Hot tap water 2667,6 1857,9 
Electricity 8373,6 6399,1 
Total demand 17613,8 15644,0 
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Hot tap water   
   
The COP for hot tap water is the average COP of the whole year.  
Because hot tap water is used all over the year. 
   
COP water 2,78  
   
   
Therefore the energy demand is decreasing 
   
Water new [kWh] Flat B Flat A 
  958 668 
   
   
Energy for heating   
   
The COP for heating depends on the heating period. It is from September till May. 
   
COP heating 2,54  
   
Therefore the energy demand is decreasing 
   
Heating new [kWh] Flat B Flat A 
  2590 2911 
   
   
The total new demand [kWh] consists of the new heating, the new hot tap water  
and the electricity demand.  
   
Total new demand [kWh] Flat B Flat A 
  11922 9978 
   
   
The savings for heating are:  
   
Savings heating Flat B Flat A 
[kWh] 3982 4476 
[%] 61% 61% 
   
   
Savings water Flat B Flat A 
[kWh] 1709 1190 
[%] 64% 64% 
   
   
Savings total Flat B Flat A 
[kWh] 5692 5666 
[%] 32% 36% 
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Costs   

   
The costs are decreasing because of the decrease in consuming kWh  
and fixed fees (20A->16A).  
The new annual costs are:  
   
Total costs [SEK] Flat A Flat B 
Consumption [kWh] 9978 11922 
6 month [16A] 12745 14817 
1 year [16A] 13300 15480 
2 years [16A] 13475 15688 
3 years [16A] 13519 15741 
   
   
The heating costs are:   
   
Heating costs [SEK] Flat A Flat B 
Consumption [kWh] 2911 2590 
6 month [16A] 3101 2759 
1 year [16A] 3263 2903 
2 years [16A] 3314 2949 
3 years [16A] 3327 2960 
   
   
The hot tap water costs are:  
   
Hot tap w. costs [SEK] Flat A Flat B 
Consumption [kWh] 668 958 
6 month [16A] 711 1021 
1 year [16A] 748 1074 
2 years [16A] 760 1091 
3 years [16A] 763 1095 
   
   

Saved costs   
   
   
The total saved costs sum up to:  
   
Total saving [SEK] Flat A Flat B 
6 month [16A] 6862 6889 
1 year [16A] 7177 7205 
2 years [16A] 7276 7305 
3 years [16A] 7301 7330 
   
The saved costs for heating sum up to:  
   
Saving heating [SEK] Flat A Flat B 
6 month [16A] 4768 4243 
1 year [16A] 5017 4464 
2 years [16A] 5095 4534 
3 years [16A] 5115 4551 
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The saving costs for hot tap water sum up to: 
   
Saving water [SEK] Flat A Flat B 
6 month [16A] 1268 1821 
1 year [16A] 1334 1916 
2 years [16A] 1355 1946 
3 years [16A] 1360 1953 
   
   
   
It is also of interest how many percent we save compared to the consumption before. 
   
Total saving [%] Flat A Flat B 
6 month [16A] 35% 32% 
1 year [16A] 35% 32% 
2 years [16A] 35% 32% 
3 years [16A] 35% 32% 
   
   
The decrease of heating is:  
   
Saving heating [%] Flat A Flat B 
6 month [16A] 61% 61% 
1 year [16A] 61% 61% 
2 years [16A] 61% 61% 
3 years [16A] 61% 61% 
   
   
The decrease of hot tap water is:  
   
Saving water [%] Flat A Flat B 
6 month [16A] 64% 64% 
1 year [16A] 64% 64% 
2 years [16A] 64% 64% 
3 years [16A] 64% 64% 
   
   
   
   

Payback time   
   
The payback time is defined as of the duration after that the saved money  
has the same amount than the investment costs. 
Considering that the electrical boiler must be changed anyway, we subtract the price 
for a new electrical boiler from the investment costs. Therefore the investment costs 
and the payback time are decreasing. 
 
   
Nibe EVC 270 Price [SEK]  
Price 27500  
Installation costs 2500  
Total costs 30000  



Maier/Schumm 

 99

   
Viessmann Vitocal 350A 10 kW  
   
Payback time [a] Flat A Flat B 
Investment costs [SEK] 95000 95000 
6 month [16A] 13,8 13,8 
1 year [16A] 13,2 13,2 
2 years [16A] 13,1 13,0 
3 years [16A] 13,0 13,0 
   
   
Euronom exo air polaris  
   
Payback time [a] Flat A Flat B 
Investment costs [SEK] 90713 90713 
6 month [16A] 13,2 13,2 
1 year [16A] 12,6 12,6 
2 years [16A] 12,5 12,4 
3 years [16A] 12,4 12,4 
   
   
Nibe Fighter 2020-10   
   
Payback time [a] Flat A Flat B 
Investment costs [SEK] 70000 70000 
6 month [16A] 10,2 10,2 
1 year [16A] 9,8 9,7 
2 years [16A] 9,6 9,6 
3 years [16A] 9,6 9,5 
   
   
   
Now we assume, that the price for electricity is increasing each year for about 5% 
The Payback time is therefore decreasing. 
   

Payback time [5%]   
   

Year [-] Rate  
1 1,05  
2 1,10  
3 1,16  
4 1,22  
5 1,28  
6 1,34  
7 1,41  
8 1,48  
9 1,55  
10 1,63  
11 1,71  
12 1,80  
13 1,89  
14 1,98  
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The annual costs with the old system sum up to: 
   
Total costs [SEK] Flat A Flat B 
Consumption [kWh] 15644 17614 
6 month [20A]   

1 20355 22548 
2 21141 23432 
3 21965 24361 
4 22831 25336 
5 23740 26359 
6 24695 27434 
7 25697 28563 
8 26750 29748 
9 27855 30992 
10 29016 32299 
11 30234 33671 
12 31513 35111 
13 32857 36623 
14 34267 38212 

   
The annual costs with a heat pump sum up to: 
   
Total costs [SEK] Flat A Flat B 
Consumption [kWh] 9978 11922 
6 month [16A]   

1 13222 15387 
2 13723 15985 
3 14249 16614 
4 14802 17274 
5 15382 17967 
6 15990 18694 
7 16630 19458 
8 17301 20260 
9 18006 21103 
10 18746 21987 
11 19523 22915 
12 20339 23890 
13 21196 24914 
14 22096 25989 
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The annual costs are decreasing each year 
   
Total savings [SEK] Flat A Flat B 

1 7133 7161 
2 7417 7447 
3 7716 7747 
4 8030 8062 
5 8359 8393 
6 8705 8740 
7 9068 9105 
8 9449 9487 
9 9849 9890 
10 10270 10312 
11 10711 10755 
12 11174 11221 
13 11661 11709 
14 12172 12222 

   
   
After several years so much money is saved 
   
Total savings [SEK] Flat A Flat B 
after 8 years 65876 66140 
after 9 years 75725 76030 
after 10 years 85994 86342 
after 11 years 96705 97097 
   
   
   
The Payback time therefore is for the several heat pumps. 
   
Payback time [a] Flat A Flat B 
Viessmann Vitocal 11 11 
Euronom exo air polaris 10½ 10½ 
Nibe Fighter 2020-10 8½ 8½ 
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District Heating   
   
   
   
With the connection to the local district heating grid of Gävle Energi the electricity 
consumption is decreasing. 
Electricity is only needed for cooking, lightning and electrical devices and the 
ventilation system. 
The electricity costs are decreasing because of the lower consume of kWh and 
lower fixed fees (20A>16A)  
   
Electricity Flat B Flat A 
Consumption [kWh] 8374 6399 
Costs [SEK/year]   
6 month [16A] 11036 8933 
1 year [16A] 11502 9289 
2 years [16A] 11649 9401 
3 years [16A] 11685 9429 
   
   
The energy for heating and hot tap water is delivered by the district heating grid. 
   
Heat Flat B Flat A 
Consumption [kWh] 9240 9245 
Energy costs [SEK/kWh] 0,35 0,35 
Energy costs [SEK] 3234 3236 
Fixed Fee [SEK/year] 7100 7100 
Total costs [SEK/year] 10334 10336 
   
   
Consequential the annual costs depending on the contract sum up to: 
   
Total costs [SEK/year] Flat B Flat A 
6 month [16A] 21371 19269 
1 year [16A] 21836 19625 
2 years [16A] 21983 19737 
3 years [16A] 22019 19765 
   
   
   

Saved costs   
   
The total saved costs sum up to:  
   
Total saving [SEK] Flat B Flat A 
6 month [16A] 335 338 
1 year [16A] 849 852 
2 years [16A] 1011 1014 
3 years [16A] 1051 1055 
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But the total saved costs only content the costs for energy and fixed fees. 
   
The costs for the connection are 55000 SEK per flat. 
   
   

Payback time   
   
We calculate the payback time with a constant electricity price and a constant 
price for the supplied heat. Because not only the price for electricity but also the 
price for bark will increase in future. 
   
Payback time [a] Flat B Flat A 
Investment costs [SEK] 55000 55000 
6 month [16A] 164,2 162,5 
1 year [16A] 64,8 64,5 
2 years [16A] 54,4 54,2 
3 years [16A] 52,3 52,1 
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New heat exchanger  
   
   
   
The input data for this calculation remain the same as for the ventilation 
system, only the efficiency of the heat exchanger changes from 0.5 to 0.8. 
   
With the same formulas and the changed efficiency, we obtain the 
following values for the heat losses: 
   
  Flat A Flat B 
Heat loss [Wh] 999640 1549442 
Heat loss [kWh] 1000 1549 
   
this means up to 60% savings compared to the old ventilation system. 
   
Savings  Flat A Flat B 
[kWh] 1499 2324 
[%] 60 60 
   
The saved costs per year sum up to:  
   
Total saving [SEK] Flat A Flat B 
6 month 1597 2476 
1 year 1681 2605 
2 years 1707 2646 
3 years 1714 2656 
   
   
We propose an alternative heat exchangers from the company CA A.B. 
Östberg  
   
CA A.B.Östberg Price [SEK]  
HERU 50 S 18200  
   
   
When the heat exchanger is changed, you also have to install a separate 
extractor hood in the kitchen. The exhaust air from the kitchen contains a 
lot of fat which sticks in the HEX. 
Therefore the efficiency of the HEX decreases extremely. 
   
Total costs (device, installation, extractor hood) 

 35000 SEK 
   
The payback time depends on the electricity contract 
and sums up to:   
   
Payback time [a] Flat A Flat B 
6 month 22 14 
1 year 21 13 
2 years 21 13 
3 years 20 13 
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