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Abstract 

Nowadays in the world, energy usage effectiveness has always been an issue which blocks people’s development. 

How to effectively use the energy is becoming more and more important. Energy audit can appraise the energy 

usage condition of a building, and come up with improvement advices through systematic calculation and analysis 

the existing problems and reasons for energy wastes, in order to bring the object of effective usage of energy into 

reality. 

HiG student hostel 23 is situated in Gävle, a coastal city in the east of Sweden. There are three floors in Hostel 23, 

the first and second floor have 18 single rooms, 4 double rooms and 2 communal kitchens and the third floor is 

storeroom. The aim of this thesis is to explore indoor climate and energy use for this student hostel and find out the 

reason of the low temperature inside the room, seeking some ways to improve the thermal comfort inside the 

building during winter conditions. 

First, collect date from every part in energy balance by measurement and interview with administrator, then 

calculate and analyze the data. At last, the whole energy balance can be estimated. Through analyzing the whole 

energy balance, the suggestion is to change the window type and design a new ventilation system operating plan. 

Through the optimization, energy loss is reduced, and about 10% of the energy is preserved. Besides this, the 

building infiltration loss is too high through this energy audit; it states there still exists some problems. If these 

problems can be solved, it will be helpful to keep a good thermal comfort inside the building. 
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1. Introduction 

1.1 Energy Problem 

 

With the continuous development of society, people's living standard has seen a steady improvement. While at the 

same time, demand and use of energy is also increasing; every field of life needs energy such as cars, household 

appliances.  

 

Influenced by economic development and population growth, the world's primary energy usage is increasing. In 

1972, World primary energy usage was only 66639TWh. While in 2012, this number has already increased to 

124444TWh, with the average annual growth rate at 1.8% [1]. Fossil fuel is still the world's main energy source, 

accounting for 87.7 percent, which includes oil 37.3%, coal 26.5%, and natural gas 23.9 % (See figure1.1). Non-

fossil energy and renewable energy, although growing rapidly, still remained at low percentage, approximately 

12.3% [1]. Seen from today's world energy use, fossil fuel is still the primary energy in the world, which is still 

devastating to the environment and facing the energy exhaustion.  Development of new energy is not yet mature 

enough, so intensifying the development of new energy and saving energy as much as possible, is currently an 

important and urgent work for human beings. 

 

 

Figure 1.1 World energy usage, 2012 
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1.2 Energy Use in Building 

 

According to DOE(Department of Energy)’s data, almost half of the buildings energy is used for space heating, 

and another 17% is used for water heating, 6% being used for cooling rooms[2]. Almost all of the building energy 

is generated from the combustion of fossil fuels, and excessive use of fossil fuels causes increased amount of 

carbon dioxide emissions, contributing to global warming. To avoid these problems, one should reduce the waste 

of energy in buildings; therefore, how to improve building energy efficiency becomes more and more important. 

 

1.3 Literature review 

 

The book Buildings and Energy-a systematic approach (Enno Abel and Arne Elmroth, 2007) discusses the 

condition of indoor climate and gives a vivid explanation about important climate factors and their definitions. It 

also includes energy balance of residential and non-residential buildings [6], which offers a theoretical foundation 

for this thesis. 

The book Energy: Management, Supply and Conservation (Clive Beggs, 2009) discusses how to make an energy 

audit and the definition of energy audit. Energy audit is a process, which can detect the energy problems of houses, 

improving their comfortability, and optimize the energy usage of existant buildings [9]. Similarly, Ali Alami (2012) 

also has the same opinions. Through an energy audit of an educational building located in Kuwait, people can 

finally save 52% energy usage if all the advices (such as control indoor temperature and turn off HVAC during 

weekends) are taken. At the same time, carbon dioxide emission from building electricity will reduce 648 tons per 

year. In that case, energy audit has a vast potential for the energy saving [8]. On the other hand, it also makes a big 

contribution to the sustainable development of environment and human beings.  

 



 

 3 

 

1.4 Aim of this Audit 

In recent winters, some students complained about the low temperature in student hostel, feeling cold when staying 

inside the room. The purpose of this thesis is to explore indoor climate and energy use for student hostel in the 

University of Gävle and find out the reason of the low temperature inside the room, seeking some ways to improve 

the thermal comfort inside the building during winter conditions. This thesis only applies to the climate of North 

Europe and all the data comes from the year 2012. 

 

1.5 General Information of HiG Student Hostel 23 

The whole building is divided into three floors. On the first floor, there are two staff clean rooms, two double 

rooms, nine single rooms, a public kitchen and a lounge. The second floor and the first floor are similar, but with a 

lack of one staff clean room. There are three dome lights and three refrigerators in the public kitchen. The third 

floor is a storage room, with a total of three dome lights. 

 

1.6 Location of Gävle 

 

Gävle is a seaport city in the eastern part of Sweden, the capital of Gävleborg, which lies 161 kilometers northwest 

of Stockholm, the capital of Sweden (See figure 1.2). The east side of the city is Baltic Sea. Gävle is the oldest city 

in northern Sweden. Gävle has longer daylight hours in summer and shorter hours in winter. The temperature in 

Gävle is similar to that of the central region of Sweden, with average temperature 5 degrees. 
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   Figure 1.2 Location of Gävle 
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2. Theory 

2.1 Energy Audit 

Energy audit is comprehensive assessment for the construction, which can find energy usage in buildings and some 

of the existing problems, so the energy distribution can be more reasonable, it is helpful to save energy. 

Now most of the buildings have energy waste on different levels. Through energy audits, auditor can know exactly 

how much energy enters the building, where they are used [3]. In this way, auditor can minimize energy losses 

without influencing indoor temperature and improve energy efficiency. For users, reducing energy loss means 

saving money; for the world, reducing energy loss is consistent with sustainable development strategy, which is an 

indispensable part of human development. 

For ordinary buildings, energy audit includes many aspects, including energy supply and energy use. 

 

Energy supply: 

Solar radiation through building windows 

District heating 

Internal heat from people and equipment 

 

Energy use and energy losses: 

Transmission heat loss through building envelope 

Heat demand for hot tap water 

Mechanical ventilation loss 

Infiltration loss 
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2.2 Building Envelope 

 

Building envelope refers to the shell to each surface of buildings and rooms, such as doors, windows, walls and so 

on. Building envelope can be divided into two parts, transparent part and opaque part. Those opaque ones include 

walls, roofs and floors, etc., while transparent ones include windows, skylights and balconies. They can effectively 

protect the interior environment of buildings, and resist the bad effects from outside environment. Building 

envelope has four main functions, namely, providing a support structure, controlling water and humidity inside the 

house, adjusting the indoor temperature and controlling the air pressure variation [4]. Therefore, for buildings, a 

good building envelope is very important. 

 

2.3 Indoor Climate 

 

When designing a building, one needs to consider its indoor environment after completion, which includes indoor 

temperature, humidity, air quality, noise, and so on. The longer people stay in a room, the stricter people require for 

indoor climate. A good indoor environment will improve people’s working efficiency and make people 

comfortable. On the contrary, if the indoor environment is worse, it makes people uncomfortable, and will even 

affect people's health. 

 

2.4 HVAC System 

 

HVAC is for Heating Ventilation and Air Condition, which is corresponding system associated with these three 

aspects. By controlling HVAC system, can adjust the indoor temperature and humidity and improve indoor comfort 

level, which is an important part in a variety of large buildings and office buildings.  In Sweden usually do not use 

it to reduce the indoor temperature, because of the high latitude, and annual low temperature[5]. 
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2.5 Energy balance 

 

The energy balance in a system means the same energy input and output[6], in order to form a balance. That is: 

outEE in  

Where, 

inE is energy supply 

outE  is energy use or demand 

Let’s put it in a more detailed way(See figure 2.1): 

plyradiationernalnventilatiowateriltrationsmission QQQQQQQ supintinftran   

Where, 

ontransmissiQ : Heat losses by transmission through the building envelope 

filtrationQin  : Infiltration losses due to air leakage 

waterQ  : Heat losses from hot tap water 

nventilatioQ  : Mechanical ventilation losses 

internalQ  : Internal heat from people and equipment 

iationQrad  : Heat from solar radiation through building windows 

supplyQ  : Heat from district heating 

 

  Figure 2.1 Energy balance sketch 
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2.6 Energy Losses 

 

Energy loss means the heat loss in a building during a particular period of time, including transmission losses, 

mechanical ventilation losses, natural ventilation (infiltration) and hot tap water. 

 

2.6.1 Transmission losses 

 

According to the temperature differences between indoor and outdoor, there will emerge a heat transfer between 

building envelopes. Since indoor temperatures are always higher than outdoor temperatures during the winter time, 

there will be some heat transmitting to the outside through building envelope. The bigger the difference in 

temperature exists, the bigger the transmission losses occur, which are also related to the material and area of the 

building envelopes. 

 

An equation can be used to express the transmission losses is: 

  ）outinii TTAUP (tr  

Where,  

iU  is transmission coefficient for different building materials.  CW 2m/  

iA  is the area of the building envelope.  2m  

inT  is the indoor temperature. 

outT  is the outdoor temperature. 

In order to calculate the energy loss in a given period, we can use: 

   

 

0 0

tr *))((* dtTTAUdtPQ outinii  
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 reeii qAUQ degtr )(  

Where, 

iU  is transmission coefficient for different building materials.  CW 2m/  

iA  is the area of the building envelope.  2m  

reedegq  is the degree-hours (°Ch / year) 

 

2.6.2 Mechanical Ventilation Losses 

 

Ventilation is a process which can change the quality of air in a fixed space indoor and provide high-quality air. 

Mechanical ventilation can control the temperature of outdoor air into indoor to a rational limit. It keeps the low 

concentration of dust, bacteria and carbon dioxide in the indoor air, so that there will be sufficient oxygen, indoor 

air circulation being enough and air stagnation is avoided. Mechanical ventilation is important for a building, and it 

will be always working in order to maintain good indoor climate. So the heating demand of mechanical ventilation 

is very high, which depends on indoor and outdoor environment, ventilation efficiency of the system and working 

time.  

For this, it can be calculated in these ways: 

  )1(*
8760

****,max degsup  
H

qCVVQ reePairplyexhaustMVL  

Where, 

exhaustV  is the volume of exhaust airflow 

supplyV  is the volume of supply airflow 

reedegq  is the degree-hours 

air  is the density of air 

pC  is the heat capacity of air 



 

 10 

  is the efficiency of heat exchanger 

H is working time 

In this case, three tools are used to finish the measurement in different rooms, which are respectively TSI 

VelociCalc plus，SWEMA FLOW 230 and TSI-AccuBALANCE. 

 

  

Figure 4.3 TSI VelociCalc plus 

 

 

Figure 4.4 SWEMA FLOW 230 
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Figure 4.5 TSI-AccuBALANCE 

 

At first, use TSI VelociCalc plus to measure supply air flow and exhaust air flow in aggregate room. Second, use 

SWEMA FLOW 230 and TSI-AccuBALANCE to respectively measure values in various rooms. 

 

2.6.3 Infiltration Losses 

 

Infiltration loss is also called natural ventilation losses, which is the energy lost through small openings or cracks 

in the structure. Because it is the loss through natural way, this part of the heat loss is difficult to obtain by 

calculation. However, we can calculate the infiltration losses through energy balance when we know the values of 

all other parts. 

 

2.6.4 Hot tap water 

 

Hot tap water can be seen as a certain kind of heat loss. Because when people use hot tap water (such as 

showering), distract heating should be used to heat the water. After the usage, this part of heat will be lost. 
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This part of heat loss can be calculated as: 
3600

1
***water TCmQ p   

Where， 

 m ： The mass flow of water (kg/year) 

pC  :  The specific heat of the water ( CkgJ */ ) 

T  : The difference temperature between hot water and normal water 

 

2.7 Energy supply 

 

There are many parts in the energy supply, with the purpose of balancing heat losses, in this way; the indoor 

temperature will be balanced. It includes solar radiation, district heating, internal heat from people and equipment. 

 

2.7.1 Solar radiation 

 

Solar radiation goes into the room through the window, as long as it falls on the solid opaque surface and results in 

the increase the temperature of surface, which will release heat by convection into the room. The main contribution 

of solar radiation is the big influence on heat surplus balance in summer.  

Usually, south-orienting windows have to be shaded in order to refuse more radiation into the building. The 

buildings accepting solar radiation depends on the window type, cloudy factor, shading factor, the location and 

orientation of the building. 

Solar radiation can be expressed by the following formula **rad windowAWQ  Sun factor*Cloudy factor*Days 

Where, 

W is the solar radiation on a vertical surface every month. 

A is the area of the window 

 



 

 13 

2.7.2 District Heating 

Usually, district heating uses water or steam as the medium, providing heat through the heating pipe network to 

users. Typically the heat is generated by the combustion of fossil fuel, but now more and more thermal power 

plants are using biofuels. Only one factory is enough to provide heat to different buildings in the same area. The 

use of district heating system can reduce production costs and improve energy efficiency. In residential building, 

district heating is mainly used by indoor radiator; in addition, hot tap water will also consume district heating. 

 

2.7.3 Internal Heat from People 

 

When a normal person stays indoors, his temperature is about 36 to 37 degrees centigrade, while the room 

temperature is usually lower than this.  Due to the existence of this difference in temperature, there will be a 

process of heat transferring from people into the house, which people can be treated as a source of heat. 

Internal heat from people is relevant to the time people spend in their rooms and the number of people. It can be 

calculated in this equation: 

activitiesrsworkinghouoplenumberofpe WHNQ **people   

The power of activities can be considered as 100W.  

 

2.7.4 Internal heat from equipment 

 

The buildings where we live have a lot of electrical equipment and loads, such as computers, televisions, lamps 

and so on. When running, these electrical equipment will transfer heat to the room; in addition, there will be some 

processes, such as cooking and so on will also produce heat [8]. 

Through the number, model, and operating time of lamps can calculate the value of internal heat; the internal heat 

from other electrical equipment can be calculated in the same way. 
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3. Method 

At the beginning of the energy audit, the data collection process is necessary for the building. The data of this 

building is collected through the interview with Mr. Roland and Mr. Erik [7] including blue print, the U-value of 

difference materials, the consumption of district heating and hot tap water etc. 

It is needed to visit the building sites and also to interview the residents to understand the household sizes and 

electrical usage. In order to get a complete energy balance, there is other data needed to be done by measuring, i.e. 

the size of the building, indoor temperature as well as ventilation conditions. The size of the building was done 

through the measuring the length of this building, the size of the windows and the doors by using the measuring 

tape; after that, data checking is needed. And then, a thermoprobe is needed to measure the temperature of indoor 

room, corridors and public kitchen. Measuring the ventilation of the residence building is very special. It is not 

realistic to measure the ventilation of all different rooms. So just choosing four representative room, first floor and 

second floor each has 2 rooms which windows facing east and west direction, respectively.  Therefore, the overall 

ventilating situation can be estimated. 

Through the result of the calculation of the data collections and analysis, can get the energy loss and energy supply 

of the building; the result is known as energy balance. Analyzing the energy balance, helps to determine the energy 

distribution and find the exist problems of the building, bring several effective ways to solve the problems and give 

the explanations. Finally, a new energy balance is set up. 
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4. Calculation and Result 

4.1 Transmission Losses 

 

In the theory, we have already known the equation of transmission losses: 

 reeii qAUQ degtr )(  

Building envelope includes wall, roof, floor, window, etc. Because there are some differences in U-Value in 

different materials, it needs to measure areas of different materials. Through some measures, can get the following 

results. 

Table 4.1 Area and U-value for different materials  

 Window Roof Door Wall Floor 

Area 109.5 460 10 760 420 

U-

value 

2.95 0.15+15% 2.5 0.2 0.3 

 

Assume that the average temperature outside Gävle is 5 degrees Celsius and the average indoor temperature of 20 

degrees Celsius, thus can get the reedegq  as the answer. See the following image. 

 

 

Figure 4.1  reedegq  of Gävle 
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By the following chart can know more intuitively how   is calculated.. 

 

Figure 4.2 The reedegq  of transmission heat loss 

Finally, we can calculated trQ =85.5MWh.   

Table 4.2 Transmission heat loss 

 Window Roof Door Wall Floor(outside) 

Area 109.5 460 10 760 420 

U-value 2.95 0.15+15% 2.5 0.2 0.3 

reedegq  121300 121300 121300 121300 121300 

Losses 39.18 9.63 3.03 18.44 15.28 

Total     85.5MWh 

 

 

4.2 Mechanical Ventilation Loss 

 

According to theory, the following formula is needed when calculating Mechanical Ventilation Loss: 

  )1(*
8760

****,max degsup  
H

qCVVQ reePairplyexhaustMVL  

Here rotary heat exchanger is used, so   is 0.7, according to Mr. Roland[7]. Because it is residence, operating time 



 

 17 

can be approximately seen as 8760h. The rest that is needed to calculate are the value of supply air flow and 

exhaust air flow. The total supply air and exhaust air is 610 l/s and 663 l/s.  The data of each room can be seen in 

Appendix 3. 

 

In this way, it can be calculated:  

  )1(*
8760

****,max degsup  
H

qCVVQ reePairplyexhaustMVL  

 ）（ 7.0-1*121300*1000*2.1*
1000

610
 = 26.67MWh 

 

4.3 Infiltration Heat Loss 

 

Because infiltration heat loss is the energy lost through small openings or cracks in the structure, while it’s hard for 

us to calculate specific statistics through these small cracks and air circulation. Therefore, it cannot use the normal 

calculation method to get this value, but through the energy balance equation, it can be managed to calculate. 

ventwatertransplyradernalfil QQQQQQQ  supintin  

 = 16.23+7.55+22.7+149.76-85.5-9.82-26.67 = 74.25MWh 

 

4.4 Hot Tap Water 

 

Not all of the water needs to be heated, with only about one third of the water needing to be heated, a temperature 

of which is from 10 degrees Celsius to 50 degrees Celsius. The total consumption of hot tap water was 632.5m³

(632.5*1000kg) in the year 2012, according to Mr. Roland [7]. From this we can be get: 

3600

1
***water TCmQ p   = 1/3*632.5*1000*4190*(50-10)*1/3600 

=9815463.3Wh = 9.82MWh 
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4.5 Solar Radiation 

First, confirm Hostel 23's location and orientation, the latitude of which is about 60 degrees. See the following 

images. 

 

Figure 4.6 Student hostel 23 

Places with windows can be approximated as four directions, namely, S60, W150, E-30, and N-120. 

Having known the location and orientation can learn the monthly solar radiation on a vertical surface radiation. See 

the following image. 

 

Table 4.3 Monthly solar radiations on a vertical surface radiation 
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Glasses of Hostel 23 glass used 2-glass, normally and U-value is 2.95, sun factor is 0.8. 

 

 

    

   Table 4.4 U-value and sun factor for different windows type 

 

 

Finally, calculate the area of the window and cloudy factor 

 

Table 4.5 The area of the windows 

 S60 W150 E-30 N-120 

area 37.5 2m  7.5 2m  7.5 2m  39 2m  

 

    Table 3.6 Cloudy factor of Gävle 

 

 

Thus, the supply heat from solar radiation from four directions respectively can be found.  

As it seen from the figure above, supply heat in N-120 and S60 directions account for 82.5%. And there is a total 

of 22.7MWh supply heat from solar radiation (See tables 4.7-4.10). 
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Table 4.7 Heat from solar radiation (S60) 

Month W (S60) area Sun factor Cloudy 

factor 

Days Free heat (Wh) 

1 1440 37.5 0.8 0.45 31 602640 

2 2900 37.5 0.8 0.49 28 1193640 

3 4520 37.5 0.8 0.58 31 2438088 

4 5850 37.5 0.8 0.58 30 3053700 

5 6150 37.5 0.8 0.63 15 1743525 

6 6350 37.5 0.8 0 0 0 

7 6280 37.5 0.8 0 0 0 

8 5850 37.5 0.8 0 0 0 

9 4820 37.5 0.8 0.58 15 1258020 

10 3570 37.5 0.8 0.51 31 1638630 

11 1910 37.5 0.8 0.42 30 721980 

12 1060 37.5 0.8 0.43 31 423894 

Total      13.07MWh 

 

Table 4.8 Heat from solar radiation (W150) 

Month W 

(W150) 

area Sun factor Cloudy 

factor 

Days Free heat (Wh) 

1 130 7.5 0.8 0.45 31 10881 

2 370 7.5 0.8 0.49 28 30458.4 

3 900 7.5 0.8 0.58 31 93960 

4 1990 7.5 0.8 0.58 30 207765 

5 3050 7.5 0.8 0.63 15 172935 

6 3870 7.5 0.8 0 0 0 

7 3510 7.5 0.8 0 0 0 

8 2380 7.5 0.8 0 0 0 

9 1230 7.5 0.8 0.58 15 64206 

10 530 7.5 0.8 0.51 31 50275.8 

11 200 7.5 0.8 0.42 30 15120 

12 80 7.5 0.8 0.43 31 6192 

Total      0.65MWh 

 

Table 4.9 Heat from solar radiation (E-30) 

Month W (E-30) area Sun factor Cloudy 

factor 

Days Free heat (Wh) 

1 2360 7.5 0.8 0.45 31 197532 

2 4280 7.5 0.8 0.49 28 352329.6 
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3 5740 7.5 0.8 0.58 31 619231.2 

4 6370 7.5 0.8 0.58 30 665028 

5 5980 7.5 0.8 0.63 15 339066 

6 5820 7.5 0.8 0 0 0 

7 5820 7.5 0.8 0 0 0 

8 6070 7.5 0.8 0 0 0 

9 5760 7.5 0.8 0.58 15 300672 

10 4960 7.5 0.8 0.51 31 470505.6 

11 3040 7.5 0.8 0.42 30 229824 

12 1770 7.5 0.8 0.43 31 141564.6 

Total      3.32MWh 

 

Table 4.10 Heat from solar radiation (N-120) 

Month W(N-120) area Sun factor Cloudy 

factor 

Days Free heat (Wh) 

1 160 39 0.8 0.45 31 69638.4 

2 640 39 0.8 0.49 28 273960.96 

3 1720 39 0.8 0.58 31 964878.72 

4 3320 39 0.8 0.58 30 1802361.6 

5 4460 39 0.8 0.63 15 1314986.4 

6 5230 39 0.8 0 0 0 

7 4910 39 0.8 0 0 0 

8 3720 39 0.8 0 0 0 

9 2200 39 0.8 0.58 15 597168 

10 1010 39 0.8 0.51 31 498204.72 

11 270 39 0.8 0.42 30 106142.4 

12 90 39 0.8 0.43 31 37430.64 

Total      5.66MWh 

 

 

 

Figure 4.7 Heat from solar radiation of each side of windows 



 

 22 

 

4.2 District Heating 

District heating is the main way of supplying heat to buildings, especially in winter, when there is a great demand 

for district heat. In contrast, there is a relatively small demand for it in summer. In this case, the consumption of 

district heating of student hostel is 208 kWh per square meter was informed [7], according to Mr. Roland. By a 

rough estimate, total area that needed heating of hostel 23 is 720 2m . Therefore, the total district heating of student 

hostel 23 in 2012 is 149.76 MWh.  

 

4.3 Internal Heat from People 

 

There are four double rooms, 18 single rooms in the student hostel 23, so the number of the adults can be estimated 

at 26. Assume that each person stays at home for 12 hours a day, it can be calculated: 

55.7100*12*242*26people Q MW h. 

 

4.4 Internal Heat from Equipment 

 

In everyday life, there will be many appliances at work generating free heat. A wide range heat and some of the 

heat generated can negligible, so here we only consider the lights, computers and refrigerators. 

Since each person has different preferences, it is likely that they will use different type and model lamps. Assume 

that every single room has three light bulbs, and each double room has five light bulbs with every power being 

60W, working six hours a day; in addition, there are 3 light bulbs in both communal kitchen and entrance. 

See the Following Images 
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Table 4.11 The number of bulbs 

 Single room Double room Communal kitchen Entrance 

bulbs 54 20 2 1 

 

Then, it can be calculated: LQ numbers*power*hours=77*60*242*6=6.71MWh. 

 

Each communal kitchen has two communal fridges, and each double room has a fridges; that’s eight in total. 

Fridge has been in operation for 24 hours a day with the power of 140W. 

rQ Numbers*power*hours=8*140*242*24=6.5MWh. 

 

Assuming that each person has an average of one computer, and that’s a total of 26,   the power of which is 80W, 

with working six hours a day. 

cQ Numbers*power*hours=26*80*242*6=3.02MWh. 

 

In total  cL QQQQ r  6.71+6.5+3.02=16.23MWh. 

 

Figure 4.8 Internal heat from equipment 

 

4. 5 Results 

Via the calculation above, can get a whole energy balance. See the following figure. 
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Figure 4.9 Energy balance 

 

 

Table 4.10 Energy balance 

Energy supply  Energy losses  

Solar Radiation 22.7(11.57%) Transmission Loss 85.5(43.57%) 

Internal heat from 

people 

7.55(3.85%) Mechanical 

Ventilation Loss 

26.67(13.59%) 

Internal heat from 

equipment 

16.23(8.27%) Infiltration Loss 74.25(37.83%) 

District heating 149.76(76.31%) Hot Tap Water 9.82(5.01%) 

Total 196.24MWh  196.24MWh 

 

From the figure above, the district heating still offers the most heating, which is 149.76MWh. The infiltration loss 

is being outside the normal range, it shows the building has some problems, for example, the cracks in the building. 

While transmission loss lost the most heating: 85.5MWh. And mechanical ventilation ranks the third: 26.67MWh. 

In the following section, we will pay attention to solving the issues in these two aspects, trying to minimize heating 

loss to a great extend in order to improve the temperature of the room, in this way we can provide people a more 

comfortable life environment to live in.  
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5. Discussion 

Through the above calculation can get the energy balance in student hostel 23. In this part, to make an optimization 

and an improvement to this in order to minimize energy loss are necessary, so that can helps to create a good 

indoor environment.   

 

Energy losses mainly focus on transmission loss and mechanical ventilation loss, accounting for 57.16%. Reducing 

these two kinds of losses can save resources, as well as improving the thermal comfort inside the building during 

winter conditions.  

 

5.1 Increase the Insulation of Building Envelope  

The figure below shows us the transmission loss calculated from heating reduction in different materials. It shows 

there is more heat losses from windows, it is accounting for 46%. In this way, it can reduce their U-value by 

changing the window types on the purpose of reducing heat loss. For the other parts, because of their relatively 

small heat loss or high difficulty increasing insulation, it can be neglected. 

 

 

Figure 5.1 Transmission losses through building envelope 
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5.1.1 Improving Window 

 

Total area of the windows is 109.5 2m . Glasses of Hostel 23 glass used 2-glass, normally and U-value is 2.95. U-

value of window of this kind is too high, and we can substitute it as 3-glass, normally, with U-value being 1.95. At 

this time, transmission loss through window is 25.9MWh. See the following table. 

 

Table 5.1 Transmission loss through the window 

Window Area U-value 
reedegq  Losses 

Transmission 

loss 

109.5 2.95 121300 39.18 

Loss after 

insulation 

109.5 1.95 121300 25.9 

 

 

There is another one thing we need to pay attention to: that is when glass changes from 2-glass, normally to 3-glass, 

normally, calculation factor reduces from 0.8 to 0.72, thus there will also be some tiny changes in solar radiation, 

from 22.7MWh to 20.43MWh.  

 

Table 5.2 New solar radiation  

 S60 W150 E-30 N-120 Total 

Before change 

the windows 

13.07 0.65 3.32 5.66 22.7 

After change 

the windows 

11.76 0.59 2.99 5.09 20.43 

 

5.1.2 New Transmission Loss 

 

Through the optimization to wall and window, we get a new transmission loss.  

Table 5.3 New transmission heat loss 

 Window roof door wall Floor(outside) 

area 109.5 460 10 760 420 
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U-value 1.95 0.15+15% 2.5 0.2 0.3 

reedegq  121300 121300 12130

0 

121300 121300 

losses 25.9 9.63 3.03 18.44 15.28 

total     72.28 

 

Transmission loss reduces from 85.5MWh to 72.28MWh. This part of reduction helps to keep the indoor 

temperature to a more comfortable limit, as well as reduce the demand for district heating.  

 

5.2 Improving Ventilation System 

 

In 2012, mechanical ventilation loss value was 26.67MWh, accounting for 13.59% in energy losses. This is 

because ventilation system works for 24 hours a day, which is a too long time period for working, while this is not 

necessary when people go out in daytime. Through to design a new ventilation system operation plan, it helps to 

reduce its operating time, operating power, and energy loss. 

 

Table 5.4 New ventilation system operating plan 

Time Operating power 

6:00-8:00 70% 

8:00-20:00 50% 

20:00-22:00 70% 

22:00-6:00 100% 

 

By using new ventilation system operating plan, ventilation system operating power is reduced at daytime when 

people go out. In this way, a good living environment is kept, at the same time, energy loss is reduced. The new 
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mechanical ventilation loss can be calculated, it is 18.68MWh, which is 70% of the previous value(See table 5.5).  

 

Table 5.5 New mechanical ventilation loss  

 6-8 8-20 20-22 22-6 Total 

Before change 

the windows 

2.2225 13.335 2.2225 8.89 26.67 

After change 

the windows 

1.56 6.67 1.56 8.89 18.68 

 

 

5.3 Improved Energy Balance 

By the improvement to window and ventilation system, transmission loss and mechanical ventilation loss show a 

distinct reduction. About 10% of the energy is preserved, and demand for district heating reduces from 

149.76MWh to 130.82WMh. 

 

Table 5.6 Improved energy balance 

Energy In  Energy Out  

Solar Radiation 20.43 Transmission Loss 72.28 

Internal heat from 

people 

7.55 Mechanical 

Ventilation Loss 

18.68 

Internal heat from 

equipment 

16.23 Infiltration Loss 74.25 

District heating 130.82 Hot Tap Water 9.82 

Total 175.03MWh  175.03MWh 
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6. Conclusion 

Through the calculation above, the energy balance in student hostel 23 is known. Main energy loss focuses on 

transmission and mechanical ventilation, accounting for a total of 57%. After the optimization, this figure shows a 

distinct reduction. The main energy supply comes from district heating. In 2012, the total demand was 

149.76MWh, accounting for 76% energy supply, which reduced to 130.82MWh after optimization. 

  

The suggestion is to change the window type, from 2-glass, normally to 3-glass, normally, and transmission loss 

through window reduces from 39.18 MWh to 25.9MWh. Although the change of window type also leads to the 

decrease in sun factor, thus influencing heat from solar radiation, these influences are too small to notice. Another 

suggestion is to use a new ventilation system operating plan, reducing ventilation system operating power when 

people go out during the daytime. The new mechanical ventilation loss is 18.68MWh, which is 70% of the 

previous value. Through the above optimization, energy loss is reduced, and about 10% of the energy is preserved. 

Besides this, the building infiltration loss is too high through this energy audit; it states there still exists some 

problems. If these problems can be solved, it will be helpful to keep a good thermal comfort inside the building. 
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Appendix 

Appendix 1. View of building location  

 

Figure 1.1 View of building location  

 

Figure 1.2 The appearance of Hostel 23 
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Appendix 2. Transmission losses 

 

Figure 2.1 reedegq  value of Gävle 
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Figure 2.2 Outdoor temperature of  Gävle 

 

 

Appendix 3. Ventilation 

 

Table 3.1 The result of measurement of floor 1 

Room Supply air (l/s) Exhaust air (l/s) 

1011 54 50 

1012 52 53 

1013 28 30 

1014 27 31 
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1015 28 32 

1016 No data No data 

1017 29 29 

1018 27 30 

1019 31 35 

1020 28 31 

1021 No data No data 

Total 300 317 

 

Table 3.2 The result of measurement of floor 2 

Room Supply air (l/s) Exhaust air (l/s) 

1111 57 61 

1112 51 57 

1113 29 34 

1114 31 31 

1115 No data No data 

1116 28 33 

1117 28 29 

1118 29 33 

1119 No data No data 

1120 30 36 

1121 31 34 

Total 310 346 
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Appendix 4. Solar radiation 

   
 

 

Table 4.1 Monthly solar radiations on a vertical surface radiation 
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Figure 4.1 Angles of orientation 
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Figure 4.2 U-value and sun factor for different windows type 
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Figure 4.3 Cloudy factor of Gävle 

 

 

Table 4.2 U-value and sun factor for different windows type 
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