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ABSTRACT 

 

Electricity and district heating are the most important energy carriers for the residential 

and service sector in Sweden. Today, district heating supplies about half of the total 

heating requirement of residential and commercial premises in Sweden. The aim of this 

paper is the analysis of the heating system of a school, placed in Gävle, Sweden. The 

heat is delivered to the school by a district heating network.  

 

First of all, the Heat Balance must be done, with the purpose of obtain the best knowledge 

of the present situation in the school. The calculations about the transmission and 

ventilation losses and the internal heating generated have been showed. After this, the 

point of view has been focused on the district heating system itself. It is means, the 

distribution pipe system inside the school. The efficiency and accuracy of the net will be 

analysed and discussed.  

 

Three possible ways to improve the net will be showed. The first of all is the most simple: 

just take the pipe system and try to reduce the waste heat, the heat losses; the second 

choice is to make a new connection to the district heating network, joining all the buildings 

with one connection for each building –five more- instead of only the connection that 

exists at the moment when this paper was written; the third option seems as a different 

model of the second, it is means to divide all the school in two bigger parts and make 

another connection to the district heating network with the purpose of dividing the heating 

system in two equal parts.  

 

Thanks to the heat balance done in the school and in the district heating system, it is 

possible to know the waste of heat. Mainly, these losses are found in the district heating 

net. The amount of waste is around 17%, a really high amount of energy wasted, which 

must be reduced. According to the data of the company Gävle Energy, the waste in old 

buildings like the school which is under study in this paper, usually is between 15% and 

20% of the supplied energy. So, this showed the accuracy of the method used to make 

this paper.  

 

According to the possibilities of improvement, it will depend on the ultimate decision of the 

Gävle Fastigheter, company which owns the school, to choose the way that could be 



better for their own interest. However, in this paper the prices and possible pay-back times 

are showed, in order to provide better information.  

 

Although the best solution has a total cost of 1750000 Swedish crowns (186289 €) and a 

pay-back time of 21 years –talking about making five new connections-, another cheaper 

possibility is also commented: improving the isolation of the pipe system, with a cost of 

549000 SEK (58441 €) and a pay-back time near 7 years. 
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1. INTRODUCTION 

 

At the latter half of the 1940s, the district heating showed up as a better way of increasing 

electricity production in Sweden, using combined CHP, which means heat and power 

production. A CHP power station is capable of producing both electricity and heat for hot 

water. Its use spread over the 1950s and 1960s, due to investments and a need of 

modernisation of boilers in the stock. As it was a very flexible fuel use, it was replacing oil 

during the period between 1975 and 1985, so it was in a great expansion.  

 

Now, when the CHP plants are mainly biofuel-fired, the district heating is revived again, 

due to new factors as carbon dioxide taxation or the electricity trading certificate scheme. 

Therefore, the district heating has been favoured by Energy policy in Sweden through 

various forms of state support. For example, grants for the extension of existing district 

heating systems and the connection of group heating systems and even individual 

buildings to existing systems were applied. In 2006, a special grant was introduced: with 

the purpose of reducing the use of electricity and oil for heating, and also for conversion to 

district heating. Replacing a multitude of small individual boilers by district heating has 

reduced emissions from heating of residential buildings and commercial premises. The 

urban environment has been improved as a result of the expansion of district heating and 

improved flue gas treatment, which have greatly reduced emissions of SO2, particulates, 

soot and NOx. Reduced use of oil has resulted in a reduction in emissions of over 5.5 

million tonnes since 1990. However, the emissions from district heating production have 

not increased. 

 

The final purpose will be to improve the efficient and environmentally benign use of 

energy. 

 

1.1 ENERGY USE 

 

District heating is the most common form of heating in apartment buildings, with about 

77% of apartments being heated by it in 2005. Oil is used as the sole heat source for 2% 

of apartments, while 3% are heated by electricity alone. Other areas are heated by 



 2 

combinations of various heating systems, or by gas or biofuels. Total use amounted to 

23.1 TWh of district heating, 1.7 TWh of electric heating, 1.3 TWh of oil, 0.4 TWh of gas 

and 0.3 TWh biofuels.  

 

Heating in apartment buildings (2005)

District Heating
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Electricity

3%

Gas and 

biofuels
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Picture 1: Main Sources of Heat in Apartment Buildings 
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Picture 2: Total Use Amounted in Apartment Buildings 
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The main source of heat in offices, commercial premises and public buildings is also 

district heating, with about 59% of such buildings in 2005 being supplied solely with district 

heating. About 7% of this floor area was heated by electricity alone and about 4% by oil 

alone. A further 3% was heated by a combination of electricity and oil. Other heating 

systems included combinations of various energy carriers, or gas or biofuels alone. Total 

use amounted to 15.5 TWh of district heating, 3.6 TWh of electric heating, 1.9 TWh of oil, 

0.6 TWh of gas and 0.4 TWh of biofuels. 

 

Heating in offices, commercial premises and public 

buildings (2005)
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Picture 3: Main Sources of Heat in Offices, Commercial Promises and Public Buildings 
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Picture 4: Total Use Amounted in Offices, Commercial Premises and Public Buildings 
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1.2 ABOUT THE DISTRICT HEATING MARKET IN SWEDEN 

 

It is possible to check two relevant data about the district heating market in Sweden. One 

is the penetration of the district heating in the market itself, as shown in the following 

picture: 

 

Picture 5: Market Penetration of District Heating in Sweden (2003) 

 

Another useful data could be the different uses of district heating in Sweden: 

 

Different Use of DH in Sweden [TWh]
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Picture 6: Uses of District Heating in Sweden (2003) 
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1.3 ABOUT COST AND MARKET OF DISTRICT HEATING 

 

As district heating requires an expensive infrastructure, it is, in fact, a monopoly as far as 

distribution is concerned. This, in combination with the high cost of replacing heating 

systems in a building with effectively locks in customers to district heating suppliers, 

means that customers can be dependent on their district heating suppliers. 

 

Today, there are about 220 heat-producing companies in Sweden, although several have 

the same main owners. Since deregulation of the electricity market, there has been a 

concentration of ownership in the sector as the largest energy companies have bought up 

local authority energy companies, including their district heating activities. The purpose is 

to increase market transparency and to reduce cross-subsidy of services. 

 

1.4 HOW DOES THE DISTRICT HEATING NET WORK? 

 

The District Heating uses water that is centrally heated and distributed through a system 

of pipes to individual users, usually in areas of high concentration of activities and 

housing. There are many advantages using this kind of heating system: the heat 

production is very flexible; it is possible to combine heat and power production; at the end, 

a large system results in better efficiency and in lower specific costs; and is possible to 

use a low grade heat sources (garbage burning, industrial waste heat, heat pumps). The 

heat is distributed to all costumers in the city in the main pipe, and to the individual 

costumers in service pipes. The heat is delivered to the house heating system and to the 

tap hot-water system, using district-heating substations. The two-pipe system is the most 

common system in Europe, and therefore, in Sweden, to distribute heat in district heating 

systems. This way consists in a 2-way scheme with a hot supply pipe and a colder return 

pipe, with the loads connected in parallel to these two pipes. In the picture below can be 

checked the entire system. 
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Picture 7: Typical District Heating Network 

 

Today, the normal district heating pipes are made by steel pipes with an integrated plastic 

jacket, called jacket pipes. They should not move too much when they are heated up. 

They usually have a limited pressure and temperature range (6 bar, 90 ºC). 

 

Besides, the district heating temperature depends on the expected load, which really 

depends on the outdoor temperature, as it can be checked below in picture 8.  
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Picture 8: Typical District Heating Temperature 

 

1.4.1 Example of how the net is operated 

 

A co-generation plant loads heat to an accumulator and directly to the net. There is also a 

solar energy plant connected to the net, for instance. The heat is supplied in the supply 

pipe and distributed to all substations in the houses, which are connected in parallel 

between the supply pipe and the return pipe. 

 

Because of the friction inside the pipes, the pressure of the water drops – it is important to 

remember that the more water flows, the higher is the pressure drop-. So, the pressure 

difference should be measured at a distant point, far from the district plant, because if the 

pressure differences are too small, it is necessary to deliver a higher pressure, ant it is the 

pump which is ordered to do it.  

 

There are also control valves placed in the substation, which control the flow to each load, 

and temperature sensors, in order to heat the water to the desired temperature for the 

costumer. If it is impossible to deliver enough heat, then an additional heat from the 

accumulator is ordered.  
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2. THE BUILDINGS 

 

Situated in Granitvägen –Granit Street- in the number 12, in Gävle, a little town placed in 

the north of Stockholm, in Sweden. In the Sörbyskolan –School of Sörby- work together 

more than 480 children between 6 and 12 years, with almost 70 teachers and personal of 

the school.  

 

The school was built in 1964. This must be taken into account in the calculations because 

the installation is too old and it is necessary to improve it. However, in 1985 a new 

ventilation system was installed, with the exception of the second building, as it is showed 

below in picture 9. In 1995, the ventilation system was recalibrated for the last time.  

 

Actually, the school consist of six different buildings around a big courtyard –where swings 

for the children are placed-. There are classes, a library, a dining room and a kitchen, 

workshops of wood and cooking, a gym, showers…  

 

 

Picture 9: Situation of the Buildings in the Sörbyskolan 
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The main building is marked with the letter A. There are two floors and a basement. There 

are classes for the oldest students, a library, a computer room and the offices of the 

teachers, the administrator and the rest-room for the teachers and so on. This is the 

biggest building, and the most complicated under the point of view of the calculations. 

 

In the building marked with letter B, the kitchen, the dinning room and an assembly hall –

with a stage to play music or any performances- are placed. There is also a basement. 

This is the oldest building, so its installation is the worst of all the school.  

 

The buildings C and D are assigned to the young students. They are very simple buildings 

with just one floor and without basement, divided in a few classes.  

 

In the building E, there is a kitchen inside assigned to teach, and also a workshop, usually 

used to teach how to handle wood. There is an open courtyard in the middle of the 

building with some plants and tables, to eat outside the building when the weather allows 

it.  

 

The last building, marked with letter F, is the gym, with two different dressing rooms –

female and male dress rooms- and an indoor track to play sports. 

 

Some pictures about the school and its buildings can be checked In the Annex X: Pictures 

of the Building. 

 

It is important to review that there is a Ventilation System in each building, but it is not the 

same for the district heating. There is only one connection with the district heating 

network, and it is placed in the main building, where it can be found the district heating 

substation. Then, the pipe system delivers the heat to the next building, in this case the 

building B –kitchen and dinning room- and after this, keep delivering to the next building, 

the one which was market with the letter C and so on, up to the last building, the gym –

market with letter F-.  
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3. THEORY 

 

There are a few theoretical ideas that are good enough to understand before broach the 

matter of the process and calculations. 

 

3.1 THE HEAT BALANCE 

 

Determined by the transport of heat through the envelope of the building; the storage of 

heat in the building structure; and the internal generation of heat in the room. The heat 

balance is a useful tool to understand the present situation of the building and its heating 

system, as well as the ventilation system or the lighting system. 

 

Make the heat balance is the first step before beginning to think about the possible 

improvements. As it is a really important part in this paper, the different parts of the heat 

balance are explained deeply below. 

 

3.1.1 Transport of Heat through the Envelope of the Building 

 

When the outdoor temperature is lower than the room temperature the building will lose 

heat to its surroundings. The cause of the loss is heat transmission and air infiltration 

through the outside walls, the windows, doors and the roof. Each of these parts of the 

envelope accounts for its portion of the losses.  

 

Speaking about transmission, the heat flow through the different parts depends on their 

area and their heat transmission coefficient.  

 

The heat loss due to air infiltration depends mainly on the tightness of the different 

elements, and how well they are fitted together. 

 

In short, depending on the quality of the isolation of the building, the losses due to air 

infiltration or heat transmission will be shorter or longer.  
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3.1.2 Storage of Heat in the Building Structure 

 

This occurs if the room temperature varies. Radiated heat from lights, people and 

equipment is absorbed by the surfaces of the room, stored in the structure and emitted 

afterwards.  

 

In this paper, the temperature inside the rooms of each building of the school usually 

remains constant.  

 

3.1.3 Internal Generation of Heat 

 

The internal generation of heat depends on the sum of solar irradiation in the daytime 

through the windows –it is possible to find variations over the whole year in the irradiation-

; the heat from people who are inside the room; and the heat generated by lighting 

installed inside the room. 

 

3.1.4 Formulation of the Heat Balance 

 

The formulation that has been used to make the heat balance is showed below: 

 

Qsupply = Qheat losses; 

 

Qsupply heat + Qinternal heat generation =  

Qtransmission + Qinfiltration + Qventilation 

 

By means of the calculation is possible to find the heat losses from ventilation, 

transmission and internal heat generation. The supply heat is delivered by the Supply 

Company, in this case, Gävle Energy.  

 

http://www.gavleenergi.se/
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Therefore, the heat due to infiltration is the result of making the heat balance, using the 

data presented above.  

 

Once the heat balance is completed, the information about the system in the school is 

good enough to improve the heating system, which is really the aim of this paper.  

 

3.2 NORMALIZATION OF MEASURED ANNUAL AMOUNTS 

OF HEAT: DEGREE HOURS 

 

Residential buildings need a method of normalization. All the values which have been 

measured or calculated must be normalised. In this case, the Degree Hours Table (see 

Annex VIII: Tables) is used, normalising the data according to the outdoor climate 

variations. The goal is to get measurements of the annual amount of heat.  

 

3.3 THE HEAT BALANCE IN DISTRICT HEATING SYSTEM 

 

It is normal to find losses in production between 8 and 12%, but the higher losses come 

from the distribution system, with losses between 10 and 20%, depending on the age of 

the installation. Besides, it has to take into account the waste due to customers, losses 

between 5 and 10%. 

 

The most important then is the losses from the distribution system. As the installation 

under study was installed in 1964 for the main building –marked with letter A- the losses 

would be between 10 and 20% of the district heating hired. This must be taken into 

account in the calculations when the comparison between the hired heat and the real 

used heat in the school will be done.  
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The losses in production do not matter in this paper and the wastes due to customers are 

included in the transmission losses calculations.  

 

 

Picture 10: Losses in the District Heating net 
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4. PROCESS AND RESULTS 

 

To figure out which one is the best way to improve the heating system of the school, is 

necessary to find out how the efficiency of the district heating net in the school is. The 

results will show the difference between the heat hired and the heat used, allowing to 

know the heat losses and wastes of heat in the school.  

 

There are some data which do not change during the process of calculation. Using the 

tables from the Annex VII: Tables, is possible to establish an outside temperature of -18 

ºC and an inside the school temperature of 21 ºC. And also the mean temperature in 

Gävle, the town in Sweden where the school is placed, can be fixed up and it is 5 ºC.  

 

4.1 THE HEAT BALANCE 

 

First of all, the energy balance should be done, because it is necessary to understand the 

current situation of the heating system in the school. The results of the entire balance are 

presented as following:  

 

4.1.1 Transmission Losses 

 

Two factors are important to calculate the heat flow through the different surfaces: the 

area of the surfaces and the heat transmission coefficient. The area from walls, roof, floor, 

windows and doors have been calculated using drawings provided by Gävle Fastigheter, 

the company which owned the school, and doing measurements in the school itself. About 

the heat transmission coefficient, the U-Values for heavy buildings in Sweden which were 

raised between 1940 and 1975 have been used. The reason for this is the U-Value 

depends directly on the material used in the school when it was built. The U-Values tables 

have been provided by Sweco Theorells AB.  

 

The different areas of each building can be checked in the Annex II: Transmission Losses 

for Each Building; the U-Values in Annex VIII: Tables; and also some pictures of the 

http://www.gavlefastigheter.se/bbab/bbab_sida.aspx?id=37
http://www.121.nu/onetoone/foretag/sweco-theorells-ab-D5B8
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school and its building can help in the understanding of this section of the paper, placed in 

Annex X: Pictures of the Buildings. 

 

  UNITS 

Transmission Losses 479,7 kW 

Energy Consumption 1219453,8 kWh 

 Table 1: Results from Transmission Losses 

 

The formulation can be checked in the Annex I: Transmission Losses. 

 

4.1.2 Solar Radiation  

 

There is a heat gain due to solar radiation in the daytime, when the sunlight goes through 

the windows of the buildings. For this, it is very important to know the exact position of the 

buildings concerning the sun. 

 

In Table 10: Solar Radiation, in the Annex VIII: Tables, can be checked the position of the 

school, which is Latitude 60º, north. Also mention that the period of time between half May 

and half September has been excluded; because in the summer time the high 

temperatures could adulterate the result, now that the heating system is not necessary in 

that time. In the following picture, the degree of the solar radiation is showed. 

 

Picture 11: Solar radiation on the facades of each building 
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The results using the position of each building concerning the sun showed above are in 

presented in the following table. 

 

  UNITS 

Solar Radiation 639011,8 kWh 

Table 2: Results from Solar Radiation 

 

The formulation can be checked in the Annex III: Solar Radiation. 

 

4.1.3 Heat from the People 

 

Depending on the number of people inside the building at the same moment as well as 

the activities that they are doing –teaching, working, studying, playing sports, cooking…-, 

and taking into account a men surface area of 1.8 m2; the heat gain from people inside the 

building can be calculated. The results are showed in the table below. 

 

  UNITS 

Heat from the People 175175 kWh 

Table 3: Results from Heat from the People 

 

The formulation can be checked in the Annex IV: Heat from the People. 

 

4.1.4 Heat from the Lights 

 

The heat from lighting depends on the activity inside the buildings –each activity needs a 

light level recommended-; the time that those lights are on and its emissions and also the 

area that want to be illuminated.   

 

  UNITS 

Heat from the Lights 91260,8 kWh 

Table 4: Results from Heat from Lights 

 

The formulation can be checked in the Annex V: Heat from lighting. 
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4.1.5 Ventilation Losses 

 

In the ventilation is also important to take into account that it must always be a minimum 

flow rate inside the buildings. For every person inside the building, it must be eight liters 

per second of flow rate.  

 

Besides, another important thing is the type of the exchanger. Depending if the exchanger 

is Rotate (70% back), Plates (55% back) or Battery (50% back) the results will be 

different. In this case, the exchangers in the school are Rotate Type, so the efficiency will 

be 70%. 

 

  UNITS 

Ventilation Losses 311 kW 

Energy Consumption 888991 kWh 

Table 5: Results from Ventilation Losses 

 

The formulation can be checked in the Annex VI: Ventilation Losses. 

 

4.1.6 Heat Balance: Infiltration Heat 

 

Applying this formula:  

 

Qsupply heat + Qinternal heat generation =  

Qtransmission + Qinfiltration + Qventilation 

  

Heat Supply 1406500  Transmission Losses 1219453,8 

IHG 905447,6  Ventilation Losses 888991 

TOTAL 2311947,6  TOTAL 2108444,8 

     

   Infiltration Losses 203502,8 

Table 6: Results from Infiltration Losses [kWh] 
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In the following picture, the total heat balance can be checked. 
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Picture 12: Heat Balance 

 

The formulation can be checked in the Annex VII: the Heat Balance. 

 

4.2 THE HEAT BALANCE IN DISTRICT HEATING SYSTEM 

 

To understand this section of this paper it is necessary to know the difference between the 

time when the school was built and the time right now, because the price of the energy is 

totally different, and also the need of energy. The normal way to proceed in the 

calculations is the one described in this paper until this point: once the total effect of heat 

in kW is found, the next step consists in multiply this effect 2500 hours times to get the 

energy en kWh –this has been explained in the section relative a Degree Hours in the 

calculations of the transmission losses-.  
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But with the prices of energy now, and because the school is too old, it is necessary to 

find another way, taking into account also that the school is empty many times during the 

year, now that the prices of energy are much more expensive than forty years ago. For an 

effect as closer to reality as possible, the time must be expressed between 1400 and 1600 

hours, agreeing with the company which rules the district heating business in Gävle: 

Gävle Energy.  

 

4.2.1 Waste in the District Heating System 

 

It is necessary to show the result of the explained in the previous section. Therefore, the 

waste in the district heating pipe system is an important knowledge, because it is one of 

the most important chances of improvement.  

 

For this reason, the comparison between district heating hired and the use of energy in 

the school must be done. To make possible this comparison, the consumption of 

transmission heat, ventilation heat and hot tap water must be found. Again, In the Annex 

VII: the Heat Balance, the calculations can be checked. 

 

 

Applying this formula:  

 

Qsupply heat = Qtransmission + Qinfiltration + Qhot tap water 

 

Heat Supply 1406500  Transmission Losses 671570,4 

   Ventilation Losses 435596,6 

   Hot Tap Water 65583,4 

TOTAL 1406500  TOTAL 1172750,4 

     

   Wastes 233749,6 

Table 7: Results from Wastes in the Piping System [kWh] 

 

 

 

 

 

http://www.gavleenergi.se/
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In the following picture, the total heat balance  in the pipe system inside the school can be 

checked. 
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Picture 13: Heat Balance in the DH Pipe System 

 

There is almost a 17% of waste in the pipe system. Certainly, they are a very useful data 

to take into account in the process of improving the installation of the district heating 

system in the school. 
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4.3 POSSIBILITIES OF INVESTMENTS OF THE DISTRICT 

HEATING SYSTEM 

 

Once the losses on the district heating system have been found, and once they have been 

figured out that is due to waste in the pipe system –almost 20%- it is time to offer a few 

possible solutions, trying always to improve the efficiency of the system and, therefore, 

reducing the total waste of heat and energy.  

 

4.3.1 Making a New Connection to the District Heating Net 

 

Right now, all the school is supplied by only one Supply Pipe, which connects the district 

heating network with the main building. The prices for making a new connection have 

been found in the Gävle Energy, and they are showed below:  

 

 PRICE UNITS 

Connection 55000 SEK 

Fixed Fee 7100 SEK / year 

Current Costs 0,35 SEK / kWh 

Table 8: Prices Used in Gävle by Gävle Energy Company 

 

So, there are two different possibilities in this case. Make a connection for each building of 

the school, which means that, it is necessary five new connections but however, a pipe 

system there will not be necessary. The second possibility is the division of the school in 

two parts, which means that with only one extra connection to the district heating net, 

would be enough. However, the district heating pipe system in the school must be 

improved with a better isolation. In this case, the old connection would supply the main 

building and the dining room –named A and B-; and the new one would supply the rest of 

the buildings –named C, D, E and F-. 

 

 

 

 

http://www.gavleenergi.se/
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In the tables below are showed an estimated cost for these two ways, taking into account 

that the current costs are the same for both:  

 

 PRICE UNITS 

5 new connections 275000 SEK 

5 new fixed fee 35500 SEK / year 

Table 9: Cost of Connections for Each Building in the School 

 

 PRICE UNITS 

1 new connection 55000 SEK 

1 new fixed fee 7100 SEK / year 

Table 10: Cost of an Extra Connection, dividing the School 

 

It looks like the first option would be the most expensive. But, this would be not true. The 

cost of the improvement of the system pipe must be taken into account. Remembering 

that the present installation in the school is too old, trying to improve the isolation of the 

pipes would be useless and also expensive. Therefore, it has to be considered that the 

improvement is like a making a new installation of the pipe system.  

 

According to Gävle Energy, the company which develops the district heating in Gävle, 

3000 SEK per meter (319 €) is a good estimation about the cost of installing a new district 

heating pipe system in the school.  

 

So, the second possibility increases his cost a lot, as well as the possibility to just improve 

the isolation of the pipes without a new connection. 

 

4.3.2 Cost of the Best Possibility of the Investment 

 

The fact that the installation in the school is too old is a very important matter. Because of 

this, try to improve just the isolation of the pipes would be useless and the work of rise the 

soil and apply the treatment would be laborious and expensive.    

 

The same reasons are valid in the case that a new connection is done, because a better 

isolation in the pipes is also necessary, with the problems of money and work described 

above.  

http://www.gavleenergi.se/
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So, it seems like the better proposal is make a new connection for each building, directly 

to the district heating net, forgetting all the problems concerning the old system pipe in the 

school. In order to provide an estimated cost for this entire operation, the company Gävle 

Energy has been consulted again.  

 

The new situation of the school with a new connection for each building implies a waste of 

energy null and void.  And the total cost for the entire operation, including the materials 

and the labour work force, would be around 1.750.000 SEK (186289 €).  

 

 

 

 

 

 

 

 

 

http://www.gavleenergi.se/
http://www.gavleenergi.se/
http://www.gavleenergi.se/
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5. DISCUSSION 

 

The Sörbyskolan, which has been studied in this paper, belongs to the company called 

Gävle Fastigheter. This company was suspicious about the district heating system 

installed now, mainly due to the old installation and, besides, because a conscientious 

study has never done before. That is why Gävle Fastigheter needed the services of 

Sweco Theorells AB, the company where the author of this paper has been working.  

 

In Sweden, the education is free for every student. But the school receives the money 

needed from the government according with the number of the people studying at the 

moment. So, the comfort of the students in the school is a matter of importance. Gävle 

Fastigheter would want to know the real situation of the district heating system in the 

school right now. So, the analysis of the district heating system will be the aim of this 

paper.  

 

Therefore, the method used is the following: in the analysis of the district heating system 

in the school, a heat balance has been done. The balance has consisted in the study of 

the different losses in the buildings and in the different gains. These are the ventilation 

and transmission losses; and the internal heat generation, due to lights and people inside 

the building and the solar radiation which comes inside through the windows.  

 

All the calculations have been done in the building, taking measurements and comparing 

with the data supplied by the company which owns the school. Once that the results have 

been found, the Balance is completed. Therefore, the final results are very trustworthy, 

considering the amount of the final infiltration losses found. However, there are always 

uncertainties in the final results. The u-values provided by the company, or the drawings 

that are not always the same than in the reality, the data of design… It must to be said 

that the uncertainty could be between 10% and 20%.  

 

Then, the next step has been the particular analysis of the district heating net, because 

the analysis of the heat balance in the school has been satisfactory. Using the 

calculations and the supply district heating hired by the school, the amount of waste in the 

system has been found: it is near 17% of the total district heating hired. According to the 
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historical data of the Gävle Energy, the company which rules the district heating business 

in Gävle, the normal waste for buildings built in the 60s is between 15% and 20% of the 

district heating hired. Once more, the final result seems accurate, and expected.  

 

During the whole work of this project, different companies have been consulted. Dealing 

with the responsible on these companies has been one of the most interesting parts of the 

execution of this paper. And also a difficult matter, due to difference of language, since not 

all the people speaks English, so, phone inquiries have been too difficult and the most of 

the times the meetings and the e-mails have been the most used.  

 

Speaking about the language, all the data supplied by the different companies were in 

Swedish, making more difficult to understand it. The use of dictionaries and the help of 

translators have been inestimable.  

 

Another important part in the process of this paper was the work in the school itself. The 

school only remains open without children two or three hours per day, and never in 

vacation or weekend. All measurements done have involved many days of work and 

sometimes the availability of the devices needed for the measurements has been a 

problem.  

 

The final part of the process was focused in the calculations, also according with the 

different companies which had useful data. 

 

The aim of this paper is the analysis of the district heating system in the school. But, after 

this, three different solutions are showed, to be considerer for the company owner of the 

school. Between these possible ways, one has been selected and showed deeper. The 

main reason to choose this solution and no other is due to the conclusions of the author of 

this paper. Another matters as time the school would be close for reparation, available 

money… have not been taken into account.  

 

The first possible solution consists in improving the pipe system inside the school, the 

most important responsible for the wastes of heat. Taking into account that would be 

around 183 meters of district heating pipes and the price is 3000 SEK per meter (319 €); 

the final cost would be 549000 SEK (58441 €). 
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The second way is a new connection, dividing the school in two different loads, in parallel 

with the district heating network. But, even with this solution, the isolation of the pipes 

must be done, in order to avoid losses. So, if one connection cost 55000 SEK (5854 €), 

with a fee of 7100 SEK per year (755 €), it must to be added the cost of improving the 

pipe system described before. Therefore, the final cost of this possibility of improvement 

would cost near 604000 SEK (64296 €) and 7100 SEK per year (755 €).  

 

The third and the last solution consists also in making new connections. But this time, 

would be 5 new connections instead of just one. The idea is that each building would have 

an own connection to the district heating network. So, it would be 6 loads in parallel with 

the net. In this case, the improvement of the pipe system inside the school is not 

necessary. Therefore, the cost will be 55000 SEK per new connection (5854 €) and a fee 

of 7100 SEK per year and per new connection (755 €), it is means, 275000 SEK (29274 

€) and 35500 per year (3779 €).  

 

It is important to know that, even the most expensive solutions seems to be the first one, 

in the rest of the solution the cost will increase a lot due to the operation of installing the 

connections: the materials, the work force, the machinery needed… But also say that if 

the pipe system inside the school is renovated, it is includes that the pipes have to be dug 

in the ground, causing troubles in the normal life of the school.  

 

Under the point of view of the author of this paper, the best solution would be the last one 

explained before: one connection for each building. For this reason, a total budget was 

required to the company Gävle Energy, which would do the construction work if the 

company responsible for the school will agree with it. The finally budget, including all 

materials and labour work force will be 1750000 SEK (186289 €). As it is the best solution, 

add that the total wastes of the actual system will be avoided. And it is also implies a 

saving money near 82000 SEK per year (8728 €). Although the amount of money needed 

to choose this possibility is high –near two million Swedish crowns – it seems that saving 

money of 82000 SEK per year (8728 €) is too small. Therefore, the pay-back time to 

recover the investment would be around 21 years.  
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If the school opts for another cheaper solution, the second one is the less recommended. 

It has the problems of the other possibilities and no advantages in comparison. So, if the 

school has no enough money to face up the budget of making new connections, 

improving the isolation of the pipe system inside the school would be the best possibility. 

In order to provide the higher information that helps to take the most appropriate decision, 

the budget of this possibility is the price showed above: 549000 SEK (58441 €). And the 

pay-back time is considerably shorter: near 7 years. 

 

So, between these two solutions, why making new connections would be better though is 

the most expensive? Because the problem of waste will be totally avoided forever, and it 

will never be a problem again due to the remove of the pipe system in the school, since 

each building would receive the total amount of eat needed without losses directly from 

the district heating network. 

 

And also is important to remember that the pipe system in the school is too old, and if the 

improvements are made in it, there is no certainty that it will not fail again in the near 

future. Besides, the operation work in the school will be worst than the other –dig more 

than 183 meters inside the field of the school.  
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6. CONCLUSION  

 

After all measurements done in the school and the results of the energy balance, the 

problem of waste of district heating was found in the district heating pipe system inside the 

school. This system pipe is in charge of the distribution of heat from the main building, the 

only one with a direct connection to the district heating net, to the rest of the buildings of 

the school –five buildings more-.  

 

The aim of this paper is the analysis of the district heating system in the mentioned 

school. The analysis shows that the amount of district heating wasted is near to 17%, too 

high if it is compared with others similar system. The reason is clear: the installation in the 

school is too old, and the losses are due to a deficient pipe system with a really bad 

isolation. With this, the purpose of this paper has been achieved, maybe with an 

uncertainty between 10% and 20%, due mainly to the origin of the data used.  

 

In this paper, it can also be checked a few possibilities to solve the problem of losses, 

improving besides the efficiency of the system. These different ways are: the improvement 

of the isolation of the pipes; the improvement of the isolation and besides, make a new 

connection to the district heating net, becoming the school in two different systems; and 

the connection of each building to the district heating net, avoiding the use of pipes and, 

therefore, decreasing the waste up to zero.  

 

The last possibility mentioned above is the one which offers the best solution, because it 

removes all the problems due to the pipe system, depending directly to the district heating 

net. Also the wastes are eliminated. And it is really the best option for the future. But, it is 

necessary to mention that the installation of the five new connections probably would cost 

nearly 1.750.000 SEK (186289 €) and the pay-back time would be near 21 years.  

 

If the school has not the enough money to effort the possibility explained above, another 

has been studied: just improve the isolation of the pipe system inside the school. The 

budget of this possibility would be 549000 SEK (58441 €) and the pay-back time is 

considerably shorter: near 7 years. 
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The final decision would depend of the owner of the school. When the school was built, 

the price of energy in Sweden was too small. Possibly, in those times the isolation of the 

pipe was not a priority. But right now, the higher price of energy has forced the school to 

make the study showed in this paper.  Today, the price of the district heating remains 

more or less constant. Maybe the company who rules the school would prefer to wait 

before to make a decision. When the price of district heating would be higher than now, 

one of the possibilities showed in this paper could be approved and carried on by the 

people responsible for the decision.  
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ANNEX I: TRANSMISSION LOSSES 

 

1.1 FORMULATION 

 

The Transmissions Losses are due to Walls, Windows and Doors, Roofs and Floors. 

 

 UNITS 

P = (A * U * AT) / 1000 kW 

 

A = area m2 

U = u-value W / (m2*K) 

AT = temperature differences C 

Formulation for Walls, Floors, Windows and Doors 

 

 UNITS 

P = ((A * U * AT)*1,15) / 1000 kW 

 

A = area m2 

U = u-value W / (m2*K) 

AT = temperature differences C 

Formulation for Roofs 

 

1.2 INPUT DATA 

 

  UNITS 

Outside Temperature -18 C 

Inside Temperature 21 C 

Soil Temperature 5 C 

Temperatures 
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The Outside Temperature has been calculated using the Table 1: Meteorology and 

Climatology (Annex VIII: Tables), where the outside temperature in Sweden for Heavy 

Buildings can be found.  

 

Both Inside and Soil temperature have been calculated as an average temperature with a 

measurement in the self building. 

 

1.3 U- VALUES 

  UNITS 

Glazed Windows (Double) 2,9000 W / (m2*K) 

Walls (1964, brick) 1,0000 W / (m2*K) 

Roof 0,4000 W / (m2*K) 

Doors (75% of glass) 2,5000 W / (m2*K) 

Floor (Ground) 0,4000 W / (m2*K) 

Floor (Basement) 0,6000 W / (m2*K) 

Walls (Basement) 1,0000 W / (m2*K) 

U - Values 

 

The different U-Values have been obtained as following. 

 

1.3.1 Windows 

 

All the windows are double glazed Windows. It can be checked in Table 2: Calculation 

Factors for Windows according to Solar Radiation (Annex VIII: Tables).  

 

1.3.2 Walls 

 

All the buildings were raised in 1965, which means that they are old buildings. The tables 

3 to 5 show the U-Values (Annex VIII: Tables). Is important to mention that all the data in 

these tables are in 
Hours

Kcal . So, it is necessary to multiple by 1.162, with the intention 

of obtain the U-Values in the correct units. 
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1.3.3 Roofs 

 

See point 1.3.2 

 

1.3.4 Doors 

 

All the doors have a 75% of glass, approximately. It can be checked in Table 6: U- Values 

Doors (Annex VIII: Tables). 

 

1.3.5 Floors 

 

There are two different cases: 

 

a) Without basement 

b) With basement 

 

See point 1.3.2 

 

1.3.6 Walls in the basement 

 

See the U-Value in the Table 7: U-Values with basement (Annex VIII: Tables). 

 

1.4 CALCULATIONS AND RESULTS 

 

1.4.1 Previous explanations about the basements 

 

a) Without basement 

The buildings C, D, E, F and the corridor between buildings B and C have no 

basement. So, the calculations have been done following the next picture:  
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Heat losses due to transmission in a ground without basement 

 

b) With basement 

Both buildings A and B have a basement. So, the calculations have been done 

following the next picture:  

 

Heat losses due to transmission in a ground with basement  
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1.4.2 Results 

 

  Roof 
Floor 

(Basement) Walls Windows Doors 
Floor 

(Ground) TOTAL 

Building A 31,3 44,0226 48,34 65,90903 2,706 0 192,30099 

Building B 15,1 21,636 17,34 12,73789 2,218 0 69,0019875 

Building C 14 0 16,3 10,68795 1,219 6,1888 48,44452 

Building D 7,53 0 11,08 10,23555 1,219 3,4424 33,5075 

Building E 18,4 0 18,63 18,35048 1,219 7,3296 63,910605 

Building F 15,4 0 25,6 4,1847 1,219 6,54 52,93947 

Building Corridor 3,55 0 6,728 6,95565 0 2,3528 19,58807 

         

         

       TOTAL 479,6931425 

 Results of the Transmission Losses in the School [kW] 

 

For more details, check the Annex II: Transmission Losses of Each Building. 

 

1.5 ENERGY CONSUMPTION 

 UNITS 

E = (P / AT) * h kWh 

   

P = Heat Losses kW 

AT = temperature differences C 

h = degree hours h 

Formulation for Energy Consumption 

 

1.5.1 Degree Hours 

 

Previously, the Mean Temperature in Gävle has been found using Table 9: Meteorology 

and Climatology: Average Temperature (Annex VIII: Tables). 

And from the Table 8: Degree Hours for Energy Consumption (Annex VIII: Tables), the 

following results have been obtained: 

 

 



 38 

  UNITS 

Mean Temperature 5 C 

Inside Temperature 21 C 

Degree Hours 127300 hours 

Degree Hours 

 

But one problem has been found. The data delivered for the company which owns the 

school has a different degree hour. This is because the district heating is not working the 

whole year; there are periods of vacation in Christmas and in summer. Therefore, the real 

Degree Hours must be the showed in the bill –Annex IX: Invoice of the School- and it is 

99144 hours. So, the calculations in this annex are done with this data.  

 

1.5.2 Results 

 

Building A 488858,7013 

Building B 175413,6679 

Building C 123153,4228 

Building D 85181,22 

Building E 162470,5903 

Building F 134580,2773 

Building Corridor 49795,88749 

   
   

 TOTAL 1219453,767 

 Results of the Energy Consumption in the School due to Transmission [kWh] 
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ANNEX II: TRANSMISSION LOSSES FOR EACH 

BUILDING 

 

2.1 BUILDING A 

 

Transmissions Losses --> Roof   

    

  Values UNITS 

P = ((A * U * AT)*1,15) / 1000 31,32324 kW 

    

A = area 1746 m2 

U = u-value 0,4 W / (m2*K) 

AT = temperature differences 39 C 

    

    

Transmissions Losses --> Floor 
(Basement)   

    

  Values UNITS 

P = (A * U * AT) / 1000 16,7616 kW 

    

A = area 1746 m2 

U = u-value 0,6 W / (m2*K) 

AT = temperature differences 16 C 

    

P = (A * U * AT) / 1000 27,261 kW 

    

A = area 699 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

Transmission Losses due to Roof and Floor 

 

Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 18,915 kW 

    

A = area 485 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 
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Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 32,9121 kW 

    

A = area 291 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

East Façade 

 

Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 6,4545 kW 

    

A = area 165,5 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 3,22335 kW 

    

A = area 28,5 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Doors   

    

  Values UNITS 

P = (A * U * AT) / 1000 0,609375 kW 

    

A = area 6,25 m2 

U = u-value 2,5 W / (m2*K) 

AT = temperature differences 39 C 

South Façade 

Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 17,8815 kW 

    

A = area 458,5 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 
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Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 29,01015 kW 

    

A = area 256,5 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Doors   

    

  Values UNITS 

P = (A * U * AT) / 1000 1,21875 kW 

    

A = area 12,5 m2 

U = u-value 2,5 W / (m2*K) 

AT = temperature differences 39 C 

West Façade 

Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 5,0895 kW 

    

A = area 130,5 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 0,763425 kW 

    

A = area 6,75 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

  Area Little Windows 2,25 

    

Transmissions Losses --> Doors   

    

  Values UNITS 

P = (A * U * AT) / 1000 0,8775 kW 

    

A = area 9 m2 

U = u-value 2,5 W / (m2*K) 

AT = temperature differences 39 C 

North Facade 
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2.2 BUILDING B 

 

Transmissions Losses --> Roof   

    

  Values UNITS 

P = ((A * U * AT)*1,15) / 1000 15,0696 kW 

    

A = area 840 m2 

U = u-value 0,4 W / (m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Floor 
(Basement)   

    

  Values UNITS 

P = (A * U * AT) / 1000 8,064 kW 

    

A = area 840 m2 

U = u-value 0,6 W / (m2*K) 

AT = temperature differences 16 C 

    

P = (A * U * AT) / 1000 13,572 kW 

    

A = area 348 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

Transmission Losses due to Roof and Floor 

 

Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 4,119375 kW 

    

A = area 105,625 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 4,0291875 kW 

    

A = area 35,625 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 
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Transmissions Losses --> Doors   

    

  Values UNITS 

P = (A * U * AT) / 1000 0,853125 kW 

    

A = area 8,75 m2 

U = u-value 2,5 W / (m2*K) 

AT = temperature differences 39 C 

East Facade 

Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 3,822 kW 

    

A = area 98 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    

    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 4,7502 kW 

    

A = area 42 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

South Facade 

Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 5,304 kW 

    

A = area 136 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Doors   

    

  Values UNITS 

P = (A * U * AT) / 1000 1,365 kW 

    

A = area 14 m2 

U = u-value 2,5 W / (m2*K) 

AT = temperature differences 39 C 

West Facade 
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Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 4,095 kW 

    

A = area 105 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 3,9585 kW 

    

A = area 35 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

North Facade 

 

2.3 BUILDING C 

 

Transmissions Losses --> Roof   

    

  Values UNITS 

P = ((A * U * AT)*1,15) / 1000 14,04702 kW 

    

A = area 783 m2 

U = u-value 0,4 W / (m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Floor (Ground)   

  Values UNITS 

P = (A * U * AT) / 1000 4,192 kW 

    

A = area 655 m2 

U = u-value 0,4 W / (m2*K) 

AT = temperature differences 16 C 

    

P = (A * U * AT) / 1000 1,9968 kW 

    

A = area 128 m2 

U = u-value 0,4 W / (m2*K) 

AT = temperature differences 39 C 

Transmission Losses due to Roof and Floor 
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Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 4,329 kW 

    

A = area 111 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    
    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 6,27705 kW 

    

A = area 55,5 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

East Façade 

 

Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 3,59775 kW 

    

A = area 92,25 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    
    

Attention: TOTAL P 7,1955 kW 

    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 0,424125 kW 

    

A = area 3,75 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

    
    

Attention: TOTAL P 0,84825 kW 

South & North Façade 
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Transmissions Losses --> Walls   
    

  Values UNITS 

P = (A * U * AT) / 1000 4,7775 kW 

    

A = area 122,5 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    
    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 3,56265 kW 

    

A = area 31,5 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

    
    

Transmissions Losses --> Doors   

    

  Values UNITS 

P = (A * U * AT) / 1000 1,21875 kW 

    

A = area 12,5 m2 

U = u-value 2,5 W / (m2*K) 

AT = temperature differences 39 C 

West Façade 

 

 

2.4 BUILDING D 

 

 

Transmissions Losses --> Roof   

    

  Values UNITS 

P = ((A * U * AT)*1,15) / 1000 7,5348 kW 

    

A = area 420 m2 

U = u-value 0,4 W / (m2*K) 

AT = temperature differences 39 C 
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Transmissions Losses --> Floor (Ground)   

    

  Values UNITS 

P = (A * U * AT) / 1000 2,1632 kW 

    

A = area 338 m2 

U = u-value 0,4 W / (m2*K) 

AT = temperature differences 16 C 

    

P = (A * U * AT) / 1000 1,2792 kW 

    

A = area 82 m2 

U = u-value 0,4 W / (m2*K) 

AT = temperature differences 39 C 

Transmission Losses due to Roof and Floor 

 

Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 1,80375 kW 

    

A = area 46,25 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 1,6965 kW 

    

A = area 15 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

    
    

Transmissions Losses --> Doors   

    

  Values UNITS 

P = (A * U * AT) / 1000 0,609375 kW 

    

A = area 6,25 m2 

U = u-value 2,5 W / (m2*K) 

AT = temperature differences 39 C 

East Façade 
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Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 3,69525 kW 

    

A = area 94,75 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 3,534375 kW 

    

A = area 31,25 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

South Façade 

 

Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 1,90125 kW 

    

A = area 48,75 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 1,41375 kW 

    

A = area 12,5 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Doors   

    

  Values UNITS 

P = (A * U * AT) / 1000 0,609375 kW 

    

A = area 6,25 m2 

U = u-value 2,5 W / (m2*K) 

AT = temperature differences 39 C 

West Façade 
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Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 3,67575 kW 

    

A = area 94,25 m2 

U = u-value 1 
W / 

(m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 3,590925 kW 

    

A = area 31,75 m2 

U = u-value 2,9 
W / 

(m2*K) 

AT = temperature differences 39 C 

North façade 

2.5 BUILDING E 

 

Transmissions Losses --> Roof   

    

  Values UNITS 

P = ((A * U * AT)*1,15) / 1000 18,37953 kW 

    

A = area 1024,5 m2 

U = u-value 0,4 W / (m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Floor (Ground)   

    

  Values UNITS 

P = (A * U * AT) / 1000 6,0192 kW 

    

A = area 940,5 m2 

U = u-value 0,4 W / (m2*K) 

AT = temperature differences 16 C 

    

P = (A * U * AT) / 1000 1,3104 kW 

    

A = area 84 m2 

U = u-value 0,4 W / (m2*K) 

AT = temperature differences 39 C 

 Transmission Losses due to Roof and Floor 
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Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 5,7135 kW 

    

A = area 146,5 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 4,4109 kW 

    

A = area 39 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

    
    

Transmissions Losses --> Doors   
    

  Values UNITS 

P = (A * U * AT) / 1000 1,21875 kW 

    

A = area 12,5 m2 

U = u-value 2,5 W / (m2*K) 

AT = temperature differences 39 C 

East Façade 

 

Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 3,3345 kW 

    

A = area 85,5 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    
    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 4,835025 kW 

    

A = area 42,75 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

South façade 
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Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 6,084 kW 

    

A = area 156 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 4,7502 kW 

    

A = area 42 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

West Façade 

Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 3,50025 kW 

    

A = area 89,75 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 4,35435 kW 

    

A = area 38,5 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

North façade 

2.6 BUILDING F 

 

Transmissions Losses --> Roof   

    

  Values UNITS 

P = ((A * U * AT)*1,15) / 1000 15,39252 kW 

    

A = area 858 m2 

U = u-value 0,4 W / (m2*K) 

AT = temperature differences 39 C 
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Transmissions Losses --> Floor (Ground)   

    

  Values UNITS 

P = (A * U * AT) / 1000 4,7616 kW 

    

A = area 744 m2 

U = u-value 0,4 W / (m2*K) 

AT = temperature differences 16 C 

    

P = (A * U * AT) / 1000 1,7784 KW 

    

A = area 114 m2 

U = u-value 0,4 W / (m2*K) 

AT = temperature differences 39 C 

Transmission Losses due to Roof and Floor 

Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 6,0645 kW 

    

A = area 155,5 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    

Attention: TOTAL P 12,129 kW 

    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 0,05655 kW 

    

A = area 0,5 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

  Area Window 0,5 m2 

    

Attention: TOTAL P 0,1131 kW 

East & West façade 

 

Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 7,722 kW 

    

A = area 198 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

South façade 
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Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 5,7525 kW 

    

A = area 147,5 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    
    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 4,0716 kW 

    

A = area 36 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

    
    

Transmissions Losses --> Doors   

    

  Values UNITS 

P = (A * U * AT) / 1000 1,21875 kW 

    

A = area 12,5 m2 

U = u-value 2,5 W / (m2*K) 

AT = temperature differences 39 C 

North Façade 

 

2.7 CORRIDOR BETWEEN BUILDINGS B AND C 

 

 

Transmissions Losses --> Roof   

    

  Values UNITS 

P = ((A * U * AT)*1,15) / 1000 3,55212 kW 

    

A = area 198 m2 

U = u-value 0,4 W / (m2*K) 

AT = temperature differences 39 C 
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Transmissions Losses --> Floor (Ground)   

    

  Values UNITS 

P = (A * U * AT) / 1000 0,512 kW 

    

A = area 80 m2 

U = u-value 0,4 W / (m2*K) 

AT = temperature differences 16 C 

    

P = (A * U * AT) / 1000 1,8408 kW 

    

A = area 118 m2 

U = u-value 0,4 W / (m2*K) 

AT = temperature differences 39 C 

Transmission Losses due to Roof and Floor 

 

Transmissions Losses --> Walls   

    

  Values UNITS 

P = (A * U * AT) / 1000 3,36375 kW 

    

A = area 86,25 m2 

U = u-value 1 W / (m2*K) 

AT = temperature differences 39 C 

    

Attention: TOTAL P 6,7275 kW 

    
    

Transmissions Losses --> Windows   

    

  Values UNITS 

P = (A * U * AT) / 1000 3,477825 kW 

    

A = area 30,75 m2 

U = u-value 2,9 W / (m2*K) 

AT = temperature differences 39 C 

  Area Central Windows = 6,75 m2 

    

Attention: TOTAL P 6,95565 kW 

South & North façade 
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ANNEX III: SOLAR RADIATION 

 

3.1  CALCULATIONS 

 

Gävle is situated in the Latitude 60 N. So, the orientation of each façade is showed in the 

picture below: 

 

Solar radiation on the facades of each building 

 

The following data has been obtained from the Table 10: Solar Radiation (Annex VIII: 

Tables), using a Latitude 60 North.  
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Input Data      

 DAYS EAST SOUTH WEST NORTH 

January 31 2360 1440 130 160 

February 28 4280 2900 370 640 

March 31 5740 4520 900 1720 

April 30 6370 5850 1990 3320 

May 15 5980 6150 3050 4460 

June 0 5820 6350 3870 5230 

July 0 5820 6280 3510 4910 

August 0 6070 5850 2380 3720 

September 15 5760 4820 1230 2200 

October 31 4960 3570 530 1010 

November 30 3340 1910 200 270 

December 31 1770 1060 80 90 

dm
Wh

2  

 

The result must be in kWh, so, taken into account the area of each window, the following 

table shows the result: 

 

 Building A Building B Building C Building D Building E Building F Corridor 

January 23628975 4654805 4373325 3683575 5121820 1822180 1377640 

February 39965940 8317260 7349160 7561400 9270100 3638600 2645020 

March 63290220 14146152,5 11479920 15897110 16154410 7108610 4773690 

April 76597200 17844037,5 13518225 26826225 21297525 10178250 6248625 

May 40918275 9594562,5 7016287,5 18087262,5 11939137,5 5957250 3445387,5 

June 0 0 0 0 0 0 0 

July 0 0 0 0 0 0 0 

August 0 0 0 0 0 0 0 

September 32158125 7417200 5771250 9335550 8505825 3981600 3095025 

October 52323892,5 11369560 9583650 10973225 12623277,5 5336030 4966122,5 

November 32384925 6319725 5995350 5089800 6921225 2464500 2832075 

December 17558632,5 3459793,75 3257092,5 2574627,5 3756270 1338115 1644085 

TOTAL 378826185 83123096,25 68344260 100028775 95589590 41825135 31027670 

       798764711,3 

Solar radiation [Wh] 
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It is necessary to remark the radiation between half May and half September have not 

been taken into account, due to the high values of the radiation and the useless of the 

heating system during this period. 

To obtain the final result, is necessary to take into account the Solar Factor due to the 

windows. From Table 2: Calculation Factors for Windows according to Solar Radiation 

(Annex VIII: Tables),  

 

Calculation factor 0,8 

  

FINAL RESULTS 639011,769 

Solar radiation [kWh] 
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ANNEX IV: HEAT FROM THE PEOPLE 

 

4.1 INPUT DATA 

 

Buildings Time Inside [hours/day] Time Inside [hours/year] Adults Children 

A 7 1365 40 290 

B 4 780 6 90 

C 9 1755 10 100 

D 7 1365 5 55 

E 9 1755 5 40 

F 11 2145 15 30 

Number of people and time inside the buildings 

 

4.2 CALCULATIONS 

 

Activity W/m
2
 Met 

Reclining  46 0.8 

Seated relaxed  58 1.0 

Standing relaxed  70 1.2 

Sedentary activity (office, dwelling, school, laboratory) 70 1.2 

Car driving  80 1.4 

Graphic profession - Book Binder  85 1.5 

Standing, light activity (shopping, laboratory, light industry)  93 1.6 

Teacher  95 1.6 

Domestic work -shaving, washing and dressing  100 1.7 

Walking on the level, 2 km/h  110 1.9 

Standing, medium activity (shop assistant, domestic work) 116 2.0 

Building industry - Brick laying (Block of 15.3 kg)  125 2.2 

Washing dishes standing  145 2.5 

Domestic work - raking leaves on the lawn  170 2.9 

Domestic work - washing by hand and ironing (120-220 W)  170 2.9 

Iron and steel - ramming the mould with a pneumatic hamer 175 3.0 

Building industry -forming the mould  180 3.1 

Walking on the level, 5 km/h  200 3.4 
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Forestry -cutting across the grain with a one-man power saw 205 3.5 

Volleyball  232 4.0 

Calisthenics  261 4.5 

Building industry - loading a wheelbarrow with stones and mortar  275 4.7 

Bicycling, golf, softball 290 5.0 

Gymnastics  319 5.5 

Aerobic Dancing, basketball, Swimming 348 6.0 

Sports - Ice skating, 18 km/h  360 6.2 

Agriculture - digging with a spade (24 lifts/min.)  380 6.5 

Skiing on level, good snow, 9 km/h; Backpacking; Skating; Tennis 405 7.0 

Handball; Racquetball; Cross County Skiing; Soccer 464 8.0 

Running 12 min/mile 500 8.5 

Sports - Running in 15 km/h  550 9.5 

Metabolic rates for some common activities (EngineeringToolBox.com) 

 

Building Adults activity 

Adult Met. 

Rate Children activity 

Children 

Met. Rate 

Men Surface 

Area 

A Teacher 95 Sedentary activity 70 1,8 

B Standing, Domestic work 116 Seated relaxed 58 1,8 

C Teacher 95 Sedentary activity 70 1,8 

D Teacher 95 Sedentary activity 70 1,8 

E 

Standing, Medium 

activity 116 

Standing, Medium 

activity 116 1,8 

F Gymnastics 319 Gymnastics 319 1,8 

Metabolic Rate [W/m2] and Men Surface Area [m2] (EngineeringToolBox.com) 

 

http://www.engineeringtoolbox.com/persons-heat-gain-d_242.html
http://www.engineeringtoolbox.com/persons-heat-gain-d_242.html
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Finally, using the previous information, the following table has been made:  

 

Building Single adult Single children Total adults Total children 

A 233,415 171,99 9336,6 49877,1 

B 162,864 81,432 977,184 7328,88 

C 300,105 221,13 3001,05 22113 

D 233,415 171,99 1167,075 9459,45 

E 366,444 366,444 1832,22 14657,76 

F 1231,659 1231,659 18474,885 36949,77 

     

   34789,014 140385,96 

     

   TOTAL RESULT 175174,974 

Heat from the people [kWh] 
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ANNEX V: HEAT FROM LIGHTING 

 

5.1 INPUT DATA 

 

Buildings Time Lights On [hours/day] Time Lights On [hours/year] Illuminated Area 

A 12 2340 3492 

B 9 1755 840 

C 12 2340 783 

D 9 1755 420 

E 12 2340 1254 

F 10 1950 858 

Corridor 9 1755 198 

Illuminated area by lights inside the buildings 

 

5.2 CALCULATIONS 

 

Activity 

Illumination 

[lumen/m2] 

Warehouses, Homes, Theaters, Archives  150 

Easy Office Work, Classes  250 

Normal Office Work, PC Work, Study Library, Groceries, Show Rooms, 

Laboratories  500 

Supermarkets, Mechanical Workshops, Office Landscapes  750 

Normal Drawing Work, Detailed Mechanical Workshops, Operation Theatres  1000 

Detailed Drawing Work, Very Detailed Mechanical Works  1,500 - 2,000 

Common and Recommended Light Levels Indoor (EngineeringToolBox.com) 

http://www.engineeringtoolbox.com/light-level-rooms-d_708.html
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Lamp Type 
Emitted Light from The Source 

[lumen/Watt] Lifetime [hours] 

GLS Bulbs  10 _ 15 1 

Low Voltage Halogen  20 2,000 - 5,000 

Mercury Vapor  40 - 60  22 

Fluorescent  50 - 90  more than 7,000 

Metal Halide  70 - 90  
more than 

12,000 

High Pressure 
Sodium  90 - 125  25 

Low Pressure Sodium  120 - 200  20 

Emitted Light from Source (EngineeringToolBox.com) 

 

Finally, using the previous information, the following table has been made:  

 

Buildings Activity [ lumen / m2 ] Lamp Type [ lumen / W ] [ kWh ] 

A Classes 250 Fluorescent 70 29183,14286 

B Dining 150 Bulbs 15 14742 

C Classes 250 Fluorescent 70 6543,642857 

D Classes 250 Fluorescent 70 2632,5 

E Workshop 750 Fluorescent 70 31439,57143 

F Gym 250 Fluorescent 70 5975,357143 

Corridors Archives 150 Fluorescent 70 744,6214286 

      

      

    TOTAL RESULT 91260,83571 

Heat from Lighting [kWh] 

 

http://www.engineeringtoolbox.com/heat-gain-lights-d_709.html
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ANNEX VI: VENTILATION LOSSES 

 

6.1 FORMULATION 

 

  UNITS 

P = (ρ*Cp*AT*n*(1 - η)) / 1000 kW 

 

ρ = density Kg / m3 

Cp = specific heat capacity J / Kg*K 

AT = temperature differences C 

n = flow rate m3 / s 

η = efficiency  

Formulation for ventilation losses 

 

6.2 INPUT DATA 

 

  VALUES UNITS 

Outside Temperature -18 C 

Inside Temperature 21 C 

Air density 1,2 Kg / m3 

Air specific heat capacity 1000 J / Kg*K 

Efficiency 0,7  

Input Data and its Units 

 

The Outside Temperature has been calculated using the Table 1: Meteorology and 

Climatology (Annex VIII: Tables). The Inside Temperature has been calculated as an 

average temperature with a measurement in the self building. 
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6.3 CALCULATIONS 

 

Two different devices have been used to measure the flow rate into the building, the 

VelociCalc Plus TSI (Model 8360-M-S) and the Ventilation Meter Swema (nº 230).  

 

 

VelociCalc Plus 

 

 

Ventilation Meter Swema 
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Ventilation Meter Swema

 

So, the following results have been found using the devices mentioned above and data 

from the company: 

      Supply [l/s] Exhaust [l/s] 

Building System Exchanger Projected Measured Projected Measured 

A LA1 Rotate 8694 7116 8896 8317 

A LA2 Rotate 760 715 735 776 

A LA3 Rotate 574 591 553 520 

A LA4 Rotate 155 155 

        

B VA-6 No 2400 1940 2400 2625 

B VA-7 No 3056 2911 1389 1384 

B VA-8 No 362 388 945 1025 

B FF No 639 652 500 505 

        

C LA1B Rotate 2055 1800 2035 1920 

C LA (South) Rotate 210 210 

C LA (North) Rotate 210 210 

C FTX1 Rotate 45 45 

C FTX2 Rotate 21 21 

        

D LA7 Rotate 1404 1430 1404 1485 

        

E LA8 Rotate 2140 2335 2225 2187 

        

F LA9 Rotate 770 821 720 750 

F LA10 Rotate 720 821 720 840 

Data of the Ventilation in the School 
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Here the results are presented. First of all, the flow rate with the 70% back due to Rotate 

Exchanger. Before the result of the ventilation losses in kWh, the time that the ventilation 

system is working must be taken into account.    

 

[l/s] [m3/s] [kW] Time [h] Time [h/year] [kWh] 

2134,8 2,1348 99,90864 10 1950 194821,848 

214,5 0,2145 10,0386 24 4680 46980,648 

177,3 0,1773 8,29764 10 1950 16180,398 

46,5 0,0465 2,1762 9 1755 3819,231 

      

582 0,582 27,2376 24 4680 127471,968 

873,3 0,8733 40,87044 24 4680 191273,6592 

116,4 0,1164 5,44752 24 4680 25494,3936 

195,6 0,1956 9,15408 24 4680 42841,0944 

      

540 0,54 25,272 13 2535 64064,52 

63 0,063 2,9484 10,5 2047,5 6036,849 

63 0,063 2,9484 9 1755 5174,442 

13,5 0,0135 0,6318 5 975 616,005 

6,3 0,0063 0,29484 24 4680 1379,8512 

      

429 0,429 20,0772 11 2145 43065,594 

  0  0  

700,5 0,7005 32,7834 11 2145 70320,393 

      

246,3 0,2463 11,52684 11 2145 24725,0718 

246,3 0,2463 11,52684 11 2145 24725,0718 

        

    311,14044 254,5 49627,5 888991,038 

Results of the Ventilation Losses 

 



 69 

 ANNEX VII: THE HEAT BALANCE 

 

7.1 FORMULATION 

 

Qsupply = Qheat losses; 

 

Qsupply heat + Qinternal heat generation = 

Qtransmission + Qinfiltration + Qventilation 

 

7.2 INPUT DATA 

 

The table below shows the results found in the previous Annexes.  

 

 A B C D E F Corridor 

Transmission Losses 488859 175414 123153 85181 162471 134580 49796 

Solar Radiation  303061 66498 54675 80023 76472 33460 24822 

Heat from the People 59214 8306 25114 10627 16490 55425   

Heat from the Lights 29183 14742 6544 2633 31440 5975 745 

Ventilation Losses 261802 387081 77272 43066 70320 49450   

 Units: kWh 

 

The present result is out of decimals due to provide a better presentation in this paper. 

This will not affect the accurate of the final result, which is showed below: 

 

 SCHOOL 

Transmission Losses 1219453,767 

Solar Radiation  639011,769 

Heat from the People 175174,974 

Heat from the Lights 91260,83572 

Ventilation Losses 888991,038 

Units: kWh 
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The necessary supply heat used in the Sörbyskolan has been found in the bill of the 

school, thanks to the company Gävle fasthighet. The complete invoice of electricity, 

district heating and hot tap water can be found in the Annex IX: Invoices of the school. 

The supplied heat is an average of consume of the last two years -2006 and 2007-. 

 

 2006 2007 Result 

Supply Heat 1616 1197 1406,5 

Units: MWh 

 

7.3 RESULTS 

 

Remember that the internal heat generation is the sum of the solar radiation, the heat 

from the people and the heat from the lights. 

 

Heat Supply 1406500  Transmission Losses 1219453,767 

IHG 905447,5787  Ventilation Losses 888991,038 

TOTAL 2311947,579  TOTAL 2108444,805 

     

   Infiltration Losses 203502,7736 

Heat due to Infiltration [kWh] 

 

7.4 DISTRICT HEATING BALANCE 

 

Using a time factor of 1400 hours, the table below shows the final results for Transmission 

and Ventilation Losses. 

 

 kW Factor kWh 

Transmission Losses 479,6931425 1400 671570,3995 

Ventilation Losses 311,14044 1400 435596,616 

    

  TOTAL 1107167,016 

Results with a time factor of 1400 hours 

 

To find the hot tap water, is necessary to know the consumption of hot water in the whole 

school, during the year. In the Annex IX: Invoices of the School, the data can be checked. 

http://www.gavlefastigheter.se/bbab/bbab_sida.aspx?id=37
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Also take into account that the use of hot water usually is a third part of the total 

consumption of water.  

 

Total Water Consumption Hot Water Consumption 

3389 1129,666667 

Hot Water Consumption [m3] 

 

7.4.1 Formulation of Hot Tap Water 

 

 UNITS 

P = (m * Cp * At) / 3600 kWh 

  

m = mass Kg 

Cp = specific heat capacity Kj / (Kg * K) 

AT = temperature differences C 

Formulation for Hot Tap Water 

 

 

 VALUES UNITS 

Hot Water Temperature 55 C 

Main Temperature 5 C 

Air specific heat capacity 4,18 Kj / (Kg * K) 

Input Data 

 

7.4.2 Results of Hot Tap Water 

 

  UNITS 

Hot Tap Water 65583,42593 kWh 

Results for Hot Tap Water 
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ANNEX VIII: TABLES 

 

8.1 TABLE 1: METEOROLOGY AND CLIMATOLOGY 
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8.2 TABLE 2: CALCULATION FACTORS FOR WINDOWS 

ACCORDING TO SOLAR RADIATION 

 

WINDOWS TYPE U-VALUE CALCULATION FACTOR 

   

1-glass, normally 5.4 0.90 

2-glass, normally 2.9 – 3.0 0.80 

3-glass, normally 1.9 – 2.0 0.72 

Special glass 1.0 – 1.5 0.69 

2-glass, energy glass 1.0 – 1.5 0.70 
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8.3 TABLE 3: U-VALUES 

 

 



 76 

8.4 TABLE 4: U-VALUES 
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8.5 TABLE 5: U-VALUES 
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8.6 TABLE 6: U-VALUES FOR DOORS AND WINDOWS 
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8.7 TABLE 7: U-VALUES WITH BASEMENT 
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8.8 TABLE 8: DEGREE HOURS FOR ENERGY 

CONSUMPTION 
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8.9 TABLE 9: METEOROLOGY: AVERAGE TEMPERATURE 
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8.10 TABLE 10: SOLAR RADIATION 
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ANNEX IX: INVOICES OF THE SCHOOL 

9.1 ELECTRICITY 
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9.2 DISTRICT HEATING 
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9.3 HOT TAP WATER 
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ANNEX X: PICTURES OF THE BUILDINGS 

 

10.1 BUILDING A: MAIN BUILDING 

 

 

Main Building (view from the courtyard) 

 

 

Main building (Main entry) 
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Main Building (Back side) 

 

10.2 BUILDING B: KITCHENS, DINNING ROOM AND 

ASSEMBLE ROOM 

 

 

View from the courtyard 
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Back 

 

10.3 BUILDING C: CLASSES FOR SIX YEARS OLD CHILDREN  

 

 

View from the courtyard 
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Back 

 

10.4 CORRIDOR BETWEEN BUILDINGS B AND C 

 

 

View from the courtyard 
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Back 

 

10.5 BUILDING D: CLASSES 

 

 

View from the courtyard 
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One of the sides 

 

 

Back 
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10.6 BUILDING E: WORKSHOP AND KITCHEN (TEACHING 

PORPOUSES) 

 

 

View from the courtyard 

 

 

Back 
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10.7 BUILDING F: GYM 

 

 

View from the courtyard 

 

 

Main entry 
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Back 

 

 


