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ABSTRACT 

 

The building was selected for a detailed study of heating consumption that is 

located in the city of Gävle and the top fifth energy consumption in this city in 

2006. Classrooms, workshops, offices and a restaurant with kitchen compose 

the building of two floors. 

 

The aim of this thesis is to design the best approach to reduce consumption 

and achieve a high efficiency of energy utilization in these companies. The 

project is going to optimize the system. 

 

Series of measurements are taken to achieve the heat losses. The heat losses 

are calculated through the building in the first step. Afterwards, with the result 

of ventilation, heating and electrical usage an energy balance is made to 

calculate the efficiency of the installation through the building envelop. 

 

It is to study the indoor climate within a building, as well as energy 

consumption for the entire building. In addition, it is also used to measure the 

temperature of ventilation systems and check the schedule of air supply. 

 

Analyze the result of the value that is measured. Improve some part of this 

building that reduces the heating consumption.  

 

At last give some suggestion like construction a new roof reduce the heat loss 

and change some door that is not correct in the building.  
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1. Introduction 

 
1.1. Energy problem 

Life is impossible without energy. We are so caught up in the fight to get 

the resources to convert to the types of energy we want (i.e. electrical), that we 

have failed time and time again to see the destruction we are causing by 

serving the world electricity from the other necessary forms of energy. This is 

creating a disturbance in the balance between these forms of energy. Think, 

what happens to chemical, nuclear, or even thermal and kinetic energy if it is 

all transformed to electrical energy? Naturally, it will try to balance itself out 

again, but what will happen when it does? Ever see water slosh about in a 

container trying to level itself out? There will be that same effect with energy. 

Major fluctuations of the various forms of energy will occur. It may already 

have started. Look at the tsunami incident, or number and strength of 

hurricanes this season, or even the earthquakes that shook Pakistan and Iraq. 

I'll even bet this will be one of the coldest winters we have seen in decades.  

 

In the future it will not be possible to continue with the same system of 

energy production, distribution and consumption that has underpinned the first 

world countries in the past century, therefore the current energy model is 

unsustainable. For this reason it is necessary that we replace it with a new 

model based on renewable energy sources and more efficient consumption. 

Moreover, the energy situation depends upon limited resources, where 80% of 

production is based on fossil fuels, for example coal and oil. These sources 

have become scarce and costly, causing insecurity in terms of supply, and 

possible economic tensions. Finally, the model involves environmental impact; 

one example is the emission to the atmosphere of carbon dioxide that causes 

the “climatic change”. 
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For replacing this unbalanced model, a new culture of sustainable energy 

is needed; In order to substitute the unbalanced model, it is necessary to build 

a new  s ustainable energy c ulture. B y c onserving energy an d r educing 

emissions, the new culture can change the current habits in energy production, 

distribution and c onsumption, i ncrease t he ener gy ef ficiency, an d m eet the 

demand for sustainable energy  

 

On the other hand, it is also necessary to achieve true energy efficiency. 

The consumption model in the developed countries is extremely wasteful. To 

put it simply: a lot of more energy is used than is actually needed. The energy 

demand in the first world countries goes up constantly. Energy consumption in 

countries such as India and China also increases notably in recent years 

 

1.2 The important of energy conservation  

 

Energy conservation i s saving energy. For  example when we turn of f a  

light, we’re conserving energy.  

 

Energy ef ficiency [1] also is t he one of  i mportant p rocess f or s aving 

energy because it is focus on t he energy efficiency of products that’s means 

don’t waste energy. For example ordinary l ight bulbs the heat turns into heat 

so t he ener gy w asted. An ener gy ef ficient l ight bul b t urns al most ener gy o f 

electricity to light not waste it to heat. 

 

It is very important to save energy because energy isn’t free and unlimited. So 

everyone need pay for the energy use that means save energy is save money. 
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Wasting ener gy i s al so not  c onducive t o t he env ironment. Many f orms of  

energy we rely on, such as coal and natural gas, etc. are non-renewable. Once 

they are used up, they are gone forever. On the other hand, most of the energy 

would cause pollution. 

 

So the more energy we save, the more money we save, and the more beautiful 

our Earth is. 

 

 

1.3 Energy audit 

Energy audit [2] refers to inspect, investigate and analyze the building, process 

or system’s energy flow to find out their energy dynamics. Generally speaking, 

the purpose of energy audit is to check up whether it is possible to reduce one 

system’s energy consumption without influencing the final output. If the object 

under audi t i s a bui lding i n us e, t he m ain purpose of  audi t i s to r educe the 

energy c onsumption, k eep or  i mprove t he r esidents’ c omfort and guar antee 

their health and security at the same time. Besides simply looking for how the 

energy i s us ed, t he aim of  en ergy audi t i s al so t o opt imize t he ener gy 

consumption i n or der to ac hieve t he upper most c ost performance and s ave 

energy. 

 

To institute the correct energy efficiency programs, first, you have to know 

which areas in your establishment unnecessarily consume too much energy, 

e.g. which i s t he m ost co st-effective t o i mprove. A n ener gy au dit i dentifies 

where energy is being consumed and as sesses energy saving opportunities. 

So you get to save money where it counts the most.  

 

Usually, ener gy audi t has  three m ain par ts; i t c an s top a t any l evels. I f 

analyses stop in part two and three, it mean that it contain the previous parts. 
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The main levels could be included in the process of energy audit: 

1. Based on the historical data on use of energy and visual inspection of 

the facility and operating equipment. The results are measures to reduce the 

cost of the energy. 

2. It is to analyze the energy saving that it is energy efficiency 

opportunities and quantifies. It would be interesting to seek the probable 

reasons behind the energy balances. 

3. Some of the energy conservation [3] measures and facility 

improvements could be performs facility analysis in this level. It is necessary to 

give the results when some of the measures are applied to achieve these 

results. 

Some specific software could be in the each level of energy audit. 

 

The energy balance and the relation between the different heat flows are 

very complicated. For this reason, it is difficult to estimate the effects of 

different measurements. 

 

The parameters that could be measure in the energy balance can be 

cursory divided in some groups: 

1. Transport of energy through the building envelope: 

- Transmission losses through walls, roof, floor, windows and 

doors 

- Heat transmission due to infiltrations 

- Solar radiation through windows. 

2. Activities and equipments that generate internal heat: 

- Heat from people 

- Heat from light, computers and all of equipments 

3. Energy delivered to achieve the required indoor climate: 
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- Heat supply and loss  

- Ventilation. 

- Hot water heating. 

 

Although all the parameters have not got the same importance, some of 

them are relatively small; all of them have been taken in consideration when 

running the energy audit. 

 

The energy balance depends on heating side and cooling side. Several 

parameters will be involved with the energy balance, such as air flow, light, 

wall and roof, etc. 

 

The parameters can be subdivided in groups, which can be shown as 

below: (table 1.1) 

Table 1.1 

 

Building Envelope 

Internal Heat 
generation sources 

Building services 
System 

HVAC systems 
Domestic hot water production 
Production units 
(Boilers, heat pumps, etc)  

Lighting 
People 
Equipments/appliances 

Windows 
Walls 
Doors 
Roofs 
Floor 
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The measurement of the energy balance in a building, since those 

parameters will vary with the change of the time, the time schedule should be 

taken into the consideration. 

 

It is important to find how many lights installed and their power. The result 

must be different between day and night, working days and the weekend, 

ordinary days and holidays. Solar radiation and outdoor temperature vary 

among different seasons, in different days, and even between day and night. 

 

It is the same case for the measurement of other parameters. 

 

Thus, energy audit it should contain data from different days and different 

hours. Usually, an energy balance includes daily, weekly and annual 

variations. 

 

On the other side, the energy saving measurement is required in the 

process. There is always an internal generation of heat, including solar 

radiation from the widows, heat from the people in the room, and heat 

generated by lighting and equipments, and transmission heat from the 

surfaces of the floor, walls and ceiling. 

 

Using energy audit to seek to optimize the energy use, and it according 

to the greatest opportunities to least cost effective for energy saved. 
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1.4. Location 

The building is located in the city of Gävle. Gävle is the 15th

The building is in the central neighborhood of Gävle. It is delimited in the north 

is Jägargatan, in the south by the street Lerduvevägen, in the west by 

Skogmrsvägen and in the east by Falkvägen(Fig 1.2). The building has 

entrances in these four parts. 

 city of Sweden 

in size with 92.000 inhabitants, capital of the province of Gävleborg. It is 

located in the east coast of the Baltic Sea, around 180 km north of Stockholm.  

 

Fig1.2 Skogmursskolan  (Roland Forsberg, Sweco Theorells AB. He offers some 

important information in the thesis)  

 

1.5 Composition 

Skogmursskolan is divided in ten parts with each a different number of 

floors each one. Below you will find an illustration of the six parts (Fig 1.3): 
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                   Fig 1.3 Parts of Skogmursskolan 

 Part 1 Offices: 

In the building of part 1, in floor 1 and 2 have offices. These are be used by 

administration. 

 Part 2 Workrooms 

In this building include 3 kinds of workrooms. One of service rooms, the room 

of wash car and room of sell bicycle. All of this servicing, it can to be outside. 

 Part 3 Rest rooms: 

In this part, it has some washrooms and restrooms. It is supplied place to 

discussion for teachers and students in rest rooms. 

 Part 4 Dining room: 

In the floor one and two have dining rooms. From 11:00 ---14:00 students and 

teachers have their lunches here. But in others times, dining room of first floor 

also have coffee. 

 Part 5 Classrooms 

In this building of part 5 have some classrooms. It is open time 9:00--- 15:00.  
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1.6. Aim 

The aim of this thesis is to design the best approach to reduce 

consumption and achieve a high efficiency of energy utilization in these 

companies. The project is going to optimize the system. 

 

1.7 Measure instruments 

In order to find this problem of building and optimise this building, we can 

measure and calculate it. About measure, we can use these tools. 

 

1.7.1 Swema 

It is used for measure air flow rate of supply air and exhaust air. Normally, 

it is used for measure the small size of intake, for example: the intake of 

kitchen and WC. 

 

Fig 1.4 Swema 

1.7.2 Accubalance 

The function is the same as Swema, but it is just for the big size of intake. 
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Fig 1.5 Accubalance 

1.7.3 HILTI 

It can be used for measure the high, width and length by its infrared; also it 

is possibility to calculate area and volume by HILTI 

 
Fig 1.6 HILTI 

1.7.4 TSI  

It can be used for measure the point air flow rate, it is also used for 

measure the air flow rate of pipe, but it should be measured five times that is 

depending on the size of intake and calculate the average air flow rate to 

achieve the accurate figure. And it is measure the pressure of airflow 
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Fig 1.7 TSI 

1.8 Plan 

According to the factor of energy balance, we need five steps: analysis, 

measurement, calculation and suggestion of saving energy. 

 

1.8.1 Analysis 

In this case, we received some information from Roland, for example: 

historical data on use of energy, location and so on. We can use the energy 

audit to analyze this building of saving energy. 

 

We have to know which areas in our establishment unnecessarily consume too 

much energy and how many operating equipment in this building. 

 

And then to analyze the energy efficiency opportunities and quantifies. It would 

be interesting to seek the probable reasons behind the energy balances. 

  

1.8.2 Measurement 

The energy balance comprise the heat in and heat out. Heat in include 

District heating, Solar radiation and Free heat. Heat out include Ventilation 

heat loss, Infiltration heat loss, Transmission heat loss and Hot water.  

In this part, we need to measure area of building and air flow rate of 

supply air and exhaust air. 
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Heat out: 

We can use the HILTI to measure the high, width and length by its 

infrared. And measure how many lights, computers and people in this building 

Heat in: 

These tools are TSI, Accubalance and Swema that can measure air 

flow rate of supply air and exhaust air. Also we can use the TSI to measure the 

temperature from outdoor and indoor.  

 

1.8.3 Calculation 

According to the data from measurement and formula to calculate these 

parameters, it will vary with the change of the time. Others, we should to 

considerate different data from different days and different hours. Usually, an 

energy balance includes daily, weekly and annual variations. 

 

And another important that is an internal generation of heat, including 

solar radiation from the widows, heat from the people in the room, and heat 

generated by lighting and equipments, and transmission heat from the 

surfaces of the floor, walls and ceiling. 

 
1.8.4 Suggestion 

Base on the result of calculation, we can seek to optimize the energy use 

and it according to the greatest opportunities to least cost effective for energy 

saved that total is 919MWh. 

 

 

 

 

 



17 
 

2. Theories 

 
2.1 Indoor Climate  

 

Fig 2.1 Indoor Climate  

Indoor climate [4] refers to thermal environment and air quality that know 

the environment of the building like how much energy loss in the building then 

set HVAC in the building. HVAC is an acronym that stands for “heating, 

ventilation and air conditioning”. [5]  

 

 

 

2.1.1 Ventilation 

The ventilation system is the movement of air from outside the building to 

the inside. The ventilation system use energy to heating and pump. And heat 

exchanger can recover heat energy from the exhaust in the ventilation 

systems. There have two kinds of ventilation systems “Natural ventilation” 

and “Mechanical or forced ventilation” 

 

Gains Losses 
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Natural ventilation is the process of supplying and removing air through an 

indoor space by natural means. There are two types of natural ventilation 

occurring in buildings: wind driven ventilation and stack ventilation. 

Mechanical ventilation removes the air, steam, carbon dioxide, outside. 

This kind of ventilation usually used at kitchens, bathroom, and the room of 

wind tight.  

 

For the ventilation, there have some heat exchanger. Different heat 

exchanger has different efficiency. There have two kind of heat exchanger, 

one of plate and another is regenerative. 

 

Plate heat exchanger: slightly-separated plates that have very large 

surface areas and fluid flow passages for heat transfer. This stacked-plate 

arrangement can be more effective, in a given space, than the shell and tube 

heat exchanger.  

 

Regenerative heat exchanger: the heat from a process is used to warm 

the fluids to be used in the process, and the same type of fluid is used either 

side of the heat exchanger. These exchangers are used only for gases and 

not for liquids. The major factor for this is the heat capacity of the heat 

transfer matrix. 

 

2.1.2 HEAT RECOVERY 

The recovery can recover the heat form exhaust air in the ventilation and 

use to heat the supply air than the energy cast will decrease in this part. 

Normally the energy can be saved about 50% to 80%. 

 

http://en.wikipedia.org/wiki/Plate_heat_exchanger�
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Mechanical ventilation system is bringing fresh air in to house and remove 

dirty air to outside. Heat Recovery Ventilator (HRV) is a system which pulls 

fresh air into the house and pushes stale air out of the house under fan 

pressure. HRV provide fresh air and improved climate control, while also 

saving energy by reducing the heating (or cooling) requirements 

 

About heat recovery system, every two hours, it must be change the air in 

the property at least once and it 

 

filtered fresh air to creating a health indoor 

environment. Heat recover ventilation system recovers 60% - 70% of heat 

normally lost through trickle vents and other breakout points in the building 

structure. System can recover 70 %( cross flow) 80% (rotary wheel) or 90% 

(counter flow).  

Heat recovery is one of the basic measures for reducing the need of heat 

is to recover it from exhaust air for warming or cooling of supply air. Heat 

recovery by return air is done by mixing the supply air with a pan of the 

exhaust air. This part is returned by means of dampers. The amount of air 

return is expressed by the return air factor K: 

K =
Vreturn

Vs
=

Vs − Vo

Vs
 

Vo  

V

is the outside flow 

s  

V

is the total supply flow. 

return  

 

is the exhaust flow that is returned 

The total content of heat in the air is given by the enthalpy of the air. The 

heat balance can be expressed as follows: 
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V0ρh0 + Vreturn ρhe = ρhrec   

V0 = Vs − Vreturn  

If there is no generation of humidity in the building, and the supply air is 

not humidified or dehumidified, the enthalpy close to the product of the 

specific heat capacity and the temperature. 

Trec = To + K ∗ (Te − To) 

 

2.1.3 Radiator 

Radiators are compensating the losses through the walls and roof of 

building. Usually, the radiators are always installed under the windows in the 

each room. There have three ways to distributed: 

Convection: warm air is moved from the surface of the radiator to other 

areas in the room. Air with high temperature moves upward due to density 

difference and put back cold air. Energy transfer by bulk or macroscopic fluid 

motion; large numbers of molecules are moving in aggregate (Fig 2.2) 

  

 

Fig 2.2 Convection on a heated surface 

 Conduction: Transfer of energy from more energetic to less energetic 

particles of a substance due to interactions between particles. The 

simplest conduction heat transfer can be described as “one dimensional 

Heated 

 

Bulk fluid 
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heat flow” depicted in Figure below. Heat transfer due to the direct contact 

of the air and the radiator. The system is provided to the correct measures 

of security.(Fig 2.3) 

 

Fig 2.3 heat flow 

 

 Radiation: Direct heating is based on waves travelling from a warm surface 

to a cooler one without direct contact. 

 

2.2 Energy balance 

Energy can never be destroyed or consumed, but only converted. The 

total quantity of energy used must therefore always be balanced by a 

corresponding quantity of energy supplied. An energy system can be 

represented by two sides: supply and use. Energy balance is measured with 

the following equation: Energy out = Energy in.  

 

Heat in 

Heat 

 

Face 1 

Face 2 

L 



22 
 

Energy balance and indoor climate will be affected by structure and 

design of the buildings, activities goings on in the building, outdoor climate and 

the technical systems that provide the required indoor climate [6] [7] 

 

2.2.1 Energy out 

Energy out include transmission and ventilation and infiltration. 

 Transmission: the heat loss due to different temperature between indoor 

and outdoor the transit the doors, windows and roof. The equation is: 

Ptr = ∑Ui ∗ Ai ∗ (Tin − Tout ) 

- U is the global transmission coefficient, 

- A is the area which the heat goes through to the exterior and  

- (Tin – Tout

 Qtr = ∑U ∗ A ∗ ∫(Tin − Tout )dt 

) is the temperature difference between indoor and 

outdoor. 

     = ∑U ∗ A ∗ Qdegree  

 Infiltration heat loss: Due to heat transmission and air infiltration through 

the building envelope, like outside walls windows doors and the roof. The 

equation is: 

Qi = Vi ∗ ρ ∗ Cp ∗ qdegree  

Vi is the airflow due to infiltrations(m3/s) 

ρ is the density of air (Kg/ m3) 

Cp   is the specific heat capacity of air (J/Kg.ºC) 

 Ventilation heat loss: Ventilation system is exchange the outside and 

inside air to get to fresh air in the house. It can be described and calculated 

by the equation: 

Pven = Vven ∗ ρ ∗ Cp ∗ (Tin − Tout ) 
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Qven = Vven ∗ Cp ∗ Qdegree (1 − η) 

- Vven  is air flow rate due to ventilation 

- ρ is density of air 

- Cp  is specific heat of air 

 

2.2.2 Energy in 

In building, there have some kinds of energy to transfer. Some of them 

are needed to pay and some of them are free to use. 

District Heating: District heating is system of provides heat and consume 

by heaters in the ventilation system and radiators in the house (Fig 2.4) 

 

 

Fig 2.4 District heating demand in ventilation system 

 

Storage of heat in the building structure:  

Heat is stored in the building structure if the room temperature varies; the 

building structure absorbs heat when the room temperature increases and 

emits heat when the temperature decreases.  

When the outdoor temperature varies that the corresponding variations of the 

heat flow through the envelope are slowed by the temperature inertia of the 

envelope mass.  

 
 
   Zones 

Heat consuming 
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The surfaces of the room absorb the heat of people light computer that 

stored in the structure and emitted afterwards.  

The solar radiation passing through windows has to be absorbed in floors, 

walls that affect the heat balance of the room. 

 

Internal generation of heat:  

Some of factor can be influence the internal generation of heat. 

- Due to solar radiation through the windows, heat emission into the room, 

heat from floor and walls of house. 

- Heat from the people in the room. 

- Heat also from the lighting and equipments. 

There have some exchange of heat between air of room and the surface of 

floor, walls and ceiling of room. 

  

3. Processes and Results 

To make an energy study on a building, as we know how much energy the 

building needs and how much it consumes. 

The building in this case have two kinds of energy consumes: electricity 

and district heating. For 2006 year, total energy consumed of the school is 

1184MWh. There into 493MWh (42%) electricity and 691MWh (58%) District 

Heating (Fig 3.0) 
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Fig 3.0 Electricity district heating 

The energy balance has been employed to know how much District 

Heating is necessary to achieve the temperature desired inside and the indoor 

climate adequate. The district heating (DH) is used mainly to compensate the 

transmission losses with the surroundings with radiators and in the ventilation 

systems to obtain the desirable entry temperature. 

 

Before the calculation start, some statements need to be made.  

 

In this case, we found that heating requirement is only in January, 

February, March, April, half May, half September, October, November and 

December. But calculate transmission heat loss, we also need all of year. So 

calculations related to heating. For example, heat loss, Qdegree  and so on.  

All climate parameters are used is based on the fact of year 2006. 

 

3.1 Heat In 

Heat in includes that how much of heat the building should receive to 

balance the total heat loss. It is including District heating, Solar radiation and 

Free heat. 

 

 

42%

58%

Electricity district heating

Electricity

District heating
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3.1.1 District heating 

District heating have two parts, one of district heating demand on 

ventilation and radiator. The government offered some document about district 

heating, so we cannot calculate this part (Fig 3.1) 

 

 

Fig3.1 District heating (Roland Forsberg, Sweco Theorells AB. He offers some 

important information in the thesis) 

 

We can calculate the average of three years; it can get an exact value of 2006. 

∑district heating = (708+667+699)/3 = 691MWh 
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3.1.2 Solar radiation 

There are a lot of large windows on the wall, so that the heat come from 

the solar radiation must have to be thought about. To calculate the amount of 

solar radiation, we need to know the directions of the building (Fig 3.2) 

 

Fig 3.2 Solar radiation of the building 

 

 

From this picture, we can see the angles of windows are N: -120, E: -30, 

S: 60 and W: 150. We can get value from blow table (Fig 3.3) 
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Fig 3.3 Solar radiation 

 

While calculating the solar radiation only the heat period has taken into 

count, because indoor climate decides the heat. Mean while different types 

windows would have different coefficient of solar radiation absorbing and 

reflecting (table 3.4) 

Table 3.4 

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 1.9-1.0 0.72 
Special glass 1.0-1.5 0.69 
2-glass, energy 
glass 

1.0-1.5 0.70 

 

In this building, all of windows are 2- glasses normally, so coefficient 0.8 is 

applied.(table 3.5) 

 

Table 3.5 The result is: 
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Direction Area  m2 Month kWh 

N: -120 110.284 Jan 547008.64 

Feb  1976289.2 

Mar 5880342.8 

Apr 10984286 

Half May 7623932.9 

Half Sep 3639372 

Oct  3452992 

Nov 893300.4 

Dec 307692.36 

Total   35305216.3 

E: -30 52.598 Jan 3848069.6 

Feb  6303344.3 

Mar 9359288.1 

Apr 10051477 

Half May 4875308.6 

Half Sep 4544467.2 

Oct  8087468.4 

Nov 4796937.6 

Dec 2886052.2 

Total   54752413 

S: 60 62.638 Jan 2796160.3 

Feb  5086205.6 

Mar 8776836.5 

Apr 10936594 

Half May 5970967.3 

Half Sep 4528727.4 
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Oct  6932147.4 

Nov 3589157.4 

Dec 2058284.6 

Total   50675080.5 

W: 150 95.496 Jan 384848.88 

Feb  989338.56 

Mar 2664338.4 

Apr 5701111.2 

Half May 4514573.4 

Half Sep 1761901.2 

Oct  1568999.2 

Nov 572976 

Dec 236830.08 

Total   18394916.92 

� total =  159127626.7 ∗ 0.8 = 127302101.4 =  127 MWh 

 

3.1.3 Free Heat 

For free heat, this building has lamps, computers, people and all of 

equipments.  

Lamps in different rooms of the building would be use in different time, 

and the total electricity of lamps is 216822Wh, also all of year is 56kWh. 

 

In Skogmursskolan have 200 people. In the calculation, it is assumed that 

power of person is 100W. Human stay in the building about 6 hours per 

working day, and work 260 days one year. The total heat from people bodies is 

31MWh. 

� = 200 ∗ 100W ∗ 6h/day ∗ 260day/year = 31MWh 
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Also the building has 85computers, and power of one computer is 80W. 

For the working days, people use computer 8 hours, and also all of year have 

260 working days. The total heat from computers is 14MWh 

� =  85 ∗ 80W ∗ 8h/day ∗ 260day/year = 14MWh 

 

The value of heat is lowest from all of equipments, so we can ignore it. 

The result of total free heat is 101MWh 

 

 

 

3.2 Heat loss 

About the heat loss, it is include ventilation heat loss, infiltration heat loss, 

transmission and hot water. 

 

3.2.1 Ventilation heat loss 

There have 5 ventilation machines, TA1, TA2, TA3, TA4 and FTX--102, 

compose the ventilation system [8] of this school. 

To calculate the district heating used in the ventilation systems, the following 

formula has been used: 

Qven = Vven ∗ ρ ∗ Cρ ∗ Qdegree ∗ (1 − η) 

to get the result, ρ and Cρ  are easy to define, but V and Qdegree are needed 

to investigate and calculate.  

 

The government offered some document about ventilation system of 

school. For this document, we can know ventilation rate from each ventilation 

machines.(Table 3.6  3.7) 

Table 3.6 
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                   Ventilation audit 

 

Table 3.7Schedule of ventilation system (Roland Forsberg, Sweco Theorells AB. He 

offers some important information in the thesis) 

Drifttider ventilation.                       Skogmursskolan 
Aggregat Anm. Må+Fr Lö. Sö. 
TA1  06:00 – 17:40   
     
TA2  06:00 – 18:00   
     
TA3  06:00 – 18:00   
     
Ta4  06:05– 17:30   
     
FTX-102  06:00 – 17:45   

               

From the controlling schedule, there have two different factors to influence 

Qdegree: 

―Due to different temperature of outdoor and indoor, we can get the 

average temperature of Gävle is 14.6℃. 

  First, we can use the list of government to get the value that is 3683/ 

year,(Fig3.8) 
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Fig 3.8 Energy use 

And all the day is 24 hours, we can get the total temperature value of all 

the year that is 88392°h. Because the temperature of night is low and some 

days the ventilation machine must be turn off, we can use the exact value from 

the government. 

 

The temperature of Gävle is 5℃ and the all of year is 88392°h. And then, 

we can use this table to calculate the temperature that is 14.6℃.(Table 3.9) 

Table 3.9: Value of the Qdegree 
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― Different ventilation machines have different time of use, so Qdegree 

for each machine is different. We need to calculate Qdegree for each 

ventilation machine. 

 

In the building there are two kinds of ventilation systems that differ in the 

heat exchanger (Rotate and Plate). Efficiency of rotate is 70%; it is mean that 

have 70% to absorb from ventilation system and have 30% to loss. Efficiency 

of plate is 55%; it is mean that have 55% to absorb from ventilation system and 

have 45% to loss.(Table 3.10) 

One of the heat exchanger that efficiency is 55% 

One of the heat exchanger that efficiency is 70% 

 

 

 

 

 

 

 



35 
 

Table 3.10 ventilation system 

VENTILATION 

UNIT 

INLET(l/s) Q degree 

(℃h) 

EXCHANGE Qv (MWh) 

TA1 3653 25612.6 1-70% 34 

TA2 4894 25954.2 1-70% 46 

TA3 3498 25954.2 1-55% 49 

TA4 2556 24656.49 1-70% 23 

FTX—102 2389 25413.49 1-55% 33 

TOTAL                                               185 

3.2.2 Transmission Heat Loss 

Before calculating transmission heat loss, we need to know this formula: 

Qtransmission = �U ∗ A ∗ Qdegree  

 

U values are different because the different material of the building. (table 

3.11) 

Table 3.11 U value 

 

  U — Value 

Wall        0.9 

Floor        0.4 

Roof        0.4 

Windows        2.9 

Doors 1.0 

Next step is measure the surface area of walls, floors, roof, windows and 

doors. We use laser measuring, it makes easy to achieve this job. Therefore, 

floor of the building is divided into two parts, inside floor and outside floor when 

we calculate the heat transmission through the floor.(Fig 3.12) 



36 
 

 

Fig 3.12 Heat transmission 

The q degree to calculate the transmission losses have been obtained this 

value is with the duration diagram for one normal year. Calculate the q degree 

it is important to bear in mind that temperature outside is 11ºC or more. For 

these reason the pink area is not take it in account. (Fig 3.13) 

 
Fig 3.13 Temperature Duration Diagram for normal year 
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Fig 3.14 Exact value (Roland Forsberg, Sweco Theorells AB. He offers some important 

information in the thesis) 

And all the day is 24 hours, we can get the total temperature value of all 

the year that is 88392°h. Because the temperature of night is low and some 

days the ventilation machine must be turn off, for example, the day of 

Christmas and National Day, and so on. We can use the exact value from the 

government.( Fig 3.14) 

 

Transmission losses are produced through the walls, floor, roof, windows 

and doors envelope that is 540MWh. 
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Using the last formula to calculate the losses, the result is (Table3.15) 

Table 3.15 Transmission Heat Loss 

                           Transmission Heat Loss 

  U — Value  Area 

(m2) 

Q 

degree2006(℃h) 

Losses 

(MWh) 

Wall         0.9 1661.4736 88392          132 

Floor(outside)         0.4 332.2 88392           12 

Floor(inside)         0.4 4226.04 88392          149 

Roof         0.4 4558.24 88392          161 

Windows         2.9 310.578 88392           80 

Doors         1 71.874 88392           6 

Total             540 

3.2.3Hot Tap Water 

Hot tap water is a kind of heat loss. If we want to know how many water is 

consumed, using this equation: (Fig 3.16) 

Qhot  water = ρ ∗ Cρ ∗ V ∗ TR

 
Fig 3.16 Hot tap water (Roland Forsberg, Sweco Theorells AB. He offers some 

important information in the thesis) 
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When we use hot tap water, district heating is demanded to heat the water 

from 5C° to 55C°. The 5C° is temperature of cold water and the 55C°is 

temperature of hot water. In 2006, we supposed 30% to use hot tap water. The 

result of hot tap water heat loss is 23 kWh. 

Qhot  water = ρ ∗ Cρ ∗ V ∗ T 

Qhot  water = 1298.8 ∗ (55 − 5) ∗ 30% ∗ 1.163 = 22657.57 kWh = 23 kWh 

3.2.4 Infiltration Heat Loss 

Ventilation heat loss has two parts, one of control ventilation and another is 

uncontrolled ventilation. Also uncontrolled ventilation heat loss is infiltration 

heat loss. A major part of infiltration heat loss is nature ventilation heat loss. In 

this building, infiltration heat loss is mainly caused by like doors and windows 

are open. In this part, the amount is not possible to calculate, because we 

cannot get excite value to calculation. But we can base on theory of energy in 

as same as energy out that can get value of infiltration heat loss. From this 

table we can know that the value of infiltration heat loss is 193MWh. (Fig 3.17) 

 

 

Fig 3.17 Energy balance 
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4. Discussions  

 
4.1 Transmission Heat Loss  

 

4.1.1 change the heat loss of roof  

 

Table 4.1 Transmission Heat Loss 

                           Transmission Heat Loss 

  U — Value  Area (m2) Q degree2006(℃h) Losses (MWh) 

Wall         0.9 1661.4736 88392          132 

Floor(outside)         0.4 332.2 88392           12 

Floor(inside)         0.4 4226.04 88392          149 

Roof         0.4 4558.24 88392          161 

Windows         2.9 310.578 88392           80 

Doors         1 71.874 88392           6 

Total             540 

 

From this table (Table 4.1), we can know that the highest value is transmission 

heat loss of roof, so we could reduce this part. 

 

Energy transfer from more energetic to less energetic molecules and heat 

transfer direction is from high temperature to low temperature 

 

The equations express the heat transfer by calculations: 

q:ka dT/s 

q:heat transferred per unit time (W,btu/hr)  

A: heat transfer area (m2ft2)  

k : thermal conductivity of the material (W/m.K or W/m.°C, Btu/(hr °F ft2/ft)) 
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dT : Temperature difference across the material (K or °C, °F) 

s : material thickness (m, ft) 

 

From this theory, one of hand that we could change into low thermal 

conductivity of the material on the roof, heat transfer is reduced while K is 

reduced, so heat loss can be decreased. Another hand, we could add some 

material on the roof, it become add the material thickness, also heat loss can 

be decreased. 

 

4.1.2 Change the doors 

As the two doors that link the workshop and outdoor are always opened, the 

temperature of the workshop is lower than 22℃. In order to reduce the heat 

loss of indoor, we could change the door, which located between the workshop 

and indoor into other ones that made by low thermal conductivity of the 

material. Now the doors were made by iron, thermal conductivity of the 

material is very high.(Table 4.2) 

Table 4.2 approximate values for thermal conductivity, heat capacity and 
thermal diffusivity for a set of materials at room temperature. 

Thermal conductivity of different materials 

Substance λ (W/mK)  ρc(J/m3K) α(m2/K) 
Brick 0.6 1.35 * 106 0.44 * 10−6 
Concrete 1.7 1.8 * 106 1.0 * 10−6 
Granite 3.5 2.2 * 106 1.6 * 10−6 
Gypsum 0.22 0.72 * 106 0.31 * 10−6 
Iron 84 3.6 * 106 23 * 10−6 
Light-weight 
concrete 

0.14 0.5 * 106 0.28 * 10−6 

Mineral wool 0.04 0.12 * 106 0.3 * 10−6 
Wood 0.14 0.75 * 106 0.19 * 10−6 
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4.2 Timetable of work: 

Another idea is that we could be change in the time of work. It means trying to 

find the hours that it is cheaper work and design an economic timetable.(table 

4.3) 

4.3Change the time of ventilation system 

Table 4.3 Ventilation system time table 

Drifttider ventilation.                      Skogmursskolan 
Aggregat Anm. Må+Fr Lö. Sö. 
TA1  06:00 – 17:40   
     
TA2  06:00 – 18:00   
     
TA3  06:00 – 18:00   
     
Ta4  06:05– 17:30   
     
FTX-102  06:00 – 17:45   

This is the work time of ventilation system. Working day, it is begin to work at 

9:00 in the morning for people. From this table, we can see the work time of 

ventilation is 06:00 in the morning. We supposed change the working time, 

06:00 change to 07:00, it become that the working time of TAI ventilation 

machine is 10.6hours for one day, TA2 become 11hours, TA3 is also 11hours, 

TA4 become 10.4hours and the working time of FTX – 102 is 10.75 hours. 

Then, the working time have changed, the Qdegree  also have changed. 

We can get new value about the Qdegree  and Ventilation heat loss.(Table 4.4  

Table 4.5) 
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Table 4.4

 

 This is new value of ventilation heat loss 

VENTILATION 

UNIT 

INLET(l/s) Q degree 

(℃h) 

EXCHANGE Qv (MWh) 

TA1 3653 22856.25 1-70% 30 

TA2 4894 23791.35 1-70% 42 

TA3 3498 23791.35 1-55% 45 

TA4 2556 21707.4 1-70% 20 

FTX—102 2389 23250.53 1-55% 30 

TOTAL                                               167 

 

 

 

Table 4.5 Ventilation Heat loss 

Ventilation Heat loss 

            185MWh 

            167MWh 

 Total reduce:            18 MWh 

 

4.4 Change the air flow 

The working time of people is 09:00 – 17:00, and the ventilation working time is 

06:00, there have three hours we would change half air flow that is 06:00 – 

09:00. And others time we would have full air flow. So we would get new value 

of ventilation heat loss.(table 4.6) 

able 4.6 
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VENTILATION 

UNIT 

INLET(l/s) Q degree 

(℃h) 

EXCHANGE Qv (MWh) 

TA1 1826.5 6488.55 1-70% 4 

TA2 2434.5 6488.55 1-70% 6 

TA3 1749 6488.55 1-55% 6 

TA4 1278 6488.55 1-70% 3 

FTX—102 1194.5 6488.55 1-55% 4 

TOTAL                                               23 

VENTILATION 

UNIT 

This table is half air flow of 06:00 - 09:00 

INLET(l/s) Q degree 

(℃h) 

EXCHANGE Qv (MWh) 

TA1 3653 19503.51 1-70% 26 

TA2 4894 21265.65 1-70% 37 

TA3 3498 21265.65 1-55% 40 

TA4 2556 18167.94 1-70% 17 

FTX—102 2389 19824.94 1-55% 26 

TOTAL                                               146 

The total ventilation heat loss = 23 + 146 = 169MWh 

This table is full air flow in others times 

Ventilation Heat loss 

            185MWh 

            169MWh 

 Total reduce:             16 MWh 
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4.5 Internal generation of heat: 

Although the continuous to use of the computers and lights, it is known that 

internal generation of heat are high of office buildings. It would be possible to 

reduce the consumption of the radiators or the working hours. 

Data that can be used to think how much could be saved is that for each 

centigrade that is rise with internal generation is equivalent to save 5% of 

electricity. 
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5. Conclusions 

For 2006 year, total energy consumed of the school is 1184MWh. There 

into 493MWh(42%) electricity and 691MWh(58%) District Heating. 

 

Solar radiation: 

This building at the N: -120, E: -30, S: 60 and W: 150 the total radiation is 127 

MWh 

 

Free Heat: 

Lamps, computers, people and equipments composing the free heat. 

The total of free heat is 101MWh 

 

Heat loss 

The heat loss of ventilation is 185MWh. And the heat exchanger of ventilation 

is the rotate and plate they can recover the heat: 70% and 55%. 

 

The Transmission Heat Loss: 

The heat through the walls floor roof windows and doors envelope that is 

540MWh. 

 

Hot Tap Water 

Hot tap water heat loss is 22658kWh. 

 

Balance: (fig5.1) 
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Fig 5.1 Energy balance 

 

Method of saving energy: 

Change the indoor temperature [9] 

If reduce the indoor temperature from 22℃ to 20℃. The Total reduce of 

energy is:  

The total Transmission Heat Loss is 540 MWh 

540*2*5%= 54MWh 

 

Change the doors: 

The temperature of the “workshop” is lower than 22℃ cause the door of 

workshop always open. And the door of between building and the workshop is 

iron door the thermal conductivity is about 84 w/mK if we change the door like 

PVC door that the thermal conductivity low, so the heat loss will reduce. (The 

thermal conductivity of PVC is 0.19 w/mk.) 

 

Change the time of ventilation system [10]: 

we could be change in the time of work. It means trying to find the hours that it 

is cheaper work and design an economic timetable.(table 4.3) 
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Appendix 

 

1 Temperature of 2006, Gävle 

 
 

 

2 Ventilation heat loss 

TA1 

Jan  (14.6-(-3.5))℃*11.6h/day*22day/month= 4619.12 

Feb (14.6-(-3.6)) ℃*11.6h/day*20day/month= 4222.2 

Mar (14.6-(-5.8)) ℃*11.6h/day*23day/month= 5442.72 

Apr  (14.6-3.5) ℃*11.6h/day*20day/month= 2575.2 

Half May (14.6-9.3) ℃*11.6h/day*23day/month*0.5= 707.02 

Half (14.6-13.6) ℃*11.6h/day*21day/month*0.5= 645.54 
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Sept 

Oct (14.6-7.7) ℃*11.6h/day*22day/month= 1760.88 

Nov (14.6-3) ℃*11.6h/day*22day/month= 2960.32 

Dec (14.6-3.6) ℃*11.6h/day*21day/month= 2679.6 

∑=25612.6℃h/year 

 

 

TA2 

Jan  (14.6-(-3.5))℃*12h/day*22day/month=4778.4 

Feb (14.6-(-3.6)) ℃*12h/day*20day/month= 4368 

Mar (14.6-(-5.8)) ℃*12h/day*23day/month=5630.4 

Apr  (14.6-3.5) ℃*12h/day*20day/month= 2664 

Half May (14.6-9.3) ℃*12h/day*23day/month*0.5=731.4 

Half 

Sept 

(14.6-13.6) ℃*12h/day*21day/month*0.5= 126 

Oct (14.6-7.7) ℃*12h/day*22day/month= 1821.6 

Nov (14.6-3) ℃*12h/day*22day/month= 3062.4 

Dec (14.6-3.6) ℃*12h/day*21day/month= 2772 

∑=25954.2℃h/year 

 

 

TA3 

Jan  (14.6-(-3.5))℃*12h/day*22day/month=4778.4 

Feb (14.6-(-3.6)) ℃*12h/day*20day/month=4368 

Mar (14.6-(-5.8)) ℃*12h/day*23day/month=5630.8 

Apr  (14.6-3.5) ℃*12h/day*20day/month=2664 

Half May (14.6-9.3) ℃*12h/day*23day/month*0.5=731.4 

Half (14.6-13.6) ℃*12h/day*21day/month*0.5=126 
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Sept 

Oct (14.6-7.7) ℃*12h/day*22day/month=1821.6 

Nov (14.6-3) ℃*12h/day*22day/month=3062.4 

Dec (14.6-3.6) ℃*12h/day*21day/month=2772 

∑=25954.2℃h/year 

 

 

TA4 

Jan  (14.6-(-3.5))℃*11.4h/day*22day/month=4539.48 

Feb (14.6-(-3.6)) ℃*11.4h/day*20day/month=4149.6 

Mar (14.6-(-5.8)) ℃*11.4h/day*23day/month=5348.88 

Apr  (14.6-3.5) ℃*11.4h/day*20day/month=2530.8 

Half May (14.6-9.3) ℃*11.4h/day*23day/month*0.5=694.83 

Half 

Sept 

(14.6-13.6) ℃*11.4h/day*21day/month*0.5=119.7 

Oct (14.6-7.7) ℃*11.4h/day*22day/month= 1730.52 

Nov (14.6-3) ℃*11.4h/day*22day/month= 2909.28 

Dec (14.6-3.6) ℃*11.4h/day*21day/month= 2633.4 

∑=24656.49℃h/year 

 

 

 

FTX—102 

Jan  (14.6-(-3.5))℃*11.75h/day*22day/month=4678.85 

Feb (14.6-(-3.6)) ℃*11.75h/day*20day/month= 4277 

Mar (14.6-(-5.8)) ℃*11.75h/day*23day/month= 5513.1 

Apr  (14.6-3.5) ℃*11.75h/day*20day/month= 2608.5 

Half May (14.6-9.3) ℃*11.75h/day*23day/month*0.5= 716.16 
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Half 

Sept 

(14.6-13.6) ℃*11.75h/day*21day/month*0.5= 123.38 

Oct (14.6-7.7) ℃*11.75h/day*22day/month= 1783.65 

Nov (14.6-3) ℃*11.75h/day*22day/month= 2998.6 

Dec (14.6-3.6) ℃*11.75h/day*21day/month= 2714.25 

∑=25413.49℃h/year 

 

VENTILATION 

UNIT 

INLET(l/s) Q degree 

(℃h) 

EXCHANGE Qv (MWh) 

TA1 3653 25612.6 1-70% 34 

TA2 4894 25954.2 1-70% 46 

TA3 3498 25954.2 1-55% 49 

TA4 2556 24656.49 1-70% 23 

FTX—102 2389 25413.49 1-55% 33 

TOTAL                                               185 
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3．Transmission Heat Loss 

 
Qdegree = 3683* 24 = 88392℃h 

Qtransmission = ∑U ∗ A ∗Qdegree   

 

                           Transmission Heat Loss 

  U — Value  Area 

(m2) 

Q 

degree2006(℃h) 

Losses 

(MWh) 

Wall         0.9 1661.4736 88392          132 

Floor(outside)         0.4 332.2 88392           12 

Floor(inside)         0.4 4226.04 88392          149 

Roof         0.4 4558.24 88392          161 
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Windows         2.9 310.578 88392           80 

Doors         1 71.874 88392           6 

Total             540 

 

 

 

 

4．Solar Radiators: (All of windows Klarglas=0.8) 

Direction Area  m2 Month Wh 

N: -120 110.284 Jan 547008.64 

Feb  1976289.2 

Mar 5880342.8 

Apr 10984286 

Half May 7623932.9 

Half Sep 3639372 

Oct  3452992 

Nov 893300.4 

Dec 307692.36 

Total   35305216.3 

E: -30 52.598 Jan 3848069.6 

Feb  6303344.3 

Mar 9359288.1 

Apr 10051477 

Half May 4875308.6 

Half Sep 4544467.2 

Oct  8087468.4 

Nov 4796937.6 

Dec 2886052.2 
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Total   54752413 

S: 60 62.638 Jan 2796160.3 

Feb  5086205.6 

Mar 8776836.5 

Apr 10936594 

Half May 5970967.3 

Half Sep 4528727.4 

Oct  6932147.4 

Nov 3589157.4 

Dec 2058284.6 

Total   50675080.5 

W: 150 95.496 Jan 384848.88 

Feb  989338.56 

Mar 2664338.4 

Apr 5701111.2 

Half May 4514573.4 

Half Sep 1761901.2 

Oct  1568999.2 

Nov 572976 

Dec 236830.08 

Total   18394916.92 

All of windows are 2 glasses, All of windows Klarglas=0.8  

� total ==  159127626.7 ∗ 0.8 =  127302101.4 =  127 MWh 
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5．DH 

 

�district heating =  (708 + 667 + 699)/3 =  691MWh 

 

 

 

 

6. Free heat 

Lighting: 

The energy use of lighting per one day:1872，51968，1872，5250，864，

2436，720，340，144，116，120，1312，464，7104，7424，464，576，
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1392，360，15776，1344，1152，1600，982，4176，720，12096，18096，

13440，960，14384，10208，960，4176，16704，8352，5280，1152 

Total: 216822 W 

� = 216822W ∗ 260day = 56373720W = 56MWh 

Computers: 

Skogmursskolan have 85 computers: 

� = 85 ∗ 80W ∗ 8h/day ∗ 260day/year = 14MWh 

Person: 

All of person is 200 

� = 200 ∗ 100W ∗ 6h/day ∗ 260day/year = 31MWh 

TOTAL FREE HEAT= 101MWh 

 

Heat in: total = 919MWh 

District heating = (708+667+699)/3 = 691MWh 

Solar radiation total = 159127626.7*0.8 = 127302101.4 = 127 MWh 

Free heat: 101MW 

 

Heat loss: total=919MWh 

Ventilation heat loss: total   185MWh 

Transmission Heat Loss:    540MWh 

Infiltration Heat Loss       171 MWh 

Tap hot water              23 MWh 
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