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Abstract  

Environment has become a major concern for society, which awareness of the importance of an 

environmentally respectful development has been growing during the last decades. Economic reasons 

have encompassed this transition to a more planet friendly conception of human development. In fact, 

this transition has been parallel to the growing prices of fossil fuels, facing a clear perspective of a 

shortage on its availability, insufficient to cope with a growing demand in the near future. Within this 

context, the role of renewable energies in order to stop depending on fossil fuels and to reduce 

greenhouse gases emissions has become crucial. 

 

Because of its climate, heating represents a major source of energy consumption in Sweden, 

accounting for almost 60% of the residential and services sector energy use. Maximizing the 

efficiency of heating systems and using renewable, environmentally friendly and economically 

sustainable sources of energy may have an enormous impact on both environment and economy. 

 

In this thesis the use of district heating and ground heat pump for a multi-dwelling building is 

evaluated, both from the economic and environmental points of view. Both are recognized to be 

efficient heating systems, allowing important savings of other sources of energy, and respectful with 

the environment. 

 

An installation combining both district heating and ground heat pump, for a multi-dwelling building in 

Gävle has been analyzed. Different scenarios have been considered, and results obtained show that 

when installing a ground heat pump, both economic savings and CO2 emissions reduction are 

obtained. Annual economic savings account for 16,8% when providing 60% of the thermal energy 

with the ground heat pump, and considering the investment associated to the recent installation of a 

new heat pump (in the case studied, boreholes were already drilled), the payback time is 7,4 years. 

CO2 emissions reduction for a normal year reaches 34%. However, if we look at the wider picture of 

electricity and heat production from a community (local, regional, national or even international) point 

of view, several considerations have to be taken into account, which are discussed in the report. 
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1 Introduction 

Environment has become a major concern for society, which awareness of the importance of an 

environmentally respectful development has been growing during the last decades. Nowadays, nobody 

has solid arguments to question the principle that only combining social development with respect for 

our planet may guarantee a sustainable future for both the planet and society. This, quite clear now to 

almost everybody, was not so clear just a few decades ago, when ecological movements were accused 

from some sectors of society to block social development and well-being. 

 

Economic reasons have encompassed this transition to a more planet friendly conception of human 

development. In fact, this transition has been parallel to the growing prices of fossil fuels, while 

society has become aware of its finite nature, reaching the maximum capacity of extraction and facing 

a clear perspective of a shortage on its availability, insufficient to cope with a growing demand in the 

near future. 

 

Within this context, the role of renewable energies in order to stop depending on fossil fuels and to 

reduce greenhouse gases emissions has become crucial for both objectives: to become a society 

respectful with the environment and being economically sustainable. 

 

Sweden and the other Nordic Countries were within the firsts where the environmental awareness was 

assumed and global strategies were undertaken to face the problem. Given its climate, heating 

dominates the use of energy in the residential and services sector in Sweden, accounting for almost 

60% of the sector's energy use. People in Sweden spend more than 80% of their time indoors, and the 

building sector alone accounts for almost 40% of Sweden's total energy demand [1]. Heating systems 

play a major role on energy needs, reason why maximizing its efficiency and using renewable, 

environmentally friendly and economically sustainable sources of energy may have an enormous 

impact on both environment and economy. 

 

The objective of this thesis is to evaluate the use of district heating and ground heat pump to cover the 

demand of thermal energy in a multi-dwelling building in Gävle, both from the economic and 

environmental points of view. Both heating systems are recognized to be efficient heating system and 

respectful with the environment, allowing important savings of other sources of energy.  

 

After reviewing the state of the art of both technologies, potential economics savings associated to the 

operation of the heat pump, compared with only district heating covering all the thermal energy 

demand, have been studied. An environmental analysis in terms of CO2 emissions has also been 
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performed. Finally, the role of these two heating systems within the context of overall thermal energy 

needs in the community is discussed. 
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2 Theory 

In this chapter, district heating and geothermal energy are presented. The state of the art of both 

technologies has been studied 

2.1 District Heating 

District heating is based on the distribution of heat produced in a plant to an urban or industrial area. 

Instead of having a boiler in each building, district heating is supplied by a central plant using 

advanced methods to run on many different fuels, benefiting both environment and the households.  

 

Cogeneration plants are often the district heating supplier. In addition, district heating also benefits 

from the surplus heat from industry. Many industries have surplus heat, which otherwise is cooled 

down, wasting a lot of energy. By means of district heating, the residual heat can be used for heating 

buildings. 

 

During electricity production and industrial processes, waste heat is generated, with significant energy 

content. Using this waste heat, otherwise rejected to the environment, increases efficiency and avoids 

emissions. Rezaie and Rosen [2] point out that one of the main advantages of district heating and 

cooling systems remains in their environmental benefits. Also Lund et al. [3] state that "low energy" 

buildings can be operated using waste heat in conjunction with a district energy network. Werner [4] 

remarks the main idea of district energy is recycling the waste heat, an efficient way to reduce fossil 

fuel use for heating and associated CO2 emissions. Moreover, district heating provides an efficient 

means for utilizing renewable fuels like biomass, while reducing the use of fossil fuels for heating 

purposes [5]. 

 

2.1.1 District heating and cogeneration plants 

 

District heating is usually generated in a cogeneration plant, where heat and power is produced at the 

same time, taking profit of the high temperature flowing out of the turbine. The steam that flows out of 

the turbine is condensed in a heat exchanger and the heat is fed to the district heating system. The 

higher the steam pressure is, more heat is produced and less electricity, so by changing that pressure, 

the heat-power ratio can be controlled. A basic cogeneration cycle scheme is presented below. 
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Fig. 1. Cogeneration scheme 

 

The efficiency of a cogeneration plan is significantly better than the overall efficiency of separated 

conventional power and heat plants, ranging from 75% to 90% for a cogeneration plant compared to 

40% to 50% for the combined efficiency of conventional power and heat plants, according to different 

sources, as shown in figure 2 and figure 3 [6], [7]. This higher efficiency is due to the fact that the 

same plant is producing both electricity and heat using the same fuel.  

 

 
 

Fig. 2. Efficiency Benefits of Combined Heat and Power [6] 

 

In the next figure, combined heat and power plant connected with district heating net is shown. The 

heat obtained in the cogeneration plant can be used in many profitable ways, from heating buildings to 

being used in industry. 
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Fig. 3. Useful energy from Combined Heat and Power [7] 

 

 

District heating systems expand the range of users of recovered thermal energy, an important feature 

for implementing cogeneration plants. Svenska Fjärrvärme, the Swedish District Heating Association, 

states that nowadays, only 6 per cent of the electricity used in Sweden comes from combined heat and 

power plants, so the potential of growth of this cogeneration plants is huge [8]. 

 

Moreover, district heating combined with cogeneration has the potential to reduce human greenhouse 

gas emissions [9], using renewable fuels in the cogeneration plants and using heat that otherwise 

would be cooled down and rejected to the environment. 
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2.1.2 District heating in Sweden 

In the last decade, Sweden has considerably reduced its CO2-emissions, but maintaining high 

economic growth. The use of renewable sources and district heating have been crucial technological 

strategies for the transformation of the Swedish energy system towards a more sustainable 

development. Nowadays district heating is dominating the Swedish heating market [8]. Biofuels have 

been introduced and have become the main fuel for district heating, phasing out fossil fuels. Combined 

heat and power production is growing rapidly in Sweden. 

 

As seen in figure 4, district heating is an important heat carrier in all Nordic countries except in 

Norway, with an important increase of production during the last two decades.  

 
 

 
Fig. 4. District heat production in the Nordic countries [10] 

 

 

In Sweden, district heating represents 50 % of the heating market [11]. Figures below show the 

heating market distribution for different types of buildings: single family houses, apartment buildings 

and comercial buildings. 
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Fig. 5. Heating sources for single-family houses [11] 

 

 

 

 
Fig. 6. Heating sources for apartment buildings [11] 
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Fig. 7. Heating sources for offices, shops, etc. [11] 

 

District heating is dominating the apartment buildings and comercial buildings market (including 

offices, shops, etc.). For single-family houses, electricity is the dominating source of energy for 

heating, mostly due to the extended use of heat pumps. In next figure, a summary of the heating 

market is displayed. 

 

 

 
Fig. 8. The district heating market summary  

 

 

Figure 9 shows the use of district heating between 1970 and 2010, with an increasing tendency. The 

large increase for the last two years, especially the case for 2010, has been influenced by unusual cold 

winters. 
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Fig. 9. Use of district heating (TWh), 1970-2010 [12] 

 

The first district heating municipal network in Sweden was built in Karlstad in 1948. In the earliest 

days, district heating plants were oil-fired, but since the early 1980s the plants gradually switched to 

using renewable source. Biofuels, such as energy forest or waste from forest felling, have become the 

main primary energy source. In figure 10 the evolution can be clearly observed. 

 

 
Fig. 10. District heating energy input, 1970-2010 [12] 
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In 2010, the use of biofuels, peat and waste in district heating plants reached a value of 47 TWh, 

having increased more than five times since 1990, as seen in figure 11. 

 

 
 

Fig. 11.  Use of biofuels, peat and waste in district heating plants, 1980-2010 [12] 

 
 

Comparing the Nordic countries, Sweden uses the highest proportion of biomass in the mix of energy 

carriers for district heating production, as seen in the figure below. 

 

 
Fig. 12. Energy carriers in district heat production [10] 
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2.1.3 District heating in Gävle 

District heating has an important role in Gävle's heating market. It is provided by Gävle Energi, who 

states that in the centre of Gävle, around 95% of the buildings are heated by the district heating net 

[13]. The heat is distributed to the different buildings through pipes, often steel tubes with insulation 

and an outer shell of polyethylene. Normal net losses are approximately 10 % of produced energy 

[11]. Gävle's district heating network, seen in figures 13 and 14, has about 2 x 330 km of conduits, for 

both supply and return pipes, accounting for approximately 18000 m3 of water and around 5000 

delivery points [14].  

 

 
Fig. 13. District heating network in Gävle [15] 

 



 

 

20 

 
Fig. 14. District heating net and different plants in Gävle [14] 

 

Heat for the district heating network comes from different sources. The main plant is Johannes Plant, 

owned by Gävle Energi. It is a cogeneration plant, where both electricity and heat are provided. 

Another important heat provider is Korsnäs AB pulp mill. In Korsnäs, one part of the heat comes from 

the surplus heat in the industry, and the other part is produced in a cogeneration plant. When operating 

problems occur, two additional plants can come into operation. These are Ersbo and Carlsborg. Ersbo 

is run by biofuels, while Carlsborg is oil fired. A scheme is displayed in the following figure. 

 

 
Fig. 15. Heat production in Gävle municipality 
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Values provided by Gävle Energi for the different sources for district heating in 2010 are the 

following: 

 

Surplus heat 20% 

Oil 8% 

Biofuels 48% 

Flue gas condensation 23% 

 

Table 1. District heating sources. 2010. Gävle Energi [13] 

 

Surplus heat comes from Korsnäs industry, accounting for 20% of the total heat delivered by the 

district heating net. A value of 8% from oil is a high value, according to Gävle Energi, that states that 

for a normal year oil percentage is below 4%. These values correspond to year 2010, which was a cold 

year. Biofuels are the main source of energy, accounting for 48%. Flue gas condensation is a 

condensation technique to use the waste heat from the boiler in the chimney, while decreasing the 

temperature of the smoke and also cleaning it. 

 

The different sources of heat and its contribution in 2010 are listed below for the different plants: 

 

Korsnäs 

Flue gas condensation 119 GWh 

Bio fuel 106,2 GWh 

Surplus heat 178,3 GWh 

Oil 67,4 GWh 

Johannes 

Flue gas condensation 95,9 GWh 

Bio fuel 323,3 GWh 

Oil 1,7 GWh 

Ersbo 
Fossil fuel 0,3 GWh 

Bio fuel 2,8 GWh 

Carlsborg Fossil fuel 3,3 GWh 

Total  898,2 GWh 

 

Table 2. Heat sources for Gävle's district heating, year 2010. Gävle Energi [16] 
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Johannes Plant 

 

Johannes Plant was buit in 1998, and accounts for the 50% of the district heat supply in Gävle. It is 

situated in Johannesbergsvägen, in the south of Gävle. It is in operation from September to May, as in 

summer the heat demand is low and Korsnäs can cover it. Johannes Plant is a cogeneration plant run 

by biofuels, mainly bark, waste wood and forest residues. However, when there are technical problems 

oil may also be used. 

 

 
Fig. 16. Johannes Plant [15] 

 

According to values provided from Gävle Energi for 2010, biofuels in Johannes plant were 50,3 % 

bark, 22,2 % wood waste, 21,1 % forest residues and 6,4 % wood chips. A big amount of biomass is 

stored outside in Johannes, and an important amount is waste from the paper industries. 

 

A basic scheme for Johannes plant cogeneration cycle is shown in figure 17. The fuel is burned in the 

boiler, and the high-pressure steam produced goes to the turbine, where it expands and cools, 

producing electricity. The energy content of the steam is then used in the district heating network, 

being condensed in two heat exchangers and delivering heat to the district heating water. The exhaust 

gases from the boiler go through an electrostatic precipitator, where it is cleaned, and then through a 

flue-gas condensation system, where heat from the exhaust gases is extracted and delivered to the 

district heating network. 
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Fig. 17. Johannes plant cogeneration cycle [15] 

 

 

The main parts in Johannes Plant are the boiler, with a capacity of 77 MW, the turbine, 22 MW and 

the flue gas condenser, 20 MW [14]. In next figure, a scheme of the plant is presented. 

 

 

 

 
Fig. 18. Johaness Plant scheme [15] 
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Korsnäs 

 

Korsnäs AB is a pulp mill situated in the East part of Gävle. It takes an important role in the district 

heating production, taking profit of its surplus heat. Additionally, heat is produced in a cogeneration 

plant, which electricity production is used in the industry. In this cogeneration plant, still quiet a lot of 

oil is being used, so Bomhus Energi AB (owned by both Gävle Energi and Kornsäs AB) is building a 

new cogeneration plant in Korsnäs, to replace the old one. This will reduce about 25.000 m3 of oil 

used, which equals to a big reduction of CO2 emissions.  

 

 

 

 
Fig. 19. Korsnäs air view [17] 
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2.1.4 District heating distribution 

 

Heat for district heating is generated somewhere in a central plant, or different plants, and distributed 

to a whole city or area. The plant heats water, which circulates in the district heating net through 

isolated pipes. In every delivery building point, district heating water transfers heat to the building 

water through heat exchangers, with no mixing between district heating water and building water. One 

heat exchanger is used for hot tap water and another for the radiators. A meter measures the amount of 

district heating water passing through the heat exchangers and the temperature difference between 

district heating supply and return, in order to calculate the amount of energy consumed. 

 

 
Fig. 20. District heating distribution [11] 

 

 
Fig. 21. Heat exchange from district heating net to the house [11] 
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2.2 Geothermal energy 

Geothermal energy is the thermal energy contained inside the Earth. It is a form of renewable energy 

that is independent of the sun, having its ultimate source within the Earth. It originates from the Earth's 

formation, around 4600 million years ago, but of much greater importance today because of the decay 

of long-lived radioactive isotopes, principally thorium 232, uranium 238 and potassium 40, liberating 

heat as they decay. The temperature at the Earth's centre is around 7000 ºC, so heat flows out of the 

Earth because of this difference between the interior and the surface temperatures [18]. Geothermal 

gradient averages 30ºC/km of depth, increasing rocks temperature with depth. In order to take profit of 

this heat, drilling is necessary to get higher levels of temperature [19]. 

 

By using geothermal resources, we get free energy taking advantage of the gradient between internal 

and external temperatures of the Earth, as temperature inside the Earth remains approximately 

constant all year around. 

 

Geothermal resources can be used in many ways, from power generation, not treated in this thesis, to 

direct-use application, as space heating, bathing and swimming purposes, and ground heat pumps, this 

last one being one of the objects of study of this thesis. 

 

2.2.1 Direct use of geothermal energy 

Direct utilization of geothermal energy refers to the immediate use of the Earth's heat energy. It is one 

of the oldest and most versatile forms of taking profit of geothermal energy, and it is significantly 

growing. The major areas of direct utilization are swimming, bathing and balneology, space heating 

and cooling including district heating, agriculture applications, aquaculture applications, industrial 

processes, and heat pumps [20]. 

 

Lund et al. [20] state in their report that in 2010 direct utilization of geothermal energy was present in 

78 countries, what represents a significant increase from the 72 reported in 2005, the 58 reported in 

2000, and the 28 reported in 1995. An estimation of the worldwide installed thermal power for direct 

utilization at the end of 2009 was 48493 MW. 

 

The worldwide distribution of thermal energy use by category is approximately 47,2% for ground heat 

pumps, 25,8% for bathing, swimming and balneology, 14,9% for space heating (85% for district 

heating), 5,5% for greenhouses and open ground heating, 2,8% for industrial process heating, 2,7% for 

aquaculture pond and raceway heating, 0,4% for agricultural drying, 0,5% for snow melting and 
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cooling, and 0,2% for other uses (figure 22). Compared to using fuel oil for generating electricity, 

energy savings amounted to 250 million barrels (38 million tonnes) of equivalent oil annually, and 107 

million tonnes of CO2 being release to the atmosphere, including savings for geothermal heat pumps in 

the cooling mode [20]. 

 

 

 
Fig. 22. Geothermal direct applications worldwide in 2010, distributed by percentage 

of total installed capacity (a) and percentage of total energy use (b). [20] 

 

 
In figure 23, the growth rate of installed capacity and annual energy use over the past fifteen years is 

shown. The worldwide direct-use geothermal installed capacity has been multiplied by five times from 

1995 to 2010, and its utilization by a factor above 4 during the same period. The most significant 

change is due to ground source heat pumps, with a huge growth in the latest years (figure 24). 
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Fig.23. Worldwide installed direct-use geothermal capacity and annual utilization from 1995 to 2010 [20] 

 

 

 
Fig. 24. Comparision of worldwide direct-use geotermal energy n TJ/yr for 1995, 

2000, 2005 and 2010 [20] 
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Sweden is one of the "top five" countries on direct utilization of geothermal energy. According to 

Lund et at. [20], the installed capacity for 2010 was 4460 MW and the annual use 45301 TJ.  

 

In table 1 the worldwide evolution of the various categories of geothermal direct use is shown. 

 

 
Table 3. Summary of the various categories of direct use worldwide for the period 1995-2010 [20] 

 

 

2.2.2 Ground heat pumps 

 

In Sweden, ground heat pumps gained popularity in the early-1980s. In 1985, about 50000 units had 

been installed. During the next 10 years, the heat pump market deflated, due to lower energy prices 

and quality problems, and only about 2000 units were installed per year. In 1995, the strong support 

and subsidies from the Swedish state made a new growing, and in 2001 and 2002 about 27000 ground 

heat pumps were installed [21]. 

 

Swedish ground heat pump installations are usually recommended to cover about 60% of the 

dimensioning load, in order to get better efficiency. Sometimes, electric heaters integrated in the heat 

pump cabinet cover the remaining load [21]. 
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Ground source heat pumps rely on the fact that Earth's subsoil temperature is stable. To take profit of 

this temperature, boreholes are drilled. Heat is transferred by conduction through the walls of the 

borehole, from the sub-soil to the working fluid circulating inside the loop. Then, this fluid is used to 

evaporate the circulating fluid of the heat pump. For the heat pump operation, electricity is needed, but 

the ground heat pump can deliver three to four times more energy than the energy content of the 

electricity it consumes, obtaining an efficient system. 

 

Heat pumps, theoretical study  

 

A heat pump is a device that moves heat from one medium to another. It transfers thermal energy from 

a lower temperature medium to another with higher temperature, where even a higher temperature is 

needed. To achieve this energy transfer power is needed as, according to the second law of 

thermodynamics, heat moves spontaneously anly from a hot medium to a cold medium. 

  

 
Fig. 25. Vapour-compression cycle [22] 

 

A heat pump works with a vapour compression cycle, showed in figure 25. It is composed by a work 

driven compressor, two heat exchangers, (one exchanging heat at a low temperature and the other at a 

high temperature), and an expansion valve. The heat exchangers are respectively named evaporator 

and condenser, as the working fluid of the heat pump is evaporated and condensed. 

 

Its principle of operation is relatively simple: a working fluid is turned into vapour at a low pressure 

and temperature; then, a work driven compressor, usually working with electricity, increases the 

pressure of the working fluid vapour; through the condenser, the working fluid transfers heat to the 
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high temperature medium and condenses. Finally the working fluid liquid is expanded via an 

expansion valve, and back into the evaporator, where the cycle starts again. 

 

To achieve the heat transfer in the heat exchangers, there should be a temperature difference between 

medium temperature and refrigerant temperature in both evaporator and condenser [23]. 

 

In order evaluate the efficiency of a heat pump, the coefficient of performance, COP, is used, 

calculated by next formula when operating in the heating mode:  

 

𝐶𝑂𝑃 =  
𝑅𝑒𝑙𝑒𝑎𝑠𝑒𝑑 ℎ𝑒𝑎𝑡

𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛
  =

𝑄!"#
𝑊

                        (1) 

 

Where QOUT is the thermal energy output delivered from the heat pump and W is the mechanical power 

needed for the compressor. 

  

The ideal COP, corresponding to the Carnot cycle, equals to the high temperature (TH) divided by the 

difference between high (TH) and low temperature (TL), in K [24]. The real COP for a typical ground 

heat pump is normally around 50% of the Carnot COP. 

 

𝐶𝑂𝑃𝐶𝑎𝑟𝑛𝑜𝑡 =  
𝑇𝐻

𝑇𝐻 − 𝑇𝐿
                          (2)  

 

Accordingly, for the same TL, the higher TH desired, the lower COP obtained. 

 
 
Ground heat pumps  
 
A ground heat pump is a type of heat pump that takes advantage of the stable temperature of the 

ground to get free and environmentally friendly energy. As mentioned above, heat pumps use a 

working fluid that requires energy to evaporate, obtained from the surrounding in the form of heat. In 

ground heat pumps, heat from the subsoil is taken by the mixture going down the boreholes and 

delivered to the heat pump working fluid, allowing it to evaporate. 

 

As the presence of groundwater is not a prerequisite, this technology can be applied almost anywhere 

[18]. Buildings using ground heat pumps range from small housing to large institutional or 

commercial buildings. For domestic single-family houses, smalls units are installed, approximately 

between 2 and 15 kW, while for multifamily houses larger units are needed, from 20 to 100 kW, as 
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states the SP Technical Research Institute of Sweden. For commercial and institutional installations, 

large units of over 150 kW can be installed [20]. 

 

Ground heat pump can use vertical or horizontal configuration, represented in figure 26. Vertical 

configuration is more common, as less surface area is needed. In the residential sector, the average 

boreholes depth of vertical installations is around 125 meters, while for horizontal installations the 

depth is generally between 1,5 m and 2 m, with an average loop length about 350 meters [21]. Single 

U-pipes, normally polyethylene tubes, are used in almost all the installations. It has been demonstrated 

that natural convection enhances the heat transfer in groundwater-filled boreholes compared with 

sand-filled boreholes [21].  

 

 

 

 
Fig. 26. Horizontal and vertical configuration for a ground heat pump [25] 
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2.3 Electricity in Sweden 

As ground heat pumps need electricity for their operation, in this chapter electricity production in 

Sweden will be analysed, especially in reference to the sources of energy used and their impact on the 

environment. Sweden's electricity production is already 96% climate-neutral today, and Swedenergy 

claims in their 2050 study that electricity will play a central role in the transition to a climate-neutral 

society [26]. 

 

In the table 4, from The electricity year 2010 [27], it can be seen that electricity production in Sweden 

is dominated by CO2 –free hydropower and nuclear power. Of total electricity output in 2010, 

hydropower accounted for 45,7%, wind power for 2,4%, nuclear power for 38,3% and other thermal 

power for 13,6%. 

 

 
Table 4. Electrical energy balance (TWh) 2006-2010, according to Statistic Sweden [27] 

 

 

The rate of wind energy expansion has accelerated in recent years and wind power made up to 2,5% of 

Sweden’s total electrical output in 2010 (from preliminary data shown in table 4). Also thermal power 

is growing in terms of generated electricity. Thermal power produced with biomass fuels accounted 

for 9% of total electrical output and fossil-fired production for around 5% in 2010 [27]. 

 

The percentage of renewable electricity generation in the form of hydro, wind and biomass-based 

thermal power in Sweden is over 50%, as reflected in figure 27. If nuclear power is included the 

percentage of CO2-free electricity generation is 96%, which means that only 4% of Sweden’s 

electricity generation uses fossil-based or other fuels [27]. Nuclear power can be considered climate-
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neutral, as there are no CO2 emissions in nuclear plants, but is not a renewable source, and implies a 

huge problem with nuclear residues.  

 

Hydro power production depends on the precipitations during the year. The average annual production 

is 66,9 TWh, based on production from 1986 to 2010. The lowest production was in 1996, which was 

a dry year, with a value of 52 TWh, while the highest production accounts for 79 TWh in 2001. 

 

 
Fig. 27. Development of renewable electricity generation in Sweden [27] 

 
 
The Nordic electricity market and the exchange of electricity between neighbouring countries are of 

crucial importance for Sweden’s electricity supply. For many years the Nordic countries have 

cooperated by utilizing their different production potentials. As shown in figure 28, the production 

mix differs between countries, as the conditions for power generation vary.  

 

 
Fig. 28. Normalized electricity production mix in the Nordic region [27] 
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2.3.1 Electricity uses in Sweden 

 

Electricity consumption trends are linked to economic growth. Until 1986, the rise in electricity usage 

was higher than gross national product (GNP) growth, fact highly attributable to the increased use of 

electrical heating. However, since 1993 electricity consumption has been increasing at a lower rate 

than GNP [27]. In figure 29, a breakdown of electricity usage by sector and its development is 

represented. 

 

 
Fig. 29. Electricity usage by sector, 1970-2010 [27] 

 
 
In the residential sector, electrical heating accounts for 30% of the total heating energy used, mostly 

attributable to single-family houses. Last years, the number of heat pumps has increased significantly, 

in order to reduce the purchased energy for residential heating and hot water purposes. However, 

Swedenergy states that district heating has been the preferred choice in new construction and 

conversion of buildings, where available [27]. The electricity use in the residential and service sectors 

are represented below. 
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Fig. 30. Electricity use in the residential and services sector, 1970-2009, temperature corrected [12] 

 
 
 

One goal of the Swedish energy policy remains on reducing the electricity use for heating in the 

building sector. Johansson et al. [28], claim that an increase in electricity consumption will result in 

increased CO2 emissions, as marginal electricity demand is covered by coal-condensing power, 

resulting in high CO2 emissions. 
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3 Process and results 

For the purpose of this thesis, a case of a multi-dwelling building in the centre of Gävle has been 

studied. The building, located at Norra Kungsgatan 37-43, was built in 1946, and nowadays is owned 

by Gavlegårdarna. It contains 68 apartments, with a total heated area of 4210 m2.  At first, the building 

was heated by oil. In 1989, the first ground heat pump was installed, and later, district heating 

provided by Gävle Energi was incorporated to the heating system. Recently, a new ground heat pump 

has been installed, replacing the old one. The model is IVT Greenline F-70, with the thermal power of 

70 kW. 

 

One of the reasons why the ground heat pump has been renewed is to avoid legionella infection. With 

the old heat pump, hot tap water was heated directly by the heat pump and stored in seven 500 l 

isolated tanks. Storage tanks with hot water have more possibilities to be colonized by Legionella, 

with the possibility of causing a legionella outbreak to the building habitants. With the new 

installation, the difference is that the water going to the different apartments is not stored. There is one 

tank, with a volume of 700 l, which stores hot water in a close circuit, being heated by the ground heat 

pump. In that configuration, hot tap water is not stored, as the cold water coming from outside go 

through the tank, where the heat exchange takes place.  

 

Another reason to replace the ground heat pump was to get better efficiency, as the old one was not 

working properly. Moreover, the old pump used R22, which used to be the most widely used 

refrigerant in this field. Nowadays, its distribution has been forbidden due to highly damaging the 

ozone layer, as states the Regulation (EC) No 2037/2000 of the European Parliament and of the 

Council of 29 June 2000 on substances that deplete the ozone layer [29]. The new heat pump works 

with R407C, a good alternative as it does not damage the ozone lawyer, it has a low greenhouse effect, 

it is not toxic neither flammable, and it is energetically efficient, although M. Fatouh et al. [30] 

maintain that a better performance, in terms of operating parameters as well as COP, can be 

accomplished using R22 compared to R407C. The refrigerant R407c is a Hydro fluorocarbon (HFC), a 

mixture of three refrigerants: 23% of R32, 25% of R125 and 52% of R134a. It is better than R22 for 

the ozone layer, as it does not have chlorine atoms [31]. 

 

Today, the thermal energy demand for the building is covered by a combination of ground heat pump 

and district heating, which characteristics are treated in the following sections. 
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Thermal energy demand for the building 

 

Energy consumption has been checked with the energy declaration (energideklaration) of the building, 

regulated by the Swedish authority Boverket. The energy declaration for Norra Kungsgatan 37-43 was 

reported in 2008 by the company Greencon energi & miljö AB, using energy data from 2007. 

 

The Energy Declaration is an initiative from the European Union, the Energy Performance of 

Buildings Directive (EPBD). In Sweden, EPBD implementation is responsibility of the Ministry of 

Enterprise together with the Ministry of Environment. Every building has to declare its energy 

consumption. Boverket (the Swedish National Board of Housing Building and Planning), is managing 

most of this process, having designed the entire declaration system, based on a central registry and 

database [32]. Energy declaration is a good initiative in order to make owners aware of the energy 

they are consuming. 

 

The energy declaration for a multi-dwelling building includes energy consumption for heating, hot tap 

water and building electricity, corresponding to a normal year. As the desired consumption is 

associated to thermal energy demand, building electricity will be excluded. 

 

For the current building, the energy declaration (attached in Appendix 1) states that the energy 

consumption for a normal year is 140 kWh/m2. Two aspects have to be taken into account: first of all, 

that this value corresponds to the energy consumption, different to the thermal energy demand due to 

the COP of the heat pump and due to building electricity is not included in the thermal energy; 

secondly, that the heated area considered in the energy declaration was higher to the one provided by 

Gavlegårdarna. This was due to the way of calculating the heated area. The area used in the energy 

declaration is called Atemp, equivalent to the heated floor area where temperature is desired to be 

above 10ºC. To convert from BOA (residential apartments surface area) to Atemp, a factor of 1,25 is 

used. If multiplying the apartments area per 1,25, the area obtained is 5106 m2, method used by 

Greencon energi & miljö AB in the energy declaration. As the area provided by Gavlegårdarna 

corresponding to the heated area was 4210 m2, the energy consumption has been recalculated 

according to this area. The calculation procedure is explained below and presented in table 5.  

 

Data corresponding to energy declaration for 2007 indicates a district heating consumption of 552900 

kWh and electricity consumption of 121500 kWh. Electricity consumption has been divided in two 

parts, one corresponding to the electricity for the ground heat pump, and another corresponding to the 

electricity for the building: lightning, elevator, ventilating, etc. Considering a value of 8 kWh/m2 for 

this second part, and a heated area of 4210 m2, that corresponds to 33680 kWh, while 87820 kWh 

would correspond to the heat pump. As the COP of the heat pump in that moment was not know, 
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Energideklarering av byggnader [33] states that a COP of 2,5 is the standard for heat pumps, allowing 

the calculation of real consumption for 2007, presented in table 5. The thermal energy consumption 

for heating and hot tap water obtained for the year 2007 is 772450 kWh.  

 

In order to get the value for a normal year, correction by means of degree hours has been used. The 

same conversion factor than the one used in the energy declaration has been applied, obtaining a 

consumption for a normal year of 834246 kWh. With the area considered of 4210 m2, the thermal 

energy consumption equals to 198,16 kWh/m2 per year. From now on, the value considered for the 

annual consumption associated to heating and hot tap water will be 200 kWh/m2, equivalent to 842000 

kWh. 

 

 

 Consumption Thermal energy 

District heating 

(2007) 
552900 kWh 552900 kWh 

Electricity 

consumption 

(2007) 

121500 kWh 

33680 kWh 

(Building electricity) 
- 

87820 kWh 

(Ground heat pump) 
219550 kWh 

Total 2007  772450 kWh 

Total for a  

normal year 
 834246 kWh 

 

Table 5. Thermal energy demand for Norra Kungsgatan 37-43, data from 2007 

 

A thermal energy demand of 200 kWh/m2 per year is a high value, according to Sweco [35]. This is 

due to the fact that the building is old, not well isolated. For new buildings in Gävle, in the climate 

zone II, the Building Regulations by Boverket determines that the energy use should not exceed 110 

kWh per m2 and year, for buildings with non electric heating [34]. 
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3.1 Ground heat pump installation 

By the ground heat pump installation, free energy is obtained from the ground. The ground average 

temperature at 100 meters deep in Gävle is about 5ºC [35], and it is stable during the year. With the 

help of the heat pump and electricity to get mechanical work, this heat is moved to a higher 

temperature, for heating purposes. 

 

When the first ground heat pump was initially installed in the building in 1989, twenty boreholes were 

drilled with a depth of 100 meters. Although replacing the heat pump, the original boreholes and pipes 

are still in use. At that time, holes were drilled very close one to each other, but it would have been 

better having them more separated, to avoid the ground cooling. The material of the pipes in the 

ground is plastic in order to be flexible, and inside the building is cupper, well isolated. The fluid 

going through the tubs down the boreholes is a mixture composed of water and 30% bio ethanol, in 

order to avoid freezing. Heat is transmitted from the ground by conduction through the pipes surface.  

 

 

 
Fig. 31. Ground heat pump pipes 

 

 

The heat pump for this building is from IVT, model Greenline F70. It works with a scroll compressor, 

valued for its relatively quiet operation and compact design [21]. Data for the heat pump is shown in 

Appendix 2. As said before, the working fluid is R407C. It goes through the evaporator, where it gets 

heat from the water-ethanol mixture, and at a low pressure it evaporates, changing to vapour state. The 

vapour enters the compressor, where pressure and temperature are increased by mechanic work, 
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converted from electricity input. The high-pressure vapour goes through the condenser, where it 

delivers heat to the tank-close-cycle water for heating tap water or to the radiators circuit and 

condenses. Finally, the high-pressure liquid goes through the expansion valve, where recovers the 

initial pressure value and is cooled to start the cycle again. 

 

 

 
Fig. 32. Ground heat pump IVT Greenline F70. 

 

 

Using the software Solkane [36] we get a possible cycle followed by the refrigerant when the heat 

pump is working between 0/50ºC, represented in figure 33. Superheat of 10 ºC and subcooling of 5 ºC 

were considered. This is just a possible scheme, as pressure in the evaporator and condenser was not 

known. It has been observed, however, that the heat pump is working intermittently, depending on the 

heat demand, and working temperatures vary with the time. 
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Fig. 33. P-h diagram for R407C. [36] 

 

 

For the tap water side, an isolated tank is needed, storing the water heated by the pump and 

exchanging heat with the cold water coming from outside and going to the different apartments. Three 

pipes, 25 meters long each, go through the tank with cold water coming from outside. These pipes 

have fins, in order to improve the heat exchange. Inside the isolated tank, the heat exchange between 

the cold water inside the pipes and the stored water in the tank takes place. The tank water follows a 

closed cycle, being heated by the ground heat pump. In order to pump the water through the system, 

circulation pumps are installed in the system. 
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3.2 District heating installation 

In this building, district heating is provided by Gävle Energi. Hot water is coming from the district 

heating net, and heat is exchanged by different heat exchangers inside the building, shown in the 

figure below. 

 

 

 
Fig. 34. Heat exchanger for district heating. Radiators side (left) and tap water side (right) 

 

 

As explained before, district heating goes through different heat exchangers for tap water and 

radiators, which constitute two independent circuits. 

 

District heating network temperature varies with the outside temperature, as can be observed in figure 

35. Supply temperatures in the district heating net can vary from 110 ºC in the coldest day to below 70 

ºC. During 2008, the average value for the supply temperature was 75,4 ºC, and 46,9 ºC for the return 

temperature. 
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Fig. 35. Supply (red dots) and return (in blue) temperatures in the district heating net at different outdoor 

temperatures, year 2008 [37] 

 

District heating flow through the heat exchangers is regulated by valves, as the one in figure 36. These 

valves are mechanical valves controlled electronically, as a function of the heat needed from the 

district heating net.  

 

 
Fig. 36. District heating valve 
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3.3 Combining ground heat pump and district heating 

When combining the ground heat pump with district heating, a complex installation is needed. In the 

following figure, the installation scheme for the building can be seen. 

 

 
Fig. 37. Scheme for Norra Kungsgatan 37-43 [38] 

 

In the scheme, the right part corresponds to tap water, while left side corresponds to the radiators 

system. The ground heat pump is situated at the bottom of the scheme (värmepump), and district 

heating pipes correspond to FJV. It can be seen that both the district heating and the ground heat pump 

systems can transfer heat to both tap water and radiators circuits. For the ground heat pump, valve 

SV3 is controlling the side where the heat pump is delivering heat (tap waters or radiators), while for 

the district heating two different valves (SV2 and SV1), controlled electronically, control the district 

heating flow. VVB, in the centre of the scheme, corresponds to the tank, operating both as storage and 

heat exchanger. VVX-VV corresponds to heat exchangers for district heating in the hot tap water side, 

while VVX-VS corresponds to the district heating heat exchanger for the radiators side. About 

circulation pumps, P-VP and P-KB are included in the cabinet of the heat pump, while P-VS and P-

VVC are external circulation pumps for the building. 
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Building heating and tap water systems 

 

Two independent water circuits are installed in the building, one for tap water and another for the 

radiators. 

 

Tap water system 

 

Tap water use is not climate dependent. It is used all the year round, for showering, cooking, cleaning, 

etc. Cold water from outside comes into the building at an average temperature of 10ºC, and the 

desired temperature for tap water is 60ºC. The authorities states that the temperature should never be 

above 60ºC in order to avoid skin burning, and never below 50ºC, in order to prevent legionella 

outbreaks. 

 

Tap water is not stored in the building. Cold water at 10ºC enters to the building, where it is heated 

crossing through the tank (which is heated by hot water from the heat pump) and through the district 

heating system, and it is distributed to the different faucets in the apartments. The tank is shown in the 

figure below, where two pipes correspond to tap water and other two pipes correspond to the close-

cycle water heated by the heat pump. 

 

 
Fig. 38. Tank where heat exchange with tap water takes place 
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Radiators system 

 

At the radiators side, water follows a closed circuit. The radiators deliver heat to the housing, 

decreasing the return water temperature, which is risen again by the district heating or the ground heat 

pump to enter to the radiators again. The temperature in the radiators side is climate dependent. For an 

old building like the one studied in this thesis, not as well isolated as a new one, the temperature 

needed for the coldest days on the radiators side is about 80ºC, and return temperature around 60 ºC. 

 

Sensors are displayed in order to measure the outside temperature. The colder it is, a higher 

temperature supply for radiators is needed. Supply water temperature for radiators is set in the 

computer by the owner, as a function of outside temperature. Moreover, when the desired temperature 

is reached in the apartment, the radiator thermostat blocks the entrance of hot water to the radiator.  

 

Heat exchange between the hot water circulating inside radiators and the housing is due to radiation 

and convection, following the formula [39]. 

 

𝑃!"# = 𝑘 · 𝐴!"# · ∆𝑇!                   (3) 

 

Where k (W/m2) is the radiator heat transfer coefficient, with a value between 6,5 and 10 W/m2, Arad 

(m2) is the radiator heat transfer area and ΔTm (K) is the average temperature difference between the 

radiator and the ambient, calculated as indicated in the following formula [39]. 

 

∆𝑇! =
𝑇!"##$% − 𝑇!"!"#$

𝑙𝑛
𝑇!"##$% − 𝑇!""#
𝑇!"#$!% − 𝑇!""#

           (4) 

 

 

Operating mode 

 

When combining both systems, the ground heat pump works as base load, prioritizing tap water side, 

while district heating deals with the high thermal energy demand. The peak heating demand of the 

building according to the estimation from the heat pump supplier, IVT, in its report for Norra 

Kungsgatan 37-43 (attached in Appendix 3), is 275,5 kW. 

 
The operation mode in the building is the following: the ground heat pump prioritizes to warm the 

water in the tank, where the exchange with the tap water takes place. As the desired temperature in the 

faucet is 60 ºC, tap water needs to be reheated by district heating after leaving the tank. The intention 
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according to Sweco was to have 47 ºC as the desired temperature for the tank loaded. In the scheme 

presented in figure 37, two heat exchangers for district heating on the tap water side are displayed, but 

actually only one is working (the first one is bypassed), for reheating the water after it goes through 

the tank. Preheating the water was not energetically efficient, as for the heat pump is more convenient 

to heat the cold water directly, working with lower temperatures. 

 

When the tank temperature is below 45 ºC (designing temperature) the heat pump starts loading the 

tank. When the tank is completely loaded, designing temperature 47 ºC, the valve (SV3) is closed for 

the tank side and opened to the radiators side if there is heat demand. It has to be specified that the 

ground heat pump only works with the radiators side when the temperature is low enough to deliver 

heat from the heat pump. If not, the heat pump stops, starting again when the tank needs to raise its 

temperature. 

 

District heating has to deal with the building heat demand that the heat pump can not cover. District 

heating pipes going to the heat exchangers are provided with valves, shown before in figure 36, in 

order to regulate the district heating flow, depending on the energy needed from district heating. 

 

 

3.3.1 Measurements 

 

Heat pump coefficient of performance 

 

In order to obtain a real value for the coefficient of performance of the heat pump, both electricity 

consumption and energy delivered by the ground heat pump have to be measured. 

 

These values are displayed in the building, in different electronic devices, seen in figure 39. The 

electricity consumed by the heat pump is displayed in a meter. In order to get the power delivered by 

the heat pump, the device uses sensors to measure the temperature difference and the flow rate through 

the condenser.  
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Thermodynamics formulas are the following: 

 

𝑃 =  𝑚 · 𝐶𝑝 · Δ𝑇      [𝑘𝑊]              (5) 

 

𝐸 =   𝑃 𝑑𝑡
!

!
           [𝑘𝑊ℎ]                (6) 

 

 

Where P is the heat power (kW), 𝑚 is the mass flow (kg/s), Cp is the fluid specific heat (kJ/kg K) and 

ΔT is the temperature difference of the fluid (K). When doing the integration by the time, the energy E 

is obtained (kWh). 

 

 

 
Fig. 39. Energy meters. Heat pump delivered heat (left) and electricity consumed by the heat pump (right) 

 

 
Values obtained from the meters at different days are the following: 

 

Day and time Electricity input to 

 the heat pump 

(meter reading) 

Delivered heat from  

the heat pump 

(meter reading) 

9 May 17h 27128 KWh 78,17 MWh 

21 May 20h 31404 KWh 91,51 MWh 

Difference 4276 KWh 13,34 MWh 

 

Table 6. Electricity input and delivered heat from the heat pump 
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By these measurements we get that for an electrical input of 4276 KWh in the heat pump, it delivered 

13,34 MWh, so the coefficient of performance, COP, can be calculated. 

 

𝐶𝑂𝑃 =  
𝐸𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑
𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦

=
13340 𝐾𝑊ℎ
4276 𝐾𝑊ℎ

= 3,12                   7  

 

 

The COP value obtained from real data is 3,12. This is in accordance with the COP value of 3,13 from 

the company technical data brochure for the heat pump, when operating between 0 and 50 ºC. 

 

 

Use of district heating and ground heat pump 

 

Knowing the values for the delivered energy from the ground heat pump and district heating 

consumption, an estimation of the different percentages used from each source can be obtained. 

 

For district heating consumption, there is also a meter in the district heating system. The procedure is 

the same than for the heat pump, measuring the flow rate and the difference of temperatures between 

the input and output. The new ground heat pump started operating this winter, reason why the 

cumulative energy delivered by it presents very low values. 

 

 

Day and time 

Reading of heat 

produced by the heat 

pump 

Reading of heat 

consumed from district 

heating 

19 April 14h 52,44 MWh 2684,99 MWh 

21 May 20h 91,51 MWh 2708,42 MWh 

Difference 39,07 MWh 23,43 MWh 

  

Table 7. Delivered heat from ground heat pump and district heating. 

 

 

From 19th April to 21st of May, 39,07 MWh were delivered from the heat pump, while only 23,43 

MWh were delivered from the district heating net. That corresponds to 62,5% of the thermal demand 

covered by the ground heat pump. We have to take into account, however, that in colder days district 

heating has to deal with higher demand of heat. 

 



 

 

51 

Investigation of ground heat pump working temperatures      

 

Different real temperatures have been checked in the installation, in order to understand the real 

operation mode. Values taken the 21st of May, with an outside temperature of 10,5 ºC are presented in 

table 8, corresponding to different points, some of them shown in figure 40. Temperatures are 

measured electronically by sensors located at the different points and shown on a display on the heat 

pump. 

 

 
Fig. 40. Heat pump cycle scheme 

 

The points measured correspond to: 

 

T1:  radiators supply line 

T3: temperature inside the tank  

T6: refrigerant temperature after going through the compressor 

T8: exit water from the condenser, going to the tank or to the radiators circuit 

T9: entering water to the condenser, from the tank or the radiators circuit  

T10: water-ethanol mixture entering the evaporator 

T11: water-ethanol mixture at evaporator exit, going to the ground 
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T (ºC)  19:50h  19:55h  20:00h  20:05h  20:10h  20:15h  20:20h  20:25h  20:30h 

T1  37,1  31,9  31,4  35,5  31,2  36,6  30,7  36,9  36,6 

T3  51,3  50,4  49,7  47,4  51,8  48,3  48,4  51,9  47,0 

T6  85,0  76,4  57,7  59,6  106,2  83,5  96,6  86,6  82,3 

T8  41,9  33,1  31,6  36,8  56,8  41,2  52,6  41,5  41,1 

T9  31,1  31,5  31,4  31,4  44,8  30,6  46,1  30,6  30,6 

T10  3,3  3,3  3,5  3,9  3,4  3,4  3,4  3,4  3,4 

T11  ‐1,0  2,9  3,3  0,9  ‐0,5  ‐1,0  ‐0,5  ‐1,0  ‐1,0 

 

Table 8. Ground heat pump system operating temperatures 

 

Looking at these temperatures, it is clear that the real operation mode for the ground heat pump is not 

constant but varying all the time. Within only 40 minutes temperature in the tank (T3) is varying from 

47 ºC to 51,8 ºC, because tank water is constantly temperature unloaded and loaded, as hot tap water is 

used in the apartments, being heated by the tank water. For the output temperature of the compressor 

also values within a wide range have been recorded, from a value of 57,7 ºC to a value of 106,2 ºC, 

probably due to the fact that the heat pump works intermittently. 

 

  
Fig. 41. Temperatures T3 (tank), T8 (after condenser) and T9 (before condenser). Values from Table 8. 

 

Looking at the graph in figure 41, representing temperatures in the tank, and supply and return 

temperatures from the tank, one can check, as expected, that supply temperatures are higher than 

return temperatures, both increasing and decreasing in a quite parallel way. When the temperature in 

the tank (T3) decreases, the ground heat pump gives higher temperature to the tank supply line in 

order to increase tank temperature. 
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3.3.2 Different scenarios with varying shares of heat provided from ground heat pump 

and from district heating 

 

Having checked data corresponding to April and May 2012 in the previous section, heat pump 

delivered 62,5% of the thermal demand for this period. However, in winter time, with lower 

temperatures, more energy is needed from the district heating net, and in summer time a higher 

percentage is covered by the ground heat pump. According to the company IVT, the ground heat 

pump supplier, and its report for Norra Kungsgatan's building, the power need estimation for the 

building in the coldest day is 275,5 kW. In this situation, the ground heat pump can deliver 25% of the 

power needed. In this report, for the ground heat pump 6880 hours operating time at full capacity are 

considered for one year, with a thermal power of 70 kW. That corresponds to 481600 kWh delivered 

by the heat pump, equivalent to 57% of the total annual thermal energy demand for the building, 

842000 kWh. 

 

In order to make an economic and an environmental evaluation of different shares of heating provided 

from ground heat pump and from district heating, different scenarios are analysed. The scenarios 

studied corresponds to 50% and 60% delivered energy by the heat pump, compared to only district 

heating covering the total thermal energy demand in a normal year. 

 

 

 Ground heat pump District heating net 

Scenario 1 0% 
100% 

842000 kWh 

Scenario 2 

50% (= 421000 kWh) 

 COP = 3.12  

134935,9 kWh electricity 

50% 

421000 kWh 

Scenario 3 

60% (=505200 kWh) 

COP = 3.12  

161923,1 kWh electricity 

40% 

336800 kWh 

 

Table 9. Different scenarios 

 

It has to be taken into account, however, that despite the scenarios have been defined according to 

percentages of thermal energy coming from each source, in terms of economic savings and 

environmental impact what is important is the total amount of energy produced from each source, 

rather than the percentage. In fact, as the ground heat pump has an upper limit for its capacity to 
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produce thermal energy, any additional needs will have to be supplied by district heating. The results 

obtained for the scenarios 2 and 3 have to be interpreted as due to the amount of energy not purchased 

from the district heating net; so in scenario 3 for example, the difference obtained is due to the 505200 

kWh produced by the ground heat pump and not purchased from district heating, irrespective of the 

percentatge that this represents on the overall yearly consumption (which would vary according to the 

weather conditions of each year). 

 

Of the scenarios presented, the third quite corresponds to the real situation in the building studied and 

the second scenario could correspond to a situation in which the ground heat pump was working at a 

lower capacity factor. 

 

 

3.3.3 Economic evaluation 

 

An economic analysis for combining both ground heat pump and district heating to cover the building 

thermal energy demand is done in this section. At first, the cost for providing all the heat by the 

district heating is calculated, and then compared to the different scenarios. 

 

 
Scenario 1: only district heating 
 
 
Costs associated with providing the total thermal energy demand by district heating are shown in table 

10. In Appendix 4, district heating prices provided by Gavlegårdarna are presented. In this scenario, 

district heating energy demand corresponds to 842000 kWh, which at the price of 0,385 kr/kWh 

(without taxes) counts for 324170 kr/year. For the fees application, different categories are listed 

depending on the E-value (power during the three coldest months). According to the study done by 

IVT for the building when installing the heat pump, the maximum thermal power needed in the 

building, corresponding to the coldest day, is 275 kW. This value corresponds to category 4, 

containing E-value from 101 to 500 kW, with an annual fee associated of 28314 kr and a power fee 

accounting for 566 kr *E-value. 
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Energy purchased from district heating net: 842000 kWh Cost per year 

Obligatory fee per year 28314 kr (category 4) 28314 kr 

Power fee per year 566 kr *275 kW 155650 kr 

Energy price 0,385 kr/kWh 324170 kr 

25% taxes 127033,5 kr 

Total 635167,5 kr  

 

Table 10. Annual costs associated to district heating 

 

The running costs for covering all the thermal demand by only district heating as supplier account for 

635167,5 kr per year. 

 

 
Scenario 2: 50% ground heat pump 50% district heating 

 

When introducing the heat pump to the heating system, a first scenario is presented, considering both 

district heating and ground heat pump delivering the same amount of thermal energy. However, as 

mentioned before, what is important is the total amount of energy produced from each source, rather 

than the percentage. 

 

Ground heat pump costs, associated to consumption 

 

For the ground heat pump, electricity is provided by Gävle Energi, who provided the electricity prices 

given in Appendix 4. Fuse size needed for the ground heat pump is 63A, according to the technical 

data brochure presented in Appendix 2.  

 

Corresponding to this fuse size, annual fee, power costs and network charges are the following, not 

including taxes: 

- Annual fee of 2600 kr/year. 

- Power costs, corresponding to the average of the highest values from the month, accounts to 

61 kr/kW/month for the coldest months, from November to March, and to 27 kr/kW/month 

from April to October.  

- Network charges correspond to 0,074 kr/kWh. 

 

Then, and the most important part, is the cost for electricity consumed. This value accounts for 0,9131 

kr/kWh including taxes, when taking a fixed price for one year, as seen in Appendix 4. 
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In order to get an approximation of the maximum power input of the heat pump, values given in the 

technical brochure (Appendix 2) are used. The maximum operating electric current at 400 V accounts 

for 46,3 A. According to these values, the maximum power needed for the heat pump, when the 

compressor starts, is 32,1 kW, as seen below: 

 

𝑃 = 3 · 400𝑉 · 46,3𝐴  = 32077 𝑊  ≅  32,1 𝑘𝑊                   (8) 

 

 

The amount of electricity purchased from the net has been calculated according to a heat pump 

coeficient of performance of 3,12, value obtained from real values of the installation, and explained in 

chapter 3.3.1. In order to deliver 421000 kWh of thermal energy, 134935,9 kWh of electricity are 

consumed by the ground heat pump. The annual electricity costs are exposed in the table below. 

 

 
Electricity purchased: 134935,9 kWh Electricity costs 

Annual fee 2600 kr/year 2600 kr 

Power costs 61 kr/kW/month * 32,1 kW * 5 months 9790,5 kr 

Power costs 27 kr/kW/month * 32,1 kW * 7 months 6066,9 kr 

Network charges 0,074 kr/kWh * 134935,9 kWh 9985,3 kr 

25% taxes  7110,7 kr 

Electricity price 0,9131 kr/kWh * 134935,9 kWh 123210 kr 

Total 158763,3 kr 

 
Table 11. Annual costs associated to electricity 

 

 

Ground heat pump investment 

 

The investment cost for the new heat pump installation has been provided by Gavlegårdarna and 

equals to 787500 kr, including taxes. This value does not include the drilling, as it was done many 

years ago, and its cost was already amortized. 
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District heating costs, associated to consumption 

 

Costs associated to district heating were previously exposed. In this scenario, district heating energy 

demand corresponds to 421000 kWh. As the heat pump can deliver 70 kW, 205 kW are needed from 

district heating in the coldest day. This value corresponds also to category 4, as it contains E-value 

from 101 kW to 500 kW. Annual costs associated with district heating for this scenario are exposed in 

table 12. 

 

 

Energy purchased to district heating net: 421000 kWh Cost per year 

Obligatory fee per year 28314 kr (category 4) 28314 kr 

Power fee per year 566 kr *205 kW 116030 kr 

Energy price 0,385 kr/kWh 162085 kr 

25% taxes 76607,2 kr 

Total 383036,2 kr  

 

Table 12. Annual costs associated to district heating 

 
 
Combined cost 
 

Running costs associated to this scenario are both, the ones associated to district heating consumption 

and to electricity consumption, presented in next table. 

 
 Annual energy purchased Annual cost 
Electricity 134935,9 kWh 158763,3 kr 
District heating 421000 kWh 383036,2 kr 
Total  541799,5 kr 
 

Table 13. Total cost associated to scenario 2 

 

 

Total annual cost associated to consumption when 50% of the heat is provided by the heat pump and 

50% by the district heating net accounts for 541799,5 kr. 

 

Comparing this value to the cost associated with 100% district heating (635167,5 kr), the annual 

savings account for 93368 kr. 
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With an investment for the heat pump corresponding to 787500 kr, the payback time associated to the 

operation is calculated, and accounts for 8,4 years. 

 

 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘  =  
𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑖𝑛𝑔𝑠
=
787500
93368

=  8,4 𝑦𝑒𝑎𝑟𝑠                  (9) 

 

The net present value, NPV, is also calculated, considering 20 years of operating for the heat pump, 

and an interest rate of 2%. 

 

𝑁𝑃𝑉 =  
93368
1 + 0,02 ! − 787500

!"

!!!

 =  739200,6 𝑘𝑟        (10) 

 

After 20 years of operation, the savings would account for 739200 kr. 

 

 
 
Scenario 3: 60% ground heat pump - 40% district heating 

 

According to the data presented at the beginning of this chapter, this scenario would be quite similar to 

the real situation of the building studied for a year with usual weather conditions. When supplying 

60% from the ground heat pump, that means that 505200 kWh are obtained from the heat pump, while 

336800 kWh are given by the district heating net. Considering a COP of 3,12, purchased electricity for 

the ground heat pump has to be 161923,1 kWh.  

 

Using the same procedure used for scenario 2, the running cost would be: 

 
Electricity purchased: 161923,1 kWh Electricity costs 

Annual fee 2600 kr/year 2600 kr 

Power costs 61 kr/kW/month * 32,1 kW * 5 months 9790,5 kr 

Power costs 27 kr/kW/month * 32,1 kW * 7 months 6066,9 kr 

Network charges 0,074 kr/kWh * 161923,1 kWh 11982,3 kr 

25% taxes  7609,9 kr 

Electricity price 0,9131 kr/kWh * 161923,1 kWh 147852 kr 

Total 185901,6 kr 

 
Table 14. Annual costs associated to electricity 
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Energy purchased to district heating net: 336800 kWh Cost per year 

Obligatory fee per year 28314 kr (category 4) 28314 kr 

Power fee per year 566 kr *205 kW 116030 kr 

Energy price 0,385 kr/kWh 129668 kr 

25% taxes 68503 kr 

Total 342515 kr  

 

Table 15. Annual costs associated to district heating 

 

 

Overall annual costs when 60% of the heat is provided by the heat pump and 40% by the district 

heating net are listed above. Total annual cost related to consumption accounts for 528416 kr. 

 

 
 Annual energy purchased Annual cost 
Electricity 161923,1 kWh 185901,6 kr 
District heating 336800 kWh 342515 kr 
Total  528416,6 kr 

 

Table 16. Total cost associated to scenario 3 

 

Annual savings with respect to obtaining all thermal energy from district heating account for 106750,9 

kr, corresponding to a 16,8% reduction of the annual cost. In this scenario, the payback time 

associated to operation would be 7,4 years.  

 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘  =  
𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑖𝑛𝑔𝑠
=

787500
106750,9

=  7,4 𝑦𝑒𝑎𝑟𝑠                  (11) 

 

 

Net present value, considering 20 years of operating and an interest rate of 2%, shows that savings 

after 20 years would account for 958030 kr. 

 

 

𝑁𝑃𝑉 =  
106750,9
1 + 0,02 ! − 787500

!"

!!!

 =  958030,2        (12) 
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Economic summary: 
 

 

In table 17, a summary of the economic analysis is presented. The more the ground heat pump is 

working, higher are the annual savings, and shorter is the payback period. 

 
 

 Scenario 1 

Only district heating 

Scenario 2 

50% district heating/ 
50% ground heat pump 

Scenario 3 

40% district heating/ 
60% ground heat pump 

Cost associated to 
electricity for the 
ground heat pump 

- 158763,3 kr 185901,6 kr 

Cost associated to 
district heating 635167,5 kr 383036,2 kr 342515 kr 

Total 635167,5 kr 541799,5 kr 528416,6 kr 

Annual savings 
compared to 

scenario 1 
- 93368 kr 106750,9 kr 

Investment - 787500 kr 787500 kr 

Payback - 8,4 years 7,4 years 

 
Table 17. Economic analysis summary 

 
 
 

3.3.4 Environmental analysis 

 

For the environmental part, CO2 emissions associated to the two different sources of heating studied 

have been calculated. CO2 emissions associated to electricity production in Sweden (used by the 

ground heat pump) have been taken from Svensk Energi, and CO2 emissions associated to district 

heating in Gävle are according to Gävle Energi values. 

 

For the electricity production, Svensk Energi states that for a normal year, swedish electricity 

emissions account for 20 g CO2/kWh [40]. This value is very low, compared to other countries. For 

example the emissions associated with electricity in Spain for 2011 were 267 g CO2/kWh [41], as a 

big percentage is produced by fossil fuels. These values, however, may vary according to the specific 

climate conditions of each year, which allow a higher or lower share of energy produced by non-
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contaminating sources. In Sweden, for a year with non-favourable climate conditions (low rate of 

wind, few precipitations and low temperatures), this value can be doubled, reaching 40 g CO2/kWh. 

[40]. 

 

Emissions associated to district heating in Gävle according to Gävle Energi for the last years are listed 

in the table below: 

 

Year g CO2/kWh 

2003 17,1 

2004 14,2 

2005 12,7 

2006 12,9 

2007 18,7 

2008 7,0 

2009 13,7 

2010 21,7 

 

Table 18. Gävle Energi values for CO2 emissions associated to district heating [16] 

 

The average CO2 emissions associated to district heating for the last 8 years have been 14,75 g 

CO2/kWh. For 2010 a high value was obtained as it was a cold year (112320 degreehours while for a 

normal year we get 99144 degreehours in Gävle).  

 

It has to be taken into account that while producing district heating in a cogeneration plant, also 

electricity is produced, so part of the CO2 produced may be imputed to this electricity production. On 

the other hand, for the same number of kWh of heat used in the building, the kWh consumed are 3,12 

times lower for the ground heat pump compared with the district heating due to the heat pump 

coefficient of performance, so the CO2 emissions associated are higher when the heat is produced by 

district heating. For a year under normal weather conditions, for 1 kWh of heat from the ground heat 

pump used in the building, 6,4 g CO2 are associated to its electricity consumption, while for 1 kWh of 

heat from district heating, 14,75 g CO2 are associated to its production. 

 
Using the same scenarios than for the economic analysis, we may compare the overall CO2 emissions 

according to different shares of district heating and ground heat pump. As shown in the following 

table, CO2  emissions decrease as the share of heat produced by the ground heat pump increases. For a 

climate standard year, a 34% reduction in the CO2 emissions attributable to the heat production for the 

building studied may be reached if a 60% of it is produced by the ground heat pump installed. 
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 CO2 emissions 

from electricity 

CO2 emissions from 

district heating 

Annual CO2 

emissions 

Scenario 1 

(only district heating) 
_ 

14,75 g/kWh* 

842000 kWh 

= 12419500 g CO2 

12,4 t CO2 

Scenario 2 

(50% district heating/ 

50% ground heat pump) 

20 g/kWh * 

134504,8 kWh 

= 2690096 g CO2 

14,75 g/kWh * 

421000 kWh 

= 6209750 g CO2 

8,9 t CO2 

Scenario 3 

(40% district heating/ 

60% ground heat pump) 

20 g/kWh * 

161923,1 kWh 

= 3238462 g CO2 

14,75 g/kWh * 

336800 kWh 

= 4967800 g CO2 

8,2 t CO2 

 

Table 19. Emissions associated to the different scenarios for a normal year 

 

 
Even for a year with non favourable weather conditions, in which electricity production generates 

more CO2 emissions, there is still a reduction in the amount of CO2 released to the atmosphere when 

increasing the share of thermal energy produced by the ground heat pump, as shown in the next table, 

were a maximum emission of CO2 has been considered for both sources of heating: 

 

 
CO2 emissions from 

electricity 

CO2 emissions from 

district heating 

Annual CO2 

emissions 

Scenario 1 

(only district heating) 
_ 

21,7 g/kWh* 

842000 kWh 

= 18271400 g CO2 

18,3 t CO2 

Scenario 2 

(50% district heating/ 

50% ground heat pump) 

40 g/kWh * 

134504,8 kWh 

= 5380192 g CO2 

21,7 g/kWh * 

421000 kWh 

= 9135700 g CO2 

14,5 t CO2 

Scenario 3 

(40% district heating/ 

60% ground heat pump) 

40 g/kWh * 

161923,1 kWh 

= 6476924 g CO2 

21,7 g/kWh * 

336800 kWh 

= 7308560 g CO2 

13,8 t CO2 

 

Table 20. Emissions associated to the different scenarios considering maximum emissions for both  

electricity and district heating. 
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With the results obtained one can observe that as more the ground heat pump is operating, less CO2 

emissions are associated on covering the thermal demand for the building, accounting to a reduction of 

34% for a normal year when the ground heat pump covers 60% of the thermal energy demand of the 

building. 

 

While a reduction in CO2 emissions may be obtained using a ground heat pump to produce part of the 

heat for the building, other environmental aspects have to be taken into account in favour of district 

heating, an important one being that it uses waste heat that otherwise would be rejected to the 

environment. Another aspect to take into account is that the value of CO2 emissions associated to the 

electricity production considered is the annual value, but when the electricity demand is very high 

because of extreme cold conditions, electricity production needs to cover these peaks, and sometimes 

needs to import electricity from countries like Poland and Germany, where electricity production still 

has a high proportion of fossil fuels. This imported electricity could be reduced by increasing the 

district heating capacity, so decreasing the use of electricity for heating purposes. In addition, as 

mentioned before, if district heating is produced in a cogeneration plant, electricity is also produced. 

 

Finally, the calculations presented here correspond to the present fuel mix used for the productions of 

both electricity and district heating, which may change in the future. In fact, Gävle Energi is aming not 

to use any oil for district heating production by 2016. A parallel process will probably be followed for 

electricity production, as Nordic Countries are aiming to become nearly carbon-neutral by 2020 and 

carbon-neutral by 2030, with only marginal emissions of carbon dioxide [26]. 
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4 Discussion 

According to the results presented it seems quite obvious that from the economic point of view for the 

owner of the building studied the investment on a new ground heat pump (in a building where the 

boreholes where already drilled and ground tubing was already installed) is worthwhile, paying off in 

a reasonable term. Before extrapolating the conclusions to another building, however, the extra cost 

for drilling and ground tubing has to be taken into account. In addition, the combined heating system 

adopted seems to be environmentally friendly, with less CO2 emissions associated than using district 

heating alone. 

 

However, if we look at the wider picture of electricity and heat production from a community (local, 

regional, national or even international) point of view, several considerations have to be taken into 

account. 

 

The ground heat pump uses electricity to produce heat, what does not seem to be the best way to take 

profit of electricity, which is a high quality form of energy, with an exergy value about three times 

better than heat. The efficiency of a heat pump however is much better than other forms to transform 

electric into thermal energy, namely direct electrical heating. In addition, ground heat pump profits 

from the heat stored inside the earth, overall giving a COP of 3.12, meaning that from each kWh of 

electricity consumed, 3,12 kWh of heat are produced. 

 

Part of the heat delivered through the district heating net comes from waste heat, without associated 

emissions. In addition, if not used, waste heat would be released to the environment contributing to 

global warming, as Zevenhoven and Beyene state in their report [42]. So using waste heat has a double 

benefit, reducing the need of energy production and its corresponding emissions, and also a direct 

benefit for the environment. 

 

Cogeneration plants are also an important source of energy for district heating, generating both heat 

and electricity. In these plants, the emissions generated may not be only attributed to district heating, 

but also to the generation of electricity. In addition, if this cogeneration plants are biofuel based, as is 

mainly the case in Gävle, the environmental friendliness is granted. O. Eriksson et al. [43] indicate that 

the support of combined production of district heat and electricity from biofuels is an environmentally 

robust strategy for Sweden, concluding that biofuels are an environmentally valuable asset in the 

Swedish district heating sector. 
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The only emissions associated with district heating are linked to the use of oil, which in Sweden is 

mostly used only when there are technical problems in one of the plants or an increase of demand has 

to be covered. In fact, one of the major difficulties for the heat market is the big seasonality of the 

demand (going from a minimum of less than 200 MW during the summer for a city as Göteborg, to a 

maximum over 1000 MW in the coldest days, with an important part of the winter with power demand 

above 600 MW). 

 

The heat demand curve during the year for Göteborg is seen in figure below, being the form of the 

curve quite similar all over Sweden. If we use heat pump for a base load, that implies that district 

heating has to deal with the peak demand but in summer, when the heat demand is only for tap water, 

if the heat pump covers the demand, the waste heat from industries has to be thrown away, not taking 

profit to this energy while costs and emissions are associated to electricity production.  

 
Fig. 42. Heat demand for a normal year in Göteborg [44] 

 

 

From the environmental and the community point of view it should be avoided to discard any waste 

heat that could be recovered. In this sense it would be worth studying the possibility to give incentives 

to the use of district heating when there is a surplus of it. This would be beneficial for the users 

(having lower prices for the heat, that should be cheaper than the cost of maintaining the ground heat 

pump into operation), for the district heating company, that would have some revenues from a heat 

otherwise discarded, and for the environment as release of heat to the atmosphere would be avoided 

and the electricity for the heat pump saved. On the other hand, when there is a great demand of heat, 

everybody would benefit from having extra sources of heat, and ground heat pumps are a quite good 

option in this sense, given their good efficiency and friendliness with environment, as show with the 

data presented. 

 



 

 

66 

When using district heating for heating purposes, Sweden's environmentally friendly electricity can be 

used for purposes where high quality energy is needed. When producing district heating in a 

cogeneration plant, electricity is also obtained. Both of these factors should allow to stop depending on 

electricity imports in the coldest days, sometimes from countries like Germany or Poland, where a lot 

of coal is used in electricity production. Moreover, this electricity could be sold to these countries, 

contributing to the worldwide need to reduce greenhouse gas emissions as stated in the Copenhagen 

Accord [45]. 

 

The objective of this report was to evaluate heating sources, but it can not be forgotten that as 

important as having efficient heating systems is to reduce the thermal demand by means of 

constructive passive elements. Well-isolated buildings will contribute to an important reduction on 

energy needs for heating. 

 

Some limitations have to be mentioned to the presented analysis. First of all, for the economic analysis 

constant energy prices have been considered for both electricity and for district heating and we do not 

know how prices will evolve in the coming years, nor if both will follow the same trend or not (either 

because of technological improvements or due to political decisions to incentivate one or another 

source of energy). 

 

In this report, nuclear power has been considered as climate neutral. However, nuclear power involves 

a big environmental problem because of nuclear waste. Moreover, security problems with nuclear 

power plants, highlighted by the recent Fukushima accident, have put into question the future of these 

plants and many countries have decided not just to stop the construction of new nuclear power plants, 

but also to reduce those already in operation and eventually to become nuclear free countries in the 

future. This will imply important changes in the electricity fuel mix and in consequence may change 

the environmental impact of energy production. 

 

For the environmental analysis, only CO2 emissions have been considered, as it is the most important 

greenhouse gas (GHG). However, greenhouse gases are six, as listed in the Kyoto Protocol: carbon 

dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydroflurocarbons (HFCs), perfluorocarbons 

(PFCs), and sulphur hexafluoride (SF6) [46]. 

 

Two additional limitations have to be taken into account when interpreting the data presented. One is 

that net losses have not been considered, but both district heating and electricity have losses associated 

to their distribution, probably not implying major changes in the results. Another aspect not taken into 

account in the economic analysis is the cost associated with maintenance and possible repairs. 
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5 Conclusions 

In the specific case of the building studied, costs associated to energy consumption decrease when the 

ground heat pump comes into operation. Under normal climate conditions, the investment on the new 

heat pump installed would be recovered within 7,4 years. It has to be taken into account, however, that 

drilling and tubing had been done previously, so no cost for this has to be amortized. 

 

Environment, in terms of CO2 emissions, also benefits from using a ground heat pump to cover part of 

the demand of heat of the building, as overall it implies a lower level of CO2 emissions.  

 

Environmental impact mostly depends on the fuel mix used for electricity production (needed for the 

ground heat pump operation) and the sources used for district heating production. Any change in the 

mix used may have an important impact on emissions. In this sense the impact of any possible 

reduction of the nuclear power share opens different possible future scenarios depending on the energy 

sources used to cover the power no longer produced by nuclear power. 

 

It is quite common sense, from the environmental point of view and for the overall efficiency of the 

system, that waste heat has to be used as much as possible for heating purposes and that electricity, a 

higher quality form of energy, has to be reserved for more sophisticated purposes. However, within the 

heating system using electricity, ground heat pump has a high efficiency. 

 

Combining both district heating and ground heat pump is a good option for a building with high 

thermal energy demand. By means of district heating, residual heat is exploited, energy that otherwise 

would be rejected to the environment. By the ground heat pump, free and renewable energy from the 

ground is utilized, and the electricity consumed is converted to 3,12 times heat for the building, being 

an efficient system. Ground heat pumps and district heating have to be considered as complementary 

rather than competing sources of thermal energy. 
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Appendix 1. Energy declaration for Norra Kungsgatan 37-43 

 

  

  

Byggnadens ägare - Kontaktuppgifter 

  

  

Byggnadens ägare - Övriga 

  

  

Byggnaden - Identifikation 

  

 
 Energideklaration

Version 1.4  

Ägarens namn

 AB Gavlegårdarna

Personnummer/Organisationsnummer

 556487-5937

Utländsk adress

 gfedc

Adress

 Box 456

Postnummer

 801 06

Postort

 GÄVLE

Land

 

Telefonnummer

 026-17 27 00

Mobiltelefonnummer

 

E-postadress

 

  

Ägarens namn Personnummer/Organisationsnummer 

Län

Gävleborg
Kommun

Gävle
Fastighetsbeteckning 

 Norrtull 18:10

Egen beteckning

 3036-001

Egna hem 

 gfedc

  

Husnummer

 1

Prefix byggnadsid 

 1

Byggnadsid 

 294148

Byggnadsid finns ej (experten har kontrollerat) 

 gfedc

Adress Postnummer Postort Huvudadress 

 Hälsingegatan 8  80325  Gävle  nmlkj

Adress Postnummer Postort Huvudadress 

 Norra Kungsgatan 37  80323  Gävle  nmlkji

Adress Postnummer Postort Huvudadress 

 Norra Kungsgatan 39  80323  Gävle  nmlkj

Adress Postnummer Postort Huvudadress 

 Norra Kungsgatan 41  80323  Gävle  nmlkj

Adress Postnummer Postort Huvudadress 

 Norra Kungsgatan 43  80323  Gävle  nmlkj
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Byggnaden - Egenskaper 

  

Typkod

321a - Hyreshusenhet, bostäder >= 50% och lokaler
Byggnadskategori

 Flerbostadshus

Byggnadens komplexitet 

 Enkel        Komplex nmlkji nmlkj

Byggnadstyp 

Gavel
Nybyggnadsår 

 1946

Atemp (exkl. Avarmgarage) 

 Mätt värde             m2 

 Omvandlat från BOA/LOA 

 Omvandling för kontorsbyggnad (>=75%) 

 Omvandlat från BRA 

 Omvandlat från BTA 

nmlkj 5 106

nmlkji

nmlkj

nmlkj

nmlkj

Verksamhet 
Fördela enligt nedan: 

  

Procent av 
Atemp (exkl. 
Avarmgarage) 

Bostäder (inkl. biarea, t.ex. trapphus och uppvärmd källare)  94

Hotell, pensionat och elevhem  0

Restaurang  6

Kontor och förvaltning  0

Butiks- och lagerlokaler för livsmedelshandel  0

Butiks- och lagerlokaler för övrig handel  0

Köpcentrum  0

Vård, dygnet runt  0

Vård, dagtid (samt serviceboende, frisersalong o. dyl)  0

Skolor (förskola-universitet)  0

Bad-, sport-, idrottsanläggningar (ej utomhusarenor)  0

Teater-, konsert-, biograflokaler och övriga samlingslokaler  0

Övrig verksamhet - ange vad   0

BOA 

 m2 3 860

LOA 

 m2 225

BRA 

 m2 

BTA 

 m2 

Antal källarplan uppvärmda till >10°C 
(exkl.garageplan) 

1

Avarmgarage 

 m2 0

Antal våningsplan ovan mark

 5

Antal trapphus

 4

Antal bostadslägenheter

 68

Projekterat genomsnittligt ventilationsflöde i 
lokaler och specialbyggnader 

 l/s,m2 Summa  100
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Energianvändning 

  

  
1 Energi för uppvärmning och varmvatten 
2 El totalt 
3 Värme, kyla och fastighetsel 
4 El exklusive hushållsel och verksamhetsel 
5 Underlag för energiprestanda 

  

Vilken 12-månadsperiod avser energiuppgifterna? (ange första månaden i formatet ÅÅMM) 

 0701 - 
 0712   

Hur mycket energi har använts för värme och kyla angivet år (ange 
mätt värde om möjligt)? 
Angivna värden skall inte vara normalårskorrigerade 

Omvandlingsfaktorer för bränslen i tabellen nedan gäller om inte 
annat uppmätts: 

Eldningsolja 10 000 kWh/m3 

      Mätt 
värde 

Fördelat 
värde Naturgas 11 000 kWh/1 000 m3 (effektivt värmevärde) 

Stadsgas 4 600 kWh/1 000 m3 

Fjärrvärme (1)  552 900 kWh  nmlkji  nmlkj Pellets 4 500-5 000 kWh/ton, beroende av träslag och 
fukthalt 

Eldningsolja (2)  kWh  nmlkj  nmlkj

Naturgas, stadsgas (3)  kWh  nmlkj  nmlkj Källa: Energimyndigheten 
För övriga biobränsle varierar värmevärdet beroende av  
sammansättning och fukthalt. Det är expertens ansvar att omräkna 
bränslets vikt eller volym till energi på ett korrekt sätt.  

Ved (4)  kWh  nmlkj  nmlkj

Flis/pellets/briketter (5)  kWh  nmlkj  nmlkj

Övrigt biobränsle (6)  kWh  nmlkj  nmlkj

El (vattenburen) (7)  kWh  nmlkj  nmlkj

El (direktverkande) (8)  kWh  nmlkj  nmlkj Övrig el (ange mätt värde om möjligt) 
Angivna värden skall inte vara normalårskorrigerade 

El (luftburen) (9)  kWh  nmlkj  nmlkj       Mätt 
värde 

Fördelat 
värde 

Markvärmepump (el) (10)  81 500 kWh  nmlkj  nmlkji Fastighetsel (15)  40 000 kWh  nmlkj  nmlkji

Värmepump-frånluft (el) 
(11)  kWh  nmlkj  nmlkj Hushållsel (16)  kWh  nmlkj  nmlkj

Värmepump-luft/luft (el) 
(12)  kWh  nmlkj  nmlkj Verksamhetsel (17)  kWh  nmlkj  nmlkj

Värmepump-luft/ 
vatten (el) (13)  kWh  nmlkj  nmlkj Komfortkyla (18)  kWh  nmlkj  nmlkj

Summa 1-13 1 (!1) 
 634 400 kWh     Summa 7-13,15-18 2 (!2)  121 500 kWh 

  

Varav energi till 
varmvattenberedning  138 225 kWh  nmlkj  nmlkji Summa 1-15,18 3 (!3) 

 674 400 kWh   

Fjärrkyla (14)  kWh  nmlkj  nmlkj Summa 7-13,15,18 4 (!4)  121 500 kWh   

Finns solvärme?    Ja    Nej 

Om ja, ange total solfångararea     m2 

nmlkj nmlkji       

Ort (graddagar) Normalårskorrigerat värde 
(graddagar) 

Ort (Energi-Index) Normalårskorrigerat värde 

(Energi-Index) 5 

Gävle A  kWh 728 775 Gävle  kWh 717 038

Energiprestanda …varav el Referensvärde 1 
(enligt nybyggnadskrav) 

Referensvärde 2 
(statistiskt intervall) 

 kWh/m2,år
 140  kWh/m2,år

 25  kWh/m2,år
 129  117 -  kWh/m2,år

 143
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Uppgifter om ventilationskontroll 

6 Avser när byggnaden har fler ventilationsaggregat 

  

  

Uppgifter om luftkonditioneringssystem 

  

  

Uppgifter om radon 

  

  

Utförda energieffektiviseringsåtgärder 
  

  

Rekommendationer om kostnadseffektiva åtgärder 

Finns det krav på ventilationskontroll i byggnaden?       Ja     Nej nmlkji nmlkj
Typ av ventilationssystem 

 FTX gfedc  FT gfedcb  F med återvinning gfedc

   F gfedcb  Självdrag gfedc   

Är ventilationskontrollen godkänd vid tidpunkten för 
energideklarationen?    Ja     Nej     Delvis 6   % godkänd

 nmlkji nmlkj nmlkj

Finns luftkonditioneringssystem med nominell kyleffekt större än 12kW?       Ja     Nej nmlkj nmlkji
Nominell kyleffekt enligt standard 
SS-EN 14 511-2:2007 

Byggnadens nuvarande kyleffektbehov Area som är luftkonditionerad 

 kW  kW  m2 

Är radonhalten mätt?       Ja     Nej nmlkj nmlkji
Radonhalt Typ av mätning Datum för radonmätning  

 Bq/m3  
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Övrigt 

  
  
Kontrollorgan och tekniskt ansvarig 

  
  
Expert 

Har byggnaden 

deklarerats tidigare? 

Har experten 

besiktigat byggnaden? 

Detaljinformation går att 

finna hos 
  

 Ja     Nej nmlkj nmlkji  Ja     Nej nmlkj nmlkji Byggnadsägare  

Ackrediterat företag 

 Greencon energi & miljö AB

Organisationsnummer

 556631-4554

Ackrediteringsnummer

 7034:01

Förnamn

 Magnus

Efternamn

 Hedin

E-postadress

 magnus.hedin@greencon.se

Förnamn

 David

Efternamn

 Hedman

Datum för godkännande 

 2008-12-11

E-postadress

 david.hedman@greencon.se
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Appendix 2. Technical data IVT Greenline F70 

 
Sid 20      Art nr: 10711 Utg: 1.0       06-01-05

Tekniska data Greenline F

Modell F55 F70

Avgiven värmeeffekt 0/35°C 1) kW 54,8 67,8

Tillförd elförbrukning 0/35°C 1) kW 13,5 16,7

Avgiven värmeeffekt 0/50°C 1) kW 55,6 69,8

Tillförd elförbrukning 0/50°C 1) kW 17,7 22,3

Värmebärarflöde nominellt l/s 1,40 1,73

Max ext.tryckfall värmebärare kPa 30 30

Köldbärarflöde nominellt l/s 3,16 3,95

Max ext. tryckfall köldbärare kPa 70 90

Vattenflöde hetgasväxlare 2) l/s 0,39 0,49

Max ext. tryckfall hetvatten kPa 35 30

Max tryck värmebärarsystem 3) bar 4.0

Max tryck köldbärarsystem bar 4.0

Driftstemperatur köldbärarsystem ºC min -7°C ut/max +20°C in

Säkringsstorlek 4) A 50 63

Elektrisk inkoppling 400V, N3-fas

Max driftström vid 400V A 36,5 46,3

Köldmedie R407C Kg 9,2 9,8

Anslutning värmebärare DN 42

Anslutning köldbärare DN 54

Anslutning hetgasväxlare 2) DN 25

Kompressor Scroll

Max utgående värmebärare 5) 60°C

Vikt Kg 490 510

Mått (B x D x H) mm 950x750x1520

1) Effektuppgifterna är angivna enligt Europastandard EN255 (exlusive cirkulationspumpar).
2) Hetgasväxlare är tillbehör.
3) Max arbetstryck på värmebärarsystemet bestäms oftast av varmvattenberedarens maximala 

arbetstryck. Normalt 1,5 - 3,0 bar.
4) Smältsäkring typ gL-gG eller dvärgbrytare med karakteristik D.
5)  Beror på köldbärartemperatur.

Reglerutrustning: REGO 5002. 
Inbyggda cirkulationspumpar för värme, kyla och underkylare.

IVT förbehåller sig rätten till konstruktionsförändringar.
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Input and output power for IVT Greenline D-F 70. 
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Appendix 3. IVT report for Norra Kungsgatan 37-43 

 

VPW2100 ID 2011-07-08 11:01:29

 

 
 

Energianvändning 

Varmvatten 

Typ av värmepump 

Värmekälla 

Värmesystemet 

Vald placering 
   Gävle kommun - Gävle

Väderdata levererat av METEONORM 

 Nybyggnation eller Toppeffektberäkning

 Befintligt hus eller Befintlig förbrukning  

Detta hus skall uppfylla kraven i BBR16 

!"#$%

!"#$%&

Hus: 

 
Hustyp:  

 
 

Välj

Välj

Byggnadsår:  

 

Uppvärmd yta:  

 m  

Total elförbrukning  kWh á  kr/kWh   varav hushållsel  kWh. 

 Använd El som tillskott 

842000 1 0

!"#$%&

Övrig energiförbrukning Pris Verkningsgrad Tillskottsenergi

 m3 oljeförbrukning per år  kr/m3  %  Olja !"#$%

 m3 vedförbrukning per år  kr/m3  %  Ved !"#$%

 m3 naturgasförbrukning per år  kr/m3  %  Gas !"#$%

 kWh annan förbrukning per år  kr/kWh  %  Övrigt !"#$%

Antal hushåll   st med nuvarande rumstemperatur   68 20 ° C

Antal pers/hushåll   med   Dusch  Badkar  Bubbelbad  ger VV-behov   kWh 3 !"#$%& !"#$% !"#$% 116700

 IVT Greenline !"#$%&  IVT Twin !"#$%  IVT Air !"#$%  IVT Frånluft !"#$%  IVT PremiumLine !"#$%

 Manuellt val    st 1 IVT Greenline F70

 Standard VBX  !"#$%  utan VBX-funktion  !"#$%&  med FTX  

Markförhållande (Tips: Länk SGU) 

 

Sjövärme   

Normalt berg/normal jord

Slangtyp och brinevätska 

PEM 40/Etanol

 Geoenergi !"#$%&  Frånluft !"#$%  Grundvatten  °C !"#$% AUTO

Framledning   °C vid utetemp   °C 55 DUT

Önskad effekttäckning 70 % 

Husets egenuppvärmning 3 °C

Ändring av beräknad brine 0 °C
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Beräkningsresultat ID 2011-07-08 11:01:29

 

 

 
Husets data 

Värmekälla 

Kalkylen är framräknad med bästa möjliga underlag, men är inte en utfästelse av att resultatet exakt infrias. 
Notera att uppgiften om gratisenergi och besparing inte gäller om kunden redan har en värmepump installerad. 
 

  

!"#$"%&'"()**+,-+*"./0

Version: 2011-03-28 07:48:31

Ber/angiven effekt 275.7 kW 

Ber/angiven energi 842000 kWh 

Medeltemp för orten 3,6 °C 

DUT -22.9 °C 

Max tillskottseffekt 207.4 kW 

Drivenergi VP 151510 kWh 

Tillskott VP 379930 kWh 

Gratisenergi VP 310560 kWh 

Drifttid 6880 h/år 

Effekttäckning 25 % 

Energitäckning 55 % 

Totalt aktivt borrhål 1693 m 

Minsta antal borrhål 8 st 

Tillgängligt tryckfall  

för transportledning m.m 
40 kPa 

Brinetemperatur medel -1.3 °C 

Total slanglängd (ytjord/sjövärme) 8070 m 

Minsta antal slingor 9 st 

Tillgängligt tryckfall  

för transportledning m.m 
15 kPa 

Kompaktkollektorer 0 st 

Min. volym värmesystem 680 liter 

Energiförbrukning netto = 63% i förhållande till före konvertering enligt Boverkets definition.

 

Energianvändning [kWh/månad]  
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Diagrammet visar månadsvis fördelning av energianvändningen under ett normalt år. 
OBS! Variationer i energibehov förekommer år från år. 
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Appendix 4. Prices for district heating and electricity 

 

District heating prices 
 

 

 
Table 1. District heating yearly fees for companies, Gävle Energi. [provided by Gavlegårdarna] 
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Electricity prices 
 

 

 
Table 2. Gävle Energi electricity fees for companies (63A) [www.gavleenergi.se] 

 
 
 
 

 
 

Table 3. Gävle Energi electricity price for Gävle area [www.gavleenergi.se] 


