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ABSTRACT 

The object of analysis in the present document is a residential house in 

Sätra. This one floor housing used as a residence for handicapped people is 

divided in five small apartments with kitchen and bathroom.  There is also another 

common kitchen and a small office for the people in charge of the house. This 

building has a hydronic space heating system with radiators spread around the 

house and a heating recovery system ventilation which also use water for 

reheating. Water for space heating, ventilation and hot tap water is nowadays 

heated in an electric boiler. 

The aim of this project is to make a diagnosis of the current situation, 

evaluate different alternatives for supplying hot water to the house, and to study 

costs and possible savings by comparing the actual facilities with the proposals 

done. Main tools for reducing cost and energy use are: conservation, increasing 

efficiencies, with load management and by energy conversion. This last option is 

the one that is evaluated in this document due to the features of building. 

As first step in this analysis an Energy Balance has been done. This helps to 

visualize the different heat losses and gains of the house as well as the present 

energy demand and consumptions. For this Energy Balance the followings aspects 

have been taken into consideration. In one hand heat losses due to: transmission 

(35547 kWh); natural ventilation (7234 kWh); mechanical ventilation (10456 

kWh); and heat needed to heat hot tap water (10360 kWh). And in the other hand 

heat gains due to: internal heat (8428kWh); solar radiation (5058 kWh) and space 

heating consumption (50202 kWh). 

Heat losses due to transmission have a share of 56 %. As in this case 

increasing insulation would be too expensive, the option of reducing in one degree 

the indoor temperature could have been considered. But this alternative has not 

been studied because for the activity running in the house, 23 ºC seems to be 

appropriate.  

At the moment due to an agreement, Gävle Energi is applying district 

heating fees to the present energy use. If this situation is kept in this way it is not 

profitable to make any investment, because savings thanks to this agreement are 

40 %. 
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However, other possibilities have been studied in the case this agreement is 

finished and normal electric fees must be paid. 

The next step is focusing in reducing energy costs, by changing the energy 

carrier used for space heating from electricity to district heating, or by increasing 

efficiency with the installation of a heat pump. 

After evaluating different types of heat pumps the conclusion  is that ground 

heat pumps fulfill in a better way the requirements demanded. However two 

different options are available: horizontal collector or vertical collector. To 

compare this three options pay-back times have been calculated. For the case of 

district heating, as the annual savings are 40 % and the initial investment is 

650,000 SEK the pay-back time would be 30 years. In the case of heat pumps, 

there is a little variation between the two kinds of collectors. For vertical 

installation the initial investment is higher due to the drilling that needs to be done 

(230,000SEK), while for horizontal disposition is 170,000 SEK. If the savings 

managed with both types are considered the same, around 70%, this gives pay-

back times of 5 years for horizontal, and 6 years for vertical type.  

As conclusion, if the current situation varies and the supplying energy 

company decides to change the present conditions, the more economical option 

would be installing a ground heat pump. However this conclusion is achieved 

considering the current price of electricity. But all the predictions say that 

electricity price will increase in Sweden considerably in the following years, 

probably it would reach European prices. According to this and regarding the 

environment, reduction of CO2 emissions, and life cycle cost, district heating 

become a better option. Furthermore it exist the possibility that the district heating 

company want to run with part of the connection costs, therefore the pay-back 

would be lower, and alternatives could be studied again. 
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1 INDRODUCTION 

Energy use in both industry and residential buildings has become an important 

issue. With the development of world economy high levels of energy consumption are 

being reached which leads to an energy crisis and important environmental impact. 

Reducing consumes and increasing efficiencies are important tools in the run towards a 

sustainable development, which would mean saving money and reducing carbon dioxide 

emissions and global warming. For achieving a sustainable development, social equality 

and environmental issues have to interact with economic growth for current and future 

generation benefits.  

According to the International Energy Agency (IEA); if new governmental 

measures are not applied to energy trends, global primary energy demand will increase by 

53% between now and 2030. Over 70% of this increase will come from developing 

countries, led by China and India, which are the predominant sources of global energy 

demand growth.  In 2030, global carbon-dioxide (CO2) emissions will be over 55% over 

today’s level; and China will overtake the United States as the world’s biggest emitter of 

CO2 before 2010.
 [1] 

This scenario will lead to amplify the magnitude of two main 

problems: the global climate change and the enegy crisis due to a decrease of the 

available resurces. 

 World crude oil demand grew an average of 1.76% per year from 1994 to 2006.
 [2]

 

And according to EIA annual report world demand for oil is projected to increase 37% 

over 2006 levels by 2030.
 [3]

 To study oil resources and predict its decreasing model is 

not easy. Many of the predictions are based in the King M. Hubbert method. This thory is 

based in mathematical models that posits that for any given geographical area, from an 

individual oil-producing region to the planet as a whole, the rate of petroleum production 

tends to follow a bell-shaped curve. It is one of the primary theories on peak oil.
[4]

 Using 

this thory as base, there are models more pesimistic than others that placed the peak oil 

between 2010 and 2020, but these predictions depend on data that are not easy to get 

bacause of political and economical interests. 

 

 

[1] 
World Energy Outlook 2006 

[2]
 http://en.wikipedia.org/wiki/Peak_oil 

[3]
 International Energy Agency (IEA) 

[4]
 http://www.hubbertpeak.com/Hubbert/ 

http://en.wikipedia.org/wiki/Petroleum
http://en.wikipedia.org/wiki/Peak_oil
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Nevertheless if strong policy action is applied and governmental implements 

measures a subtantial improvement can be achieved. Gobal energy demand could be 

reduce by 10% and CO2 emissions by 16% .
[5] 

Some examples of this commiment are: 

The UE target of 20% of renowable energies in 2020, green certificates, Kyoto 

protocol.
 

Close to the 40 % of end-user energy demand in the World 
[6]

 is used in building 

sector, residential and commercial, so nowadays a big effort is being made to design 

buildings with low-energy demand, without forgetting the importance of thermal comfort.  

The first step in the sustainable building design is considering the environment and 

the climate (temperature, wind direction, humidity) and the design of the building itself: 

the form; orientation; internal distribution; ventilation and insulation.  The second step 

would be to try to integrate in this design renewable energies as energy sources. In the 

case of already existing buildings, energy audits can be made in order to study which 

measures could be applied. The objective of all this measures is to increase the energy 

efficiency of the building and to reduce as much as possible the environmental impact, 

providing an optimal indoor climate by taking advantage of the natural sources.  This 

leads to higher initial investments but also to many advantages like energy savings, which 

can be translate as economic savings, an increase in the indoor climate comfort, healthy 

benefits due to better ventilation, and as it has been said before a reduction of the 

environmental impact, by reducing CO2 emissions. 

1.1 Scope 

The aim of this project is to make an energy audit to an existing residential house 

with the objective of making a diagnosis of the current situation and offer some proposals 

for achieving savings and higher energy efficiencies. To manage this; energy use, and 

different measurements have been considered to make an energy balance, which will help 

to visualize current situation. For carrying out the energy balance two different aspects, 

that later on will be more carefully developed, must be taken into consideration: energy 

looses, and energy gains. The reduction of costs can be achieved by increasing 

efficiencies; applying load management or by conversion of the type of energy used. This 

last option is the one that will be especially considered. For an easier comparison of the 

alternatives proposed to increased savings, pay-backs of the most suitable options will be 

calculated. 

 

[5]
 
[6]

World Energy Outlook 2006
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1.2 Location and distribution 

The object of analysis in this project is a residential house in Tussilagovägen 207 

(Sätra). Sätra  is located in Gävle which is placed in the middle East of Sweden by the 

Baltic Sea, around 180 km. from Stockholm. (For further details see appendix 1). 

This one floor housing is divided in five small apartments with one kitchen and one 

bathroom in each of them.  There is also another common kitchen and a small office for 

the people in charge of the house. Distribution of the house is shown in figure 1.  

 

Figure 1: Lay out of the house 
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This building has a hydronic space heating system with radiators spread around the 

house and a heating recovery system ventilation that also use water for reheating. Water 

for space heating, ventilation and hot tap water is nowadays heated in an electrical boiler 

and later led to an accumulation tank.  
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2 THEORY 

To achieve the aim of this project several theories and methods have been taken 

into consideration. In this second section, theoretical concepts used in further chapters are 

explained in detail. This section has been divided in three different parts. The first one 

deals with the knowledge needed to evaluate the present situation; that is why Energy 

Balance and its terms are explained. The other two sections are related with the measures 

proposed to reduce energy costs. For being able to evaluate the best choice theoretical 

concepts of the different options (District Heating and heat pumps) are shown. This 

would help to reject the non suitable options. 

2.1 Energy balance 

As first step in the analysis of this housing an Energy Balance has been calculated. 

The aim of an Energy Balance of a building is to provide a general understanding of the 

processes and systems that result in a given indoor climate, and determinate the energy 

usage of the building. The main parameters that influence the indoor climate in buildings 

and that are going to be deal with are: the outdoor climate conditions; the structure and 

the design of the building; the activities going on in the building; and the technical 

systems that have to provide the required indoor climate. 

Energy Balance is a mathematical statement of the conservation of energy. The 

theoretical basis for the energy balance is the First Law of Thermodynamics, which states 

that energy cannot be created or destroyed; it only can be modified in form. However, 

energy can escape out of the region, where the energy serviced is utilized. This is what it 

is called “energy losses”. 

The idea of Energy Balance is going to be used in this study to calculate the 

heating loads for this particular house. The heating loads depend on the design of the 

houses; materials and orientation. This tool is useful to identify losses, find new 

opportunities of a cleaner energy and obtaining a higher efficiency. 

For making an Energy Balance the first step is to define the system boundaries with 

a control volume. This boundary of the region is called the envelope. For a building it is 

convenient to choose the envelope at the external surface insulation. 

As second step it is needed to establish all the ways that energy can enter (Heat 

Gains) or exit of the volume (Heat Losses), and establish any internal sources or 

transformations of energy within the control volume.  

As third step the appropriated energy balance equation has to be written. This is the 

sum of the heat losses equals the sum of the heat gains. 
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For the case it is being studied the equation is expressed as: 

 

Qtr + Qmec vent + Qnat vent + Qhot tap water = Qint + Qradiation + QSpace heating 

Formula  1: Energy Balance equation 

Where: 

Qtr : transmission losses [W] 

Qmec vent: mechanical ventilation losses [W] 

Qnat vent: natural ventilation losses [W] 

Qhot tap water: heat needed to heat hot tap water [W] 

Qint: internal heat [W] 

Qradiation: heat due to solar radiation through the windows [W] 

QSpace heating: electricity consumption for space heating [W] 

 

2.1.1 Terms of the Energy Balance equation 

2.1.1.1  Transmission losses (Qtr).  

When there is a difference between inner and outer temperature, a flux of heat is 

established through the building envelope according to the equation: 

 

Qtr = ∑ Uj Aj (Tin – Tout) = Ktr (Tin – Tout) 

Formula  2: Heat losses due to transmission 

 

Where:  

Uj represent the U value, transmission coefficient for the different surfaces [W/(m
2
 ºC)]; 

Aj the area [m
2
]; 

Tin the indoor temperature [ºC]; 

Tout the outdoor temperature [ºC]; 

 

Different transmission losses have to be considered: through walls, windows, 

doors, roof and floor. Losses through the floor are divided in two parts. Losses through 

the floor area closer to the exterior perimeter (until 1m) are considered losses to the 

outdoor ambience; and losses through the rest of the floor area are considered to the 

ground, which is assumed to have a constant temperature (5ºC) during the whole year. 

The figure 2 sketches an example of these transmission losses. 
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Figure 2: Transmission losses through the floor 

 

To calculate the annual need of energy due to transmission [Wh] the following 

formula has been used: 

 

Etr = ∑ (Ui Aj) qdegree =Ktr qdegree 

Formula 3: Annual need of energy due to transmission losses 

 

Where qdegree  is degree-hours [ºCh/year] and it can be obtained from the table 2 in 

the appendix 2. This is a method for estimation energy requirements, which is based on a 

combination of theory and empirical observations.  

 

2.1.1.2 Mechanical ventilation losses (Qmec vent) 

Ventilation of homes is essential for the air renovation and the removal of moisture 

generated in the house. In this home a heat recovery ventilation system is found. It 

reduces condensation while providing a constant fresh air environment and minimizing 

the heating required to maintain a comfortable internal temperature.  

A sketch of this system is shown in the figure 3. This system transfers waste 

exhaust heat to incoming fresh air by means of a heat exchanger (FTX1). The incoming 

air is heat up to a certain temperature, which is increased afterwards by an air-water 

exchanger system (EV1). Hot water used in this system is supply by an electric boiler. 
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    Figure 3: Heat recovery ventilation system schema  

   

 

By using a heat recovery system the need of 

energy for heating is reduced. The recovery efficiency 

depends on the type of heat exchanger; the size of the 

heat exchanging surfaces and the heat transferring 

properties of the surfaces. The most efficient types of 

heat exchangers are the counter flow exchangers, 

where the direction of the flow of one of the working 

fluids is opposite to the direction of the flow of the 

other fluid. As it is seen in the figure 5 the temperature 

difference between the two flows is more uniform than 

in parallel flow exchangers. 

 

 

 

 

 

 

 

            Supply air 

            Exhaust air 

ts1 

Figure 5: Counter flow heat exchanger 

schema 

Figure 4: Heat recovery ventilation 

system 

Figure 6: Heat exchanger scheme 

ts2 

HEAT 

EXCHANGER te2 te1 
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Considering a system like the one above, the efficiency of the heat exchanger is defined 

as: 

η  

Formula  4: Heat exchanger efficiency 

Where:  

ts1 is the temperature of supplied air before the heat exchanger [ºC];   

ts2 the temperature of supplied air after the heat exchanger [ºC];  

te1 the temperature of exhausted air from the house before heat exchanger [ºC]; 

te2 the temperature of the air [ºC]; 

Heat losses due to the exhaust and supply air [W] are: 

 

Qmec vent = V ρ cp (Tin – Tout) (1- η)= Kmec vent (Tin – Tout) 

Formula  5: Heat losses due to mechanical ventilation 

 

Where: 

V : supply air flow [m
3
/s]; 

cp : specific heat capacity of the air [J/(kg ºC]; 

ρ : density [kg/m
3
] 

η : efficiency of the heat exchanger 

 

2.1.1.3 Natural Ventilation Losses (Qnat vent) 

In this term of the Energy Balance equation, infiltration losses and opened doors 

and windows are included. The heat loss due to air infiltration depends mainly on the 

tightness of the different elements of the building. As some factors are unknown, the final 

value for these losses is going to be calculated solving the Energy Balance Equation. 

 

2.1.1.4 Hot tap water (Qhot tap water). 

An electric boiler heats water for space heating, ventilation and hot tap water in 

this house. For calculating the heat used for heating up tap water, data in table 5 apenddix 

2 of water consumption have been used.  

Qhot tap water = m Cp water (Ts-Ti) 

Formula  6: Heat needed for warming up water demand 
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Where: 

m: mass flow of hot water used [kg/s]; 

Cp water: specific heat of water [J/kg C]; 

Ts: supply temperature [ºC]. Water is heated to 60 ºC to avoid Legionella, bacterium that 

can be generated in wet environment with temperatures below 60ºC. 

Ti: ground temperature [ºC]. 5ºC is considered the mean temperature of the ground in 

Gävle, and therefore the temperature of the incoming water. 

The figure 7 shows the electric boiler 

(Värmebaronen EP42) used in this system. Water 

can be heated to an adjustable temperature between 

20 and 90ºC, in this case 60 ºC. The boiler is 

connected to an accumulator tank showed in the 

figure.8. 

 

 

2.1.1.5 Gains due to Internal Heat (Qint). 

This is the internal generation of heat from: people, electrical equipment and 

lighting. Usually, this internal heat due to activities varies during the day, and this must 

be taken into consideration, therefore to illustrate the energy balance a mean will be done 

assuming heat generation during whole day.  

 People: energy released by metabolism depends on muscular 

activity. A sitting person in thermal comfort will have a heat loss of 

100W. 
[7]

 

 

Figure 7: Electric boiler 

Figure 8: Water accumulation tank 
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[7]
 Building Energy Systems: Thermal comfort (Part1) 

 Electrical equipment: includes the heat released by equipment such 

as televisions, computers, as well as the heat of the electrical 

cookers. 

 Lighting: includes the percentage of the used energy for lighting 

that is converted to heat. Three different types of electric bulbs can 

be distinguished: incandescent, fluorescent and halogenous. The 

larger amount of heat is released by the incandescent bulbs which 

convert between 90 and 95% of the electricity to heat.  

 

2.1.1.6 Gains due to solar radiation (Qradiation). 

Solar irradiation in the daytime through the windows results in heat emission to the 

house. For the calculation of gains due to solar radiation three aspects have to be taken 

into consideration: Orientation; type of windows; and shading. 

 Orientation: depending on the windows orientation the radiation 

varies.  Windows orientated to the South and East get higher 

radiation than the ones orientated to the North and West. The 

picture below shows the orientation for this house in Sätra. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

N 

Figure 9: Situation map 
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 Type of window 

Depending also on how the window is built in relation to the wall the solar 

radiation factor varies.  

 

              Figure 10: Window types sketch 

 Shading 

The fact of having shading in the windows reduces the radiation in certain 

factor depending on the shading alternative. In the studied case the 

corresponding shading factor for a three pane window with Venetian Blind 

is Krad= 0.28. 

 

                  Figure 11: Venetian blinds sketch 

With these aspects, considering radiation from middle September to middle May 

and the windows area is possible to calculate gains due to solar radiation into the 

house. 

 

2.1.1.7 Electric consumption for Space Heating (QSpace heating). 

The existing system for Space Heating is a hydronic heat distribution with 

radiators. For heating water an electric boiler is used.   

(OUT) 

0 

(IN) 

10 

(OUT) (IN) 

Venetian Blinds Krad=0.28 
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2.2 Heat Pumps 

Heat flows in a natural way from high temperatures to low temperatures. However 

the Heat Pump is able to force the heat flow in the opposite direction, by using a 

relatively small amount of work. Heat Pumps can transfer this heat from natural low 

temperatures sources of the environment, such as air, water or ground, to the internal 

rooms that require heating in the building or the industry.  To transport the heat from the 

heat source to the heat sink it is needed to supply work. Theoretically, the total heat given 

by the Heat Pump is: the one taken from the heat source, plus the external work supplied. 

 

2.2.1 Antecedents 

The operation principle of Heat Pumps is not recent. Its origins come from the 

concepts of cycle and reversibility establish by Carnot in 1824. A gas cyclically evolved, 

it was compressed and afterwards expanded, obtaining cold and heat. The cooling 

equipment development had a quick progress, in applications such as food preservation 

and air conditioning. However the possibilities of using other thermal source were not 

considered. 

This was due to the technological difficulties of constructing the Heat Pump and 

the low price of the energy, that made it not competitive comparing with the heating 

traditional systems run with coal, oil or gas.  

In the latest fifties the expansion of the Heat Pump was initiated in the United 

States, and its serial production. The sales of Heat Pumps were not started in Europe until 

1970. The oil crisis and the fuel prices increase since 1973 motivated the investigations in 

new equipments with higher efficiencies. Along the years Heat Pumps have had a 

positive evolution from the technological point of view.  

Nowadays the actual use of Heat Pumps is justified by the energetic savings and by 

its contribution to the reduction of CO2 emissions. Heat Pumps use less primary energy 

than traditional electrical heating systems. 
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2.2.2 Operation 

Most of the existing Heat Pumps work with the compression cycle of a 

condensable fluid.  

Its main components are: compressor, expansion valve, condenser and evaporator. 

These components are connected in a closed circuit through which the refrigerant fluid 

flows. 

 

The cycle is developed in these four steps, which are shown in the figure 12. 

I. In the evaporator the temperature of the refrigerant fluid is kept under the 

temperature of the heat source, by this way heat flows from the source to the 

refrigerant providing the evaporation of the fluid. (Step 5-1 in Figure 13) 

 

 

 

 

 

 

 

 

 

 

 

 

 

II. In the compressor the vapor from the evaporator is compressed rising its 

pressure and temperature. (Step 1-2 in Figure 13) 

III.  The hot vapor enters in the condenser, where the fluid gives the 

condensation heat to the environment. (Steps 2-3 and 3-4 in Figure 13) 

IV. Finally, the high pressure liquid obtained in the outlet of the condenser is 

expanded by means of an expansion valve until the pressure and the 

temperature of the evaporator is achieved. In this point the fluid starts again 

the cycle. (Step 4-5 Figure 13) 

 

 

 

 

Figure 12: Heat pump cycle 
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In the figure 13 the 

thermodynamic cycle for heat 

pumps is shown. 

 

 

 

 

 

 

 

 

The coefficient of performance (COP) is defined as the quotient between the 

thermal energy given by the system and the conventional energy absorbed by it. 

In an ideal Carnot cycle:  

 

 

 

Formula  7:  Theoric coefficient of performance formula 

 

Where: T1 is the temperature of the warm place and T2 is the temperature of the 

source of heat. For the heat transference it is necessary T1 to be lower than the 

condensation temperature of the fluid and T2 must be higher than the evaporation 

temperature. However in reality a coefficient of performance η that varies between 0.3 

and 0.65 has to be included. 

 

 

 

Formula  8: Real coefficient of performance formula 

One important factor when dimensioning the needed heat pump is to consider that 

not the whole heating demand has to be covered. Normally they are sized to cover around 

50% of the heat peak demand, and with this approximately 90% of the annual heat energy 

demand is covered. The remaining part can be covered by a supplementary heat source. 

Choosing a heat pump which covers a higher percentage of the load is more expensive.  

 

Figure 13: Thermodynamic cycle for a heat pump. 
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2.2.3 Classification 

Heat Pumps can be classified according to different criteria. Some of these criteria are 

shown next. 

 According to the type of process: 

o Electric Heat Pumps, whose compressor is driven by an electric 

motor. The rising of the temperature and the pressure between the 

evaporator and the condenser is managed by mechanical compression 

of the vapor. 

o Thermal driven Heat Pumps (Absorption Heat Pumps). The 

compressor is driven by a combustion motor, feed by gas or a liquid 

fuel.  

o Electromagnetic Heat Pumps 

 According to the mean of origin and destination of the energy. 

This is the most used classification. The heat Pump is called by two words. 

The first corresponds to the mean of heat absorption, and the second to the 

receptor mean. 

o Air-air Heat Pumps:  

o Air- water Heat Pumps 

o Water-air Heat Pumps: they allow taking advantage of the energy 

contained in rivers, seas, etc. Their efficiencies are better due to the 

higher constancy of the temperatures along the year. 

o Water-water Heat Pumps: similar to the ones above, except for the 

fact that the emitters are fan-coils or radiant floor. 

o Earth-air Heat Pumps and Earth-water heat Pumps: they take 

advantage of the heat stored in the ground. 

 According to the operation: 

o Reversible: they can work as heating, as well as refrigeration by 

reversing the way of the fluid thanks to a 4 way-valve. 

o Non-reversible: they work only as heating cycle. 

 According to the construction:  

o Compact: where all the elements that form the Heat Pump are located 

inside one only envelope. 

o Split: They are formed by two separated units. One exterior where 

the compressor and the expansion valve are located and another 

interior unit. By this way noises inside the local are avoided. 
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o Multi-split: constituted by one exterior unit and several interior units. 

 According to the source of heat: it has not to be corrosive or contaminant and 

a constant temperature is need. Some of the sources of which heat pumps can 

extract energy are:  

o Natural water: water from rivers, lakes or sea can be used. The 

efficiency obtained with these sources is very high. The temperature 

of the sea 25 meters deep remains constant along the year, but it is 

needed to be careful with corrosion problems. Temperatures vary 

from 0 to 10 ºC. 

o Solar energy: it consists in the combination of heat pumps with solar 

panels. 

o Conventional energy 

o Waste energy from industrial processes: water used for cooling in 

industrial processes can be used. They are constant temperatures 

sources, but the problem is the distance to the demander and the 

variability of the flow. 

o Exterior air: Exterior air can be used by heat pumps. But this device 

is more used in countries with a higher outdoor mean temperature, 

with temperatures between -10 and 15 ºC. The economic cost is 

lower than other heat pumps such as geothermal, because the 

technical difficulty of these installations is smaller. However the 

efficiencies are lower than other kind of heat pumps. 

o Exhaust air: exhaust air heat pumps the device recovers heat from 

ventilation and supplies heating. It uses temperatures between 15 and 

25 ºC. The main problem of these devices is the noise. 

o Geothermal energy: these heat pumps are the most suitable for 

countries with cold climate. 

According to the features of the house it is being studied, these last 

two types of Heat Pumps are going to be developed with more detail 

due to the characteristics of the outdoor climate in Sweden. 

 

2.2.4 Exhaust air heat pump 

This heat pumps use exhaust air from kitchen, bathroom and utility rooms. Heat is 

removed from the indoor air and transferred into the heat pump’s refrigerant circuit 

before being released to the atmosphere. These installations are appropriate for flats and 

houses with a small heating demand of approximately 6 kW. The main disadvantage is 
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the loud noise they cause, the higher the power of the pump the bigger the noise, but new 

installations provide more efficient insulations.   

 

2.2.5 Geothermal heat pumps 

Geothermal energy is the portion of heat generated and transmitted in the interior 

of the Earth that could be exploited by humans in economic terms. This energy can be 

used, depending on different factors, for electric uses, direct thermal uses, or, as is the 

case it is being studied, for thermal uses in connection to heat pumps. 

In this kind of heat pumps geo exchanger are inserted in the ground.  These 

exchangers consist of tubes that can be located in horizontal way not very deep or in 

vertical disposition. The performance of a heat pump increases as lower is the difference 

between the source and the sink temperatures. The efficiency of these heat pumps is 

higher than the atmospheric air heat pump because the temperature remains constant 

along the year, and it is closer to the one of the spaces that want to be heated. 

Geothermal Heat Pumps are economical because for every kWh of heating, it is 

only required 0.25 or 0.3 kWh of electricity to operate the system. 

Two different types of systems can be distinguished: 

 Open systems: where underground water is used. In most of the cases two wells 

are needed, one to extract water and the other to inject it. This type of systems is 

expensive to maintain and are used for bigger installations. 

 

   

 

 

 

 

 

 

 

 

 Closed systems: two types of closed systems are going to be evaluated in this 

study: 

o Horizontal, where the exchanger is located 0.5 meters deep. They are the 

easiest to install, and therefore the cheapest.  The main disadvantage is 

the big area of exchange that they need, from 1.5 to 2 times the area 

which is wanted to be heated. The area needed depends on the type of 

Figure 14: Open system ground water heat pump 
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soil and cannot be covered, because the principal thermal energy used 

comes from solar radiation that is stored in the ground. 

 

Tubes can be connected in serial or parallel. 

 

 

In order to save space different 

collectors have been developed to exploit a 

smaller area with the same volume. The 

disposition of the tubes is making loops, as it 

can be seen in the figures 16 and 17. The 

image in the side shows a Slinky loop 

collector that is going to be covered with 

soil. 

    

 

 

Figure 15: Different types of horizontal ground heat pumps schemes 

Figure 16: Loops horizontal collector for heat 

pump  

Figure 17: Schemes for horizontal collectors with loops 
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o Vertical: These exchangers take advantage of the fact that temperature to 

certain deep (15 or 20 m) remains constant along the year. Vertical fields 

are composed by pipes that run vertical into the ground. A hole is bored 

around 100 or 150 meters deep. Plastic pipes are installed into the 

borehole, and the remaining space is filled with material that can be 

pumped and that provides a good thermal connection to the surrounding.  

They are formed by a pair of straight pipes joined by a curve of 180º in 

the bottom. One, two or even three of these pipes with U form can be 

located in each borehole. 

 

These systems require less area and around 40% less of pipes than 

horizontal systems. The main disadvantage is that the cost of vertical 

ground heat pumps is higher due to the cost of drilling. 

Figure 18: Vertical collector for ground heat pumps scheme 
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2.3 District Heating 

Is a system of centralized production and distribution of heat, normally used for hot 

tap water and space heating, to a multiple and close group of buildings, as well as heat for 

industrial processes. This system is composed by the generation plants, the distribution 

system and building substations. The efficiency in this system is higher than individual 

heating for every building; this is one of the main advantages, which makes the cost of 

the energy decreasing. Other important advantages are the reduction in CO2 emissions, 

higher flexibility for heat production than in individual heating systems and the 

possibility of absorbing low grade sources such as from garbage burning, industrial waste 

heat, heat pumps… 

Generation plants are usually cogeneration plants (CHP Plants) where 

simultaneous generation of heat and electricity takes place. Boils and incinerators are 

common feed with biomass or fossil fuels such as oil, natural gas or coal, together with 

alternative systems as heat pumps, solar energy or industrial waste energy. By changing 

the pressure of the steam it is possible to control the ratio heat- power that is produced. 

The figure 19 sketches the efficiency differences between a CHP plant and a 

standard power plant. 

 

Figure 19: Energy efficiencies comparison 
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Distribution of heat takes place through a network of insulated pipes, normally 

underground. This network is composed by a supply and return line. Temperatures of 

supply water can vary depending on outdoor temperature, but usually are not below 60 

and 70ºC.  

In the substations heat is transferred from the primary District Heating system to 

the secondary house system (customers). The type of District Heating Substation can 

vary. In most of the configurations the system presents a heat exchanger, which has 

certain advantages of maintenance, and less corrosion than direct District Heating. 

Control valves in the substation control the flow to each load and the temperature sensors 

at the customer demand the right amount of heat. 

The company that supplies electricity and heat in Gävle is Gävle Energi. In the 

image below the 260 m length of District Heating network is sketched. The system has 

around 4000 district heating substations.  

 

 

 

 

 

 

 

SÄTRA 

Figure 20: District Heating distribution map 
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Johannes plant provides heat and electricity to Gävle Energi, and the surplus heat 

form production of paper in Korsnäs AB pulp mill is also used for district heating. There 

are other two small plants that provide also heat when there are peak load of demand or 

technical problems, Ersbo and Carlsborg. Johannes plant uses woody biofules, while 

Ersbo and Carlsborg plants operate with oil. 

Johannes is a CHP plant located in the south of Gävle that operates from 

September to May and whose scheme is shown in figure 20.2. 

The stored biofuels are mixed and moved to a silo. Afterward, they are moved to the 

boilers where high pressure steam is produced. This steam is led to a turbine which 

produces electricity and the remaining heat is used for district heating. The steam 

condensates giving its heat to the water that will go to the supply line of the district 

heating network. The heat accumulators are use for compensating the peak loads along 

the day.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Turbine 

Boiler 

Silo 

Biofuel mixing 

Heat accumulators 

Figure 20.2: Johannes plant scheme 
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3 PROCESS AND RESULTS 

In this section of the project the theories mentioned in the previous chapter are 

applied to the objective. Tables with the calculations and different measurements done are 

shown for each of the terms of the Energy Balance equation. These values are graphically 

summarized in the last section of this chapter. 

3.1 Terms of energy balance equation 

3.1.1 Transmission losses (Qtr). 

Transmission losses have been calculated according to formula 2. Considering an indoor 

temperature Tin=23ºC and mean outdoor temperature for Gävle Tout= 5.03 ºC obtained 

from the table 1 in the appendix 2. The results are shown in the table below. 

 

  
AREA [m2] 

U value 
[W/m2 ºC] 

Q [W] 

WALLS 185 0,17 566 

WINDOWS 32 2,00 1152 

DOORS 14 1,00 260 

CELLING 345 0,12 743 
FLOOR-
OUTDOOR 90 0,30 483 
FLOOR-
GROUND 255 0,30 1375 

        

TOTAL [kW]     4580 

 

Table 1: Transmission losses 

 

For calculating the annual need of energy the following terms have been used:  formula 3 

and table 2 in Appendix 2, where tin = 23ºC and mean outdoor temperature to= 5ºC. The 

obtained values are: 

 

 

Ktrans [W/K] q degree [h.K/year] E [kW.h/year] 

TOTAL 255 139500 35547 

 

Table 2: Annual need of heat due to transmission losses 
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3.1.2 Mechanical ventilation losses (Qmec vent) 

To calculate the mechanical ventilation losses, the 

supply and exhaust air 

flow have been measured 

in each of the rooms of 

the house, as well as the 

total air flow of the 

system in the control 

room. For the measure of 

total exhaust and supply 

air flow a 

termoanemometer has 

been used. Velocical Plus 

is a multiparameter ventilation system which is 

capable to monitor air velocity, temperature, differential pressure and humidity, 

as well as calculating volumetric flow rates and dew point temperatures.  

The results of the measurements done are: 

 

Exhaust Air Supply Air 

V [m/s] 4 5 

T [ºC] 23 21 

HR 31% 28% 

Tvh [ºC] 4,1 2,3 

Table 3: Measurements done with Velocical Plus 

For the measure of the air flows inside the 

house a different anemometer has been used. 

SWEMAFLOW 230 with a special adaptation 

for the supply device. The house has a supply 

device and two exhaust devices in every 

apartment: one in 

the bathroom and 

other one in the 

kitchen. For the 

common areas 

there are three 

supply and four 

exhaust air flow 

devices more. 

Figure 12: The measure 

can be done by using the 

holes of the termometer 

that are already there. 

Figure 22: 

Termoanemometer 

Figure 23: Flow measure device 

Figure 24: Air supply device Figure 25: The measures 

were done by putting the 

deviced lean agaist the 

ceiling. 
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The results obtained with this device are shown in the appendix 3 of calculations 

part 8-mechanical ventilation. 

With the mean temperature of Gävle Tout= 5ºC, the sum of the supply air flows 

and considering ρ = 1.2 [kg/m
3
]; and Cp air = 1000[J/kg C]; the table below shows 

the results obtained. 

 

 

V ventilation 
[m3/s] 

ΔT [ºC] Kvmec Qvmec [W] 
Qvmec 

[kWh/year] 

TOTAL 0,16 16 188 3010 26365 

            

TOTAL mechanical ventilation losses with a heat exchanger efficiency 
of 60% [kWh/year] 10546 

 

Table 4: Heat losses due to mechanical ventilation 

 

3.1.3 Gains due to Internal Heat (Qint). 

 People: for calculating the heat released by people living in the house, it has been 

considered five persons during the period of time between middle September to 

middle May. 

 For electrical equipment, after asking Galegardarna a consumption of 

6000kWh/year has been considerate, of which 25% is assumed to been turned 

into internal heat. 

 The electric consumption for lighting has been collected in the table 4. Only 

incandescent lamps have been taken into consideration. 

 

 

Nºlamps W/lamp Q[W] 

Apartments 
10 60 570 

20 15 285 

Kitchen 
2 40 76 

5 15 71 

Hall 10 60 570 

Office 6 15 86 

        

Total heat due to lighting 1658 
Table 5: Internal Heat due to lighting 
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The total sum is found considering that lights are used 10 hours per day since 

middle September to middle May. 

The table below sums up all data obtained of the different types of internal heat. 

 

 

Q int 
[kWh/year] 

PEOPLE 2916 

ELECTRICAL EQUIPMENT 1500 

LIGHTING 4012 

    

TOTAL 8428 

 

Table 6: Heat gains due to internal heat 

To visualize in a clearer way the importance of each factor in internal heat gains 

the figure below is shown. 

 

Figure 26: Internal heat gains distribution 

 

3.1.4 Hot tap water (Qhot tap water). 

With consumption of data given by Gävle Energi in table 2 appendix 4 and 

formula 6 the obtained result are: 

 

HOT( Kg) Q hot tap water [kWh] 

2007 TOT 165200 10550 

2006 TOT 161300 10301 

2005 TOT 160200 10231 

        

AVERAGE Q hot tap water [kWh]   10360 

Table 7: Annual energy need for hot tap water 
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3.1.5 Gains due to solar radiation (Qradiation). 

Considering the 

orientation of the house, 

and comparing with the 

table 3 in appendix 2 

the obtained values are 

introduced into the 

table 2 appendix 2. The 

type of window 

considered is the 

second type (10). With 

these two input data the 

solar radiation is 

obtained [Wh/m
2
 day]. 

Multiplying by the 

windows area and the days of the month, gains due to solar radiation coming into 

the house can be obtained. 

The period of time taken into consideration has been since middle September to 

middle May, which is the part of the year when space heating takes place. 

According to this, the results obtained are shown in the table below: 

 

 

 

 

AREAS 
(m2) 

ORIENTATION 
(º) 

E radiation 
[kWh]  

NORTH 0.53 -120 133 

SOUTH 5.52 60 3464 

EAST 15.87 -30 12857 

WEST 10.12 150 1609 

        

TOTAL  with venetian blinds [kWh/year] 5058 

 

Table 6: Heat gains due to solar radiation 

 

 

 

 

         Figure 27: Orientation scheme 
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The figure below allows seeing graphically the importance of venetian blinds in 

the incoming solar radiation. 

Figure 28: Comparison graph: solar radiation with and without venetian blinds 
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3.2 Energy Balance  

The next Energy Balance summarized all data found in the previous 

sections. Knowing that the annual electric demand for space heating, ventilation, 

and hot tap water is 50202 kWh and making the energy balance, it is possible to 

find the losses due to natural ventilation and infiltrations of the house. The image 

below represents the obtained data graphically, which are also shown 

quantitatively in the charts.  

 

 

 

HEAT LOSSES 
[kWh / year] 

  

HEAT GAINS 
[kWh / year] 

TRANSMISSION 35547 
 

ELECTRICAL 
CONSUMPTION 50202 

MECHANICAL VENTILATION 10546 
 

RADIATION 5058 

HOT TAP WATER 10360 
 

INTERNAL HEAT 8428 

NATURAL VENTILATION 7234 
       
 

    

TOTAL 63688 
 

TOTAL 63688 

 

Tables 7 and 8: Summary of heat losses and gains 

 

 

Figure 29 y 30: Energy balance 
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3.3 Analysis of possible savings 

After the initial analysis carried out by means of the Energy Balance, which 

provides a better perception of the actual situation in energy terms, several options have 

been considered, in order to analyze possible savings in energy use as well as economic 

costs reductions. To carry out with this study the actual situation in economic terms needs 

to be known, to be able to compare it with the different alternatives and come to a 

conclusion. 

 

3.3.1 Current situation 

According to the information given by Gävle Energi, in the meeting held on the 7
th

 

of May 2008 the company owner of this house, Gavlegardarna, get to an agreement with 

them 14 years ago.  

In 1994, when the house was built, construction in the terrain next to the current 

situation of the house was planned. So Gävle Enegi expected to extend the District 

Heating grid to this part of Sätra, in order to be able to supply the houses that would be 

built in this area. While the rest of the construction took place and the District Heating 

distribution was approached to the house, Gävle Energi offered to supply electricity to 

District Heating price. This electricity would be used by an electric boiler in the house in 

order to obtain hot tap water and space heating, So Gavlegardarna would not need to 

search for different alternatives to provide the house of hot water.  

This situation has been kept equal until nowadays. 

Thanks to the data supplied by Gävle Energi shown in the table 6 –Appendix 2, in 

its website www.gavleenergi.se, and specific data provided by the company, it has been 

possible to make and approximation to the economic cost of this energy for the year 

2007. 

The different tariffs depend on the Effect demanded by the house. This Effect can 

be calculated dividing the annual total consumption for space heating and hot tap water 

by 2500 h/year, which is the factor commonly used by Gävle Energi for this area of 

Sweden. With this, the total Effect obtained for this house is 20kW. This data allows 

knowing which the prices that need to be charged are.  

The total cost of District Heating includes fees for connection, price of energy and 

taxes. Energy prices for District Heating vary along the year so two different prices can 

be distinguish, one for the winter months and other for the summer. To distribute the total 

annual consumption, which is already known, among the different moths, a table 

http://www.gavleenergi.se/
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provided by Gävle Energi has been used. This table is based in statistical data compiled 

during many years.  

The calculations made are summarized in the table below. 

 

 
 
ENERGY PRICE  

   

     

     

 

energy used 
estadistically (%) 

kWh 
ENERGY PRICE DH 
without tax [kr/kWh] 

TOTAL 
VARIABLE 
COST [kr] 

JANUARY 15 7530 0,3176 2392 

FEBRUARY 13 6526 0,3176 2073 

MARCH 13 6526 0,3176 2073 

APRIL 9 4518 0,268 1211 

MAY 4 2008 0,268 538 

JUNE 2,5 1255 0,268 336 

JULY 2,5 1255 0,268 336 

AUGUST 2,5 1255 0,268 336 

SEPTEMBER 4,5 2259 0,268 605 

OCTOBER 8,5 4267 0,268 1144 

NOVEMBER 11,5 5773 0,3176 1834 

DECEMBER 14 7028 0,3176 2232 

          

ENERGY COST [SEK/YEAR] 15110 

          Table 9: Variable fees for District Heating consumption 

 

Connection fees can be divided in two parts. These fees depend on the Effect. The 

first concept is fixed for a range’s Effect from 0 to 20kW. This data have been provided 

by Gävle Energi and are shown in table 6 - Appendix 2. 

 

TAXA E [kW] 
Fixed charge 
[SEK/YEAR] 

Variable charge/year 
[SEK/ kW YEAR] 

TOTAL 
CAHRGES 

[SEK/YEAR] 

2 20 674 7900 8574 

               

TOTAL COST [SEK/YEAR] (ENERGY PRICE + CHAGES + 25% 
TAXES ) 29605 

          

% SAVINGS COMPERING TO NORMAL ELECTRIC FEES 41 

 

Table 10: Fixed annual charges for connecting to district heating 
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It is also possible to calculate what would be the annual cost that the company 

Gavlegardarna should pay for this electricity if the current price of electricity is 

considered instead of the District Heating price. In this way the actual savings that this 

agreement entails can be shown. 

Considering the electricity price, the fees and the taxes is possible to approximate 

the total electricity price to 1 SEK/kWh. So the price of the annual energy use for space 

heating, and hot tap water would be 50202 SEK/year. That is to say, saving of the actual 

contract are 41%. 

Although, talking about economic effects, this contract is like this building had 

District Heating, different options has been study in case Gävle Energi decides that this 

agreement is not suitable anymore. These options would represent as well a choice more 

respectful with the environment. 

 

3.3.2 Possibility of connecting to the District Heating network 

As first option the connection to District Heating network has been analyzed. The 

cost of the connection depends on the distance to the grid of District Heating which 

already exists, in the case of study 190 m. In the imaged below provided by Gävle Energi 

a sketch of the current network is shown. 

 

DISTRICT HEATING GRID 

Figure 31: Situation map of the current District Heating network provided by Gävle Energi 
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Gävle Energi has evaluated the cost of District Heating connection in 650,000 

SEK. With this data and knowing that possible saving if District Heating is compared 

with regular electricity fees is 81780 SEK, Pay-back time can be calculated by dividing 

the initial investment by total annual savings. This ratio is useful for an easier comparison 

with other options. Calculations can be seen in the table 11. 

 

DISTRICT HEATING 

 
Total cost: (connection) [SEK] 650000 

Annual cost [SEK/year] 29605 

Annual saving [SEK/year] 20597 

    

Pay-back time [years] 31,56 

 

Table 11: Pay-back time for district Heating 
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3.3.3 Possibility of installing a Heat Pump 

The option of installing a Heat Pump has also been studied. According to the 

characteristics of the climate in this area of Sweden and the demand of the house two 

different options have been considered: vertical ground heat pump; and horizontal ground 

heat pump. 

Exhaust air heat pump is not being considered for different reasons. Nowadays 

there is a heat recovery system that already takes advantage of the indoor heat, and it is 

needed to be aware of the problem with the noise level of this kind of devices. But the 

main reason is that exhaust air heat pumps cannot fulfill the heating demand of this 

housing (20 kW). This type of heat pumps is more appropriated for smaller heating 

demands. 

To get the data needed for the ground heat pumps study, a company specialized in 

this kind of installations and which is located in Gävle has been consulted.  By means of 

its website (http://www.varmepumpcenter.se/) information is given as well as some 

contacts for more specific doubts.  

As it has been said in theory, normally the capacity of heat pumps is less than the 

pick load estimated for the house. So for a peak load of 20 kW a heat pump with a 

capacity around 17 kW is often selected. As it can be seen in the image this will cover the 

nearly the totality of the heating demand. The cost of heat pumps is around 50,000 SEK. 

 

 

Figure 32: Power demand covered depending on heat pump capacity 

http://www.varmepumpcenter.se/
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The total cost of installation of a geothermal heat pump depends on the type of 

collector. As it has been mention above, vertical disposition of the pipes is more 

expensive due to the need of drilling. In this case two boreholes of 140 m deep would be 

need to be drilled. So it would be necessary to know if it is a water protected area. The 

total price of installation would be around 230,000 SEK, where the price of the heat 

pump is already included. For a horizontal heat pump installation this price is reduced to 

170,000 SEK, but on the negative side it is not possible to run free cooling in summer 

time, which can be done with a vertical collector. 

For calculating which is the annual electricity cost of a heat pump the coefficient of 

performance (COP) is needed to be known. In the image the COP for a ground heat pump 

can be graphically found depending on the ground temperature. The three lines (D, E, F) 

represent the temperatures to which water can be heated. According to this and assuming 

a mean ground temperature for the whole year of 5ºC an average COP of 3 can be applied 

to the calculations. That is to say that for each kWh given to the compressor, 3 kWh of 

heating is obtained. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The company that installs heat pumps in Gävle considers for their calculations the 

same COP for both types pumps. For a clearer comparison the Pay-back time for both 

installations has been calculated. Annual savings are obtained considering a current 

Figure 33: COP for a ground heat pump depending on ground temperature 
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scenario where normal fees of electricity need to be pay, that is to say not taking into 

account the special agreement existing between Gavlegardarna and Gävle Energi. 

 

 

HEAT PUMP Horizontal Vertical 

Total cost: 
(installation +  heat pump) [SEK] 

175000 230000 

Annual cost [SEK/year] 15061 15061 

Annual saving [SEK/year] 35141 35141 

      

Pay-back time [years] 4,98 6,54 

 

Table 12: Pay-back time for heat pumps with horizontal and vertical collectors 

 

The pipes for horizontal collector are installed 90 cm deep in the ground. It also 

needs to be considered that the main problem of these installations is to have area enough 

to install the pipes. For this heating demand the needed length of the pipes is 900 m and 

these pipes need to be apart one from each other a wide of 1 m. That would make around 

900 m
2
. In the drawing below is shown painted in color the area needed for the horizontal 

collector. 

 

Figure 34: Map of the area needed for heat pump with a horizontal collector 
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4 DISCUSSION 

 

The aim of this study is to make an energy analysis of a residential building in 

Sätra. To manage this, an auditing process of the current situation has been done, where 

energy use, economic accounting and point measurements have been taken into account.  

As second stage of this study different economizing possibilities has been 

considered. Main tools for energy management are:  

 Conservation, which is related to behavior and technical systems. 

 Applying efficiency measures in order to increases efficiency of systems and 

devices to reduce energy use. 

 Load management, which include modifying energy use time when energy prices 

are lower, among other measures. 

 Conversion of the type of energy use to other alternatives. 

 

To start with the current situation, electricity used in 2007 to warm water in the 

electric boiler for space heating, hot tap water and ventilation is analyzed. The total 

annual use of electricity is 50202 kWh which is distributed along the year as it is shown 

in the figure 35. 

 

 

 
Figure 35: Electricity use in 2007 
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Electricity use varies considerably along the year due to the variation of outdoor 

temperature.   

Total water consumption has remained similar along the past years, as it can be 

seen in the graph below. 

 

 

Figure 36: Water consumed in the past three years 

 

The figure 37 shows more detailed the water consumption along year 2007. It is 

possible to see that hot water consumption is approximately a third of the total quantity 

consumed, and that the amount of water used is quite constant during the year. 
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Figure 37: Total water consumed in 2007 

 

 

The Energy balance that has been realized (Figure 27) helps to see graphically the 

importance of the different heat gains and losses of the house. The biggest losses are due 

to transmission through the different surfaces.  

 

In the graph of the figure 38 is 

shown how these losses are 

distributed. The larger amount 

of heat is lost due to 

transmission through windows 

and floor. This is because U 

values are higher for these 

surfaces. 

 

 

 

In the Energy Balance is possible to see that the way of decreasing energy 

consumption would be or by increasing energy gains or decreasing energy losses. The 

easiest way would be reducing energy losses by increasing the efficiency of the devices 

such as the heating recovery ventilation system. Other way of reducing energy use would 

be reducing transmission losses. This option includes two alternatives: changing U values 

by changing insulation, which is a really complicated option, or decreasing the indoor 

Figure 38: Transmission losses distribution 
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temperature. But the activity running in the house could be considered a hospital so an 

average temperature among 22 and 24 ºC is considered appropriated. 

After studying in which ways energy use could be decreased the next step is to 

study how this energy cost can be reduced. As it has been mention before this implies to 

think about changing the means by which space heating and hot water are supplied; that 

is to say from the current electricity boiler to other alternatives, such as connecting to 

district heating or heat pump.  

To compare which of the different alternatives could be more suitable two different 

scenarios has been studied: the current one, where the electricity bill is paid as if it were 

District Heating, and a second scenario where this current agreement is suppose to be 

finished so normal electric fees are applied to the energy used. 

In the first scenario the savings achieved with the installation of heat pumps are 

smaller, so the pay-back time for both types of heat pump increases. And, as it is shown 

in the graphic 39 there are no savings for the connection to District Heating, in this 

scenario investment in District Heating would make any sense in economical terms, so 

this case has not been represented in image 40, where pay-back times are sketched. 

However this investment would supposed environmental benefits. 

 

 

 

It is easy to realize that in the current situation the best option is not to make any 

investment, but considering different alternatives of providing energy for space heating 

and hot tap water becomes more interesting if scenario two is applied, where electricity 

used by the electric boiler must be paid applying electricity tariffs. 

 

 

 

 

Figure 39: Comparison table of savings in 

different scenarios 

Figure 40: Comparison table of pay-back 

times in different scenarios 
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In this case, annual energy cost for both types of heat pumps is 15000 SEK. This 

calculation has been done assuming the installation of one heat pump with a capacity of 

17 kW, which would cover nearly 

the totality of the heating 

demand, and whose average COP 

around the year would be 

approximately 3. The annual cost 

of the District Heating is the same 

that has been studied in the 

current situation, 29500 

SEK/year. Image 41 shows that 

annual energy cost for any of the 

heat pumps would be 50% of 

District Heating costs. 

 

Annual savings are shown in 

image 42, where it is possible to 

see that savings for heat pumps 

are bigger than for District 

Heating. Savings for both types 

of heat pumps can be considered 

nearly the same, around 35000 

SEK/year, which is close to 70% 

of savings, while for District 

Heating savings are 20000 

SEK/year, that is to say 40 % of 

energy cost reduction.   

Pay-back time for a 

horizontal heat pump is around 5 

years, while for a heat pump with 

a vertical collector the pay-back 

time increases one year. This is 

due to the need of a higher 

investment for this type of heat 

pumps. The pay-back time for the 

connection to the District Heating 

Figure 41: Comparison table of annual energy costs in 

scenario 2 

Figure 42: Comparison table of savings in scenario 2 

Figure 43: Comparison of pay-back times in scenario 2 
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network is over 30 years, which is 80% more than for the heat pumps. This is not only 

due to fact that annual savings are less for District Heating, but also because investment is 

between 65 and 70 % bigger than for heat pumps. 

However, there are other factors that must be taken into account when considering 

which kind of investment is more suitable. The life cycle cost for a ground heat pump is 

consider about 25 years, but normally compressor needs to be replaced after 15 or 20 

years. And there are two important advantages that make District Heating a better option 

regarding to environment: energy efficiency for producing heat in CHP plants is higher 

than for producing electricity, and district heating offers energy storage possibilities with 

a relatively small storage loss.  
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5 CONCLUSSION 

The aim of the project was to make an analysis of the current situation and 

studying possible measures that could be carried out to achieve economical savings. The 

measures that have been developed in the present study are changing the current energy 

carrier, which is electricity, to hot water provided by the district heating network or 

increasing the efficiency by installing a heat pump. When deciding what kind of heat 

pump was more appropriated, ground heat pump has became as the best solution. 

According to this, the present situation was studied in first place. Nowadays an 

electrical boiler is used to heat water to cover the demand for space heating, hot tap water 

and heating the air flow supplied for ventilation. However, due to the arrangement that 

the owner company, Gavlegardarna, has with Gävle Energi, district heating fees are 

applied to get the price paid for the energy used. This is translated as savings of 40% of 

what this energy would cost if normal electric fees were applied. As result of this unusual 

situation alternatives proposed do not manage the savings expected. If connection to 

district heating is consider no savings are achieved  and pay back times for heat pumps 

rise to 15 years, which considering that by that time compressor needs to be replace, are 

too high. But environmental benefits would be achieved. 

Nevertheless, it would be interesting to study the case in which Gävle Energi 

decides that this agreement is not suitable any more, and so normal electric fees should be 

applied to the energy use. In this situation alternatives considered manage better results.   

Both connecting to District heating and installing a heat pump involve annual cost 

reductions, however this reduction becomes more noticeable in the case of heat pumps, 

where electricity for heat demand needed is reduced 70 %. Annual savings and the initial 

investment, which is higher for connecting to district heating than installing a heat pump, 

makes the difference in  the pay-back times for this alternatives.  

Initial investment for district heating would be 650,000SEK due to the long 

distance that there is to the existing network. And considering that there are no neighbors 

in the close distance this cost cannot be divided into several houses, alternative that 

normally make district heating more appropriated. According to this the pay-back time 

for connecting to district heating would be 30 years. 

 In the case of ground heat pumps initial investment varies depending on the kind 

of collector that wants to be installed. The total investment for a heat pump with a vertical 

collector is a bit higher, 230,000 SEK, due to the drilling that needs to be done, in this 

case two boreholes of 140 m deep. For a heat pump with horizontal collector the 

investment cost is reduced to 175,000 SEK. Assuming that more or less efficiencies can 
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be considered the same for both types of installation, this leads to the following pay-back 

times: five years in the case of horizontal heat pumps and six years for vertical.  

If the three pay-back times are compared the conclusion is that installing a heat 

pump would became better option than connecting to the district heating network, 

however deciding which type of heat pump is more suitable is not so clear due to the 

small difference between the pay-back times, therefore other factor needs to be 

considerate. The area needed for the horizontal heat pump is much higher, around 900 m
2
. 

Nowadays there is space enough for it in the yard behind the house, but it is needed to be 

taken into consideration that in the future no construction could be done over this surface, 

because this type of heat pumps take advantage of the solar radiation that comes into 

contact with the ground. Other aspect that can be considerate is that in the summer there 

is no possibility to run free cooling with horizontal disposition, something that can be 

done with vertical one.  

If current situation is kept, in economic terms it is no profitable to make any 

investment. But there would be an environmental benefit due to the consumption 

reduction. If this situation changes the more economical option would be installing a 

ground heat pump, although which type depends on necessities demanded. However, 

these conclusions are managed by considering current electricity prices. But all the 

predictions says that in the future electricity prices in Sweden will increase considerably, 

so the pay- back time calculated for District Heating will be reduced in a high percentage. 

Considering this and regarding to the environment, district heating would became a 

better option, and it exists the possibility that the district heating company want to run 

with part of the initial connection costs, therefore alternatives could be studied again. 

To conclude, different decisions can be taken depending on the aim that is wanted 

to be achieved. Most of the times, the choice that will bring a bigger environmental 

benefit is not the most economical one. The actions for a real improvement to manage a 

sustainable development should be considered in all the sectors of the society, starting 

from every individual person to governments and politics. 
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APPENDIX  

APPENDIX 1: Location 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 2-Ap1: Location in Europe 

Figure 2-Ap1: Location in Sweden 

Figure 3-Ap1: Location in Gävle 



 2 

APPENDIX 2: Tables used in calculations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Table 1- Appendix 2: Annual mean temperatures for Gävle 
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Table 2-Appendix 2: Q-degree table 
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      Table 3- Appendix 2: Solar radiation [Wh/m
2
 day]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4- Appendix2: Scheme of rate angles for orientation in solar radiation 
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Table 5-Appendix2: Water consumption data from the last 3 years provided by 

Gavlegardarna 
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Table 6-Appendix 2: Graphic to find most unfavorable temperature depending on 

the location 
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Table 7- Appendix 2: Variable and fixed charges for District Heating 
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APPENDIX 3: Calculations 

      1._ ANNUAL TEMPERATURES IN GÄVLE 
  

      

      

 
  TEMPERATURE 

   

 
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 

   

 
    

   

 
MEAN 5,025 
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2._ 
TOTAL AREAS OF THE 
HOUSE 

   

       

 
            

 

WALLS+ DOORS+WINDOWS 
WINDOWS DOORS WALLS 

  b h bxh (m) 

A 18,60 2,70 50,22 8,53 2,16 39,53 

B 2,10 2,70 5,67 0,00 0,00 5,67 

C 10,07 2,70 27,19 7,34 0,00 19,85 

D 6,77 2,70 18,28 3,02 1,96 13,30 

E 1,80 2,70 4,86 0,00 0,00 4,86 

F 8,40 2,70 22,68 2,50 2,16 18,02 

G 19,07 2,70 51,49 7,46 6,24 37,79 

H 2,10 2,70 5,67 0,00 0,00 5,67 

I 6,00 2,70 16,20 2,66 1,96 11,58 

J 10,97 2,70 29,62 0,53 0,00 29,09 

              

TOTAL     231,88 32,05 14,48 185,35 

       

       

    

WINDOWS DOORS WALLS 

   
Area [m2] 32,05 14,48 185,35 
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3._ 
TRANSMISSION LOSSES CALCULATED 
WITH Q DEGREE 

   

        Tin 23 
      

        

        

 

U 
[W/m2 

ºC] 
A [m2] 

Ktrans 
(w/k) 

Tbalanc
e( C ) 

q degree 
(h.K/year) 

E (w.h) 
E 

(KW.h) 

WALL 0,17 185,35 31,51 23 139500 4395585 4396 

WINDOWS 2,00 32,05 64,10 23 139500 8941671 8942 

DOORS 1,00 14,48 14,48 23 139500 2019486 2019 

CELING 0,12 344,60 41,35 23 139500 5768604 5769 

FLOOR-OUT 0,30 89,60 26,88 23 139500 3749760 3750 
FLOOR-
GROUND 0,30 255,00 76,50 23 139500 10671750 10672 

                

TOTAL     254,82   139500 35546855 35547 
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             4._ TRANSMISSION LOSSES CALCULATED WITH MEAN TEMPERATURES 
    

             

             

    
TRANSMISION LOOSES 

     

             

    

WALL WINDOWS DOORS 

 
Tin Tout ΔT AREA [m2] 

Uvalue 
[W/m2 ºC] 

Q [W] AREA [m2] 
Uvalue 

[W/m2 ºC] 
Q [W] AREA [m2] 

Uvalue 
[W/m2 ºC] 

Q [W] 

January 23,00 -5,10 28,10 185,35 0,17 885 32,05 2,00 1801 14,48 1,00 407 

February 23,00 -4,90 27,90 185,35 0,17 879 32,05 2,00 1788 14,48 1,00 404 

March 23,00 -2,20 25,20 185,35 0,17 794 32,05 2,00 1615 14,48 1,00 365 

April 23,00 3,30 19,70 185,35 0,17 621 32,05 2,00 1263 14,48 1,00 285 

May 23,00 8,70 14,30 185,35 0,17 451 32,05 2,00 917 14,48 1,00 207 

June 23,00 13,80 9,20 185,35 0,17 290 32,05 2,00 590 14,48 1,00 133 

July 23,00 16,60 6,40 185,35 0,17 202 32,05 2,00 410 14,48 1,00 93 

August 23,00 15,30 7,70 185,35 0,17 243 32,05 2,00 494 14,48 1,00 111 

September 23,00 10,70 12,30 185,35 0,17 388 32,05 2,00 788 14,48 1,00 178 

October 23,00 5,30 17,70 185,35 0,17 558 32,05 2,00 1135 14,48 1,00 256 

November 23,00 0,90 22,10 185,35 0,17 696 32,05 2,00 1417 14,48 1,00 320 

December 23,00 -2,10 25,10 185,35 0,17 791 32,05 2,00 1609 14,48 1,00 363 

             Mean 23,00 5,03 17,98 185,35 0,17 566,38 32,05 2,00 1152,16 14,48 1,00 260,22 

             TOTAL 4582,23 kW 
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5._ SOLAR RADIATION THROUGH WINDOWS 
      5.1._ SOLAR RADIATION IN WINTER TIME 

       

 
Latitud 60º N 

         

  

DAY NORTH (Wh) EAST (Wh) 
SOUTH 
(Wh) 

WEST 
(Wh) 

E radiation 
(W.h) 

E radiation 
(KW.h) 

K 
rad 

E' radiation 
(KWh) 

 
January                                     31 1150 88555 23957 21960 135622 136 0,28 38 

 
February 28 5936 1568591 346214 96342 2017084 2017 0,28 565 

 
March 31 21195 2602521 670790 229016 3523522 3524 0,28 987 

 
April 30 44679 2932776 897552 497904 4372911 4373 0,28 1224 

 
May 15 31085 1409256 483552 390126 2314019 2314 0,28 648 

 
June 0 0 0 0 0 0 0 0,28 0 

 
July 0 0 0 0 0 0 0 0,28 0 

 
August 0 0 0 0 0 0 0 0,28 0 

 
September 15 15344 1328319 375084 162426 1881173 1881 0,28 527 

 
October 31 10680 2110551 487692 150586 2759508 2760 0,28 773 

 
November 30 2544 756999 163944 48576 972063 972 0,28 272 

 
December 31 822 59036 15401 12549 87808 88 0,28 25 

 
                    

 
TOTAL   133433 12856604 3464186 1609485 18063708 18064   5058 

  
242 

        

  

AREAS 
(m2) 

ORIENTATION (º) 
E radiation 

[kWh]  

 

Venetian 
blinds 

Krad factor 
E radiation 

(KWh) 

  

 
NORTH 0,53 -120 133 

  
0,28 5058 

  

 
SOUTH 5,52 60 3464 

      

 
EAST 15,87 -30 12857 

      

 
WEST 10,12 150 1609 

      

 
        

      

 
TOTAL  with venetian blinds [kWh/year] 5058 
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5.2._ SOLAR RADIATION THE WHOLE YEAR 
       

 
Latitud 60º N 

         

           

  

DAY 
NORTH 

(Wh) 
EAST (Wh) 

SOUTH 
(Wh) 

WEST (Wh) 
E radiation 

(W.h) 
E radiation 

(KWh) 
K rad 

E' r with 
venetian 

blinds 
(KWh) 

 
Jan 31 1150 88555 23957 21960 135622 136 0,28 38 

 
Feb 28 5936 1568591 346214 96342 2017084 2017 0,28 565 

 
Mar 31 21195 2602521 670790 229016 3523522 3524 0,28 987 

 
Apr 30 44679 2932776 897552 497904 4372911 4373 0,28 1224 

 
May 31 64241 2912462 999341 806260 4782305 4782 0,28 1339 

 
Jun 30 72663 2756619 1005192 965448 4799922 4800 0,28 1344 

 
Jul 31 72456 2887864 1035276 947434 4943031 4943 0,28 1384 

 
Aug 31 53233 2927222 944582 633714 4558752 4559 0,28 1276 

 
Sep 30 30687 2656638 750168 324852 3762345 3762 0,28 1053 

 
Oct 31 10680 2110551 487692 150586 2759508 2760 0,28 773 

 
Nov 30 2544 756999 163944 48576 972063 972 0,28 272 

 
Dec 31 822 59036 15401 12549 87808 88 0,28 25 

 
                    

 
TOTAL   380286 24259834 7340110 4734642 36714871 36715   10280 

  
365 
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6._ Q TO HEAT HOT TAP WATER 
    

        

        

        

 

TOT (m3) HOT (m3) HOT (Kg) Tin [ºC] Tout [ºC] AT  [ºC] 
Q hot tap water 

(Kw.h) 

Jan 35,20 14,10 14100 60 5 55 900 

Febr 35,00 14,00 14000 60 5 55 894 

Mar 36,00 14,40 14400 60 5 55 920 

Apr 35,20 14,10 14100 60 5 55 900 

May 41,80 16,70 16700 60 5 55 1066 

Jun 36,00 14,40 14400 60 5 55 920 

Jul 27,00 10,80 10800 60 5 55 690 

Aug 34,00 13,60 13600 60 5 55 869 

Sep 32,00 12,80 12800 60 5 55 817 

Oct 31,00 12,40 12400 60 5 55 792 

Nov 34,00 13,60 13600 60 5 55 869 

Dec 35,70 14,30 14300 60 5 55 913 

                

2007 TOT 412,90 165,20 165200       10550 

       
Tot (Kw.h) 

        

 

TOT (Kg) HOT( Kg) AT  [ºC] 
Q hot tap water 

(Kw.h) 

   2007 TOT 412900 165200 55 10550 
   2006 TOT 403300 161300 55 10301 
   2005 TOT 400600 160200 55 10231 
             
   MEAN Q hot tap water 

[kW.h]       10360 
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7._ INTERNAL HEAT

Nº Type FACTOR W/lampara Nº W[] Q

60 2 570

15 4 285

Fluorescent 20 2 0

40 2 76

15 5 71,25

Fluorescent 20 4 0

Halogenous 15 2 0

Hall 1 Incandescent 60 10 570

Office 1 Incandescent 15 6 85,5

0,95

0,95

0,95

Incandescent
5Rooms

Incandescent

1Kitchen

 

 

 

 

 

 

Q int 
[kWh/year] 

PEOPLE 2916 

ELECTRICAL EQUIPMENT 1500 

LIGHTING 4012 

    

TOTAL 8428 
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8._ MECHANICAL VENTILATION LOSSES 
   

       

       

       

 

V ventilation (m3/s) Tin Tout AT (K) Kvmec Qvmec (W) 

January 0,16 21,00 -5,10 26,10 188,4 4917,24 

February 0,16 21,00 -4,90 25,90 188,4 4879,56 

March 0,16 21,00 -2,20 23,20 188,4 4370,88 

April 0,16 21,00 3,30 17,70 188,4 3334,68 

May 0,16 21,00 8,70 12,30 188,4 2317,32 

June 0,16 21,00 13,80 7,20 188,4 1356,48 

July 0,16 21,00 16,60 4,40 188,4 828,96 

August 0,16 21,00 15,30 5,70 188,4 1073,88 

September 0,16 21,00 10,70 10,30 188,4 1940,52 

October 0,16 21,00 5,30 15,70 188,4 2957,88 

November 0,16 21,00 0,90 20,10 188,4 3786,84 

December 0,16 21,00 -2,10 23,10 188,4 4352,04 

              

Average 0,16 21,00 5,03 15,98 188,40 3010 

       

     
TOTAL 26365 

 
            

 
Assuming efficiency of the heat exchanger 60% TOTAL 10546 
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Measurements done with SWEMAFLOW 230 

 

 

 

 

 

 

 

 

 

 

 
  

Measurements done with Velocical Plus

 

V ventilation [m3/s] ΔT [ºC] Kvmec Qvmec [W] 
Qvmec 

[kWh/year] 

TOTAL 0,16 16 188 3010 26365 

            

TOTAL mechanical ventilation losses with a heat echanger efficiency of 60% [kWh/year] 10546 

 

Supply flow [l/s] 
Exhaust B. 

[l/s] 
Exhaust K. 

[l/s] 
Tot. Exhaust  

[l/s] 

Room A 22 8 11 19 

Room B 24 7 20 27 

Room C 19 10 12 22 

Room D 21 12 8 20 

Room E 18 8 11 19 

Kitchen 25 60 30 90 

Office 1 15 25 
 

25 

Office 2 13 8   8 

          

TOTAL 157 138   230 

 

Exhaust Air Supply Air 

V [m/s] 4 5 

T [ºC] 23 21 

HR 31% 28% 

Tvh [ºC] 4,1 2,3 
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9._ ENERGY BALANCE 
 

     

     

 

HEAT LOSSES 
[kWh / year] 

  

HEAT GAINS 
[kWh / year] 

TRANSMISSION 35547 
 

ELECTRICAL 
CONSUMPTION 50202 

MECHANICAL VENTILATION 11866 
 

RADIATION 5058 

HOT TAP WATER 10360 
 

INTERNAL HEAT 8428 

NATURAL VENTILATION 5914 
       
 

    

TOTAL 63688 
 

TOTAL 63688 
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10._ ECONOMIC STUDY 
   

     

1._ 

CURRENT 
SITUATION 

  

 

1.1_ANNUAL 
CONSUMPTION 50202 kWh 

 

     

 

1.2._ENERGY 
PRICE  

   

     

     

 

energy used 
estadistically (%) 

kWh 
ENERGY PRICE DH 

without tax [kr/kWh] 

TOTAL 
VARIABLE 
COST [kr] 

JANUARY 15 7530 0,3176 2392 

FEBRUARY 13 6526 0,3176 2073 

MARCH 13 6526 0,3176 2073 

APRIL 9 4518 0,268 1211 

MAY 4 2008 0,268 538 

JUNE 2,5 1255 0,268 336 

JULY 2,5 1255 0,268 336 

AUGUST 2,5 1255 0,268 336 

SEPTEMBER 4,5 2259 0,268 605 

OCTOBER 8,5 4267 0,268 1144 

NOVEMBER 11,5 5773 0,3176 1834 

DECEMBER 14 7028 0,3176 2232 

          

VARIABLE ENERGY COST [SEK/YEAR] 15110 

     

     

 
1.3._CHARGES 

   

     

TAXA E [kW] 
Fixed charge 
[SEK/YEAR] 

Variable 
charge/year 

[SEK/ kW 
YEAR] 

TOTAL 
CAHRGES 

[SEK/YEAR] 

2 20 674 7900 8574 

               

TOTAL COST [SEK/YEAR] (ENERGY PRICE + CHAGES + 0,25% TAXES ) 29605 

          

% SAVINGS COMPERING TO NORMAL ELECTRIC FEES 41 
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2._ HEAT PUMP 

   

     

     

 

HEAT PUMP Horizontal Vertical 

 

 

Total cost: 
(installation+heat pump) [SEK] 

175000 230000 

 

 
Annual cost [SEK/year] 15061 15061 

 

 
Annual saving [SEK/year] 35141 35141 

 

 
      

 

 
Pay-back time [years] 4,97 6,54 

 

3._ 

DISTRICT 
HEATING 

    

      

 

DISTRICT HEATING 

    

 
Total cost: (connection) [SEK] 650000 

   

 
Annual cost [SEK/year] 29605 

   

 
Annual saving [SEK/year] 20597 

   

 
    

   

 
Pay-back time [years] 31,56 

   

      

      4._ TABLES AND GRAPHICS COMPARED WITH NORMAL ELECTRICT FEES 
 

      

 
Current energy consumption 

    JANUARY 7530 
    FEBRUARY 6526 
    MARCH 6526 
    APRIL 4518 
    MAY 2008 
    JUNE 1255 
    JULY 1255 
    AUGUST 1255 
    SEPTEMBER 2259 
    OCTOBER 4267 
    NOVEMBER 5773 
    DECEMBER 7028 
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Pay-back 
time 

Horizontal heat 
pump 5,36 

Vertical heat pump 6,54 

District heating 31,56 

 

 

 

 

 

 

 

Savings 
[SEK/year] 

Horizontal heat 
pump 32641 
Vertical heat 
pump 35141 

District heating 20597 

 

  

  

 

Annual 
e. cost 

Horizontal heat 
pump 17561 

Vertical heat pump 15061 

District heating 29605 
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Savings [SEK/year] 

 

Scenario 2: 
comparing 

to normal el.fees   

Scenario 1: 
comparing to current 

agremeent  

Horizontal heat pump 32641 12044 

Vertical heat pump 35141 14544 

District heating 20597 0 

 

 

 

 

 

  


