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Abstract 

Nowadays, building energy use has become one of the biggest proportions in the total energy use. In 

Europe, there is nearly half of the electrical energy and one third of all fuels are used in the building 

sector. Therefore, more attention should be paid to building energy saving methods. Among the 

methods, energy audit is very effective and remarkable. 

The library at the University of Gävle was construction completed in November 2005 and opened in 

2006. This building belongs to Akademiska Hus, which is the second largest property company in 

Sweden. The aim of this project is to identify energy using in the library, find efficiency-measures 

and energy waste part, optimize the energy system and reduce energy cost. 

Firstly, a study of energy balance was conducted. The total energy loss of Gävle University Library 

is about 544821 kWh, among which the transmission losses through the windows, wall, floor and 

roof are 71%; mechanical ventilation losses are 13%; uncontrolled ventilation due to infiltration is 

13%; heat losses due to hot tap water are 3%. On the other hand, heat supply from district heating is 

42%; solar radiation 32% and is internal heat 26%. 

Secondly, the energy costs have been calculated. The annual energy cost is 284502 SEK, where 

electricity consumption is 62% (representing 45% of the total energy use) and district heating is 38% 

(representing 55% of the total energy use). 

Then, according to the proportion of each term of energy usage and energy cost, this thesis will 

focus on transmission, lighting and mechanical ventilation and came up with several energy cost 

saving possibilities. 

Heat losses by transmission through the building envelope are the largest portion. In order to reduce 

the transmission losses, adding insulation is an efficient way. 

The library is well designed and natural light is adequate thus the lighting wastes lots of electricity. 

By adding reflection shell the lighting distribution can be increased, at the same time the operating 

time can be adjusted. This measure could save 64077 kWh of electricity or 59592 SEK. 

The mechanical ventilation loss is about 71390 kWh. To reduce the energy use in ventilation 

process at the same time to keep a good indoor climate, new technology like Infrared Red (IR) 

sensor can be used. We also assumed a new module -adjustable supply air portal, which save energy 

and keep a better indoor climate. 
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Reducing energy by lower the indoor temperature seems to be an effective way. But informed by 

library staff and student, sometimes they had already felt slightly cold. We recommend, keep the 

original temperature.  

Finally, after increase insulation of building envelope, improve lighting and mechanical ventilation; 

at least 105792 kWh of district heating (50780 SEK) and 29444 kWh of electricity (27383 SEK) can 

be saved per year.  
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1. INTRODUCTION 

1.1 Building energy use 

When electricity was discovered in 18 century, it becomes one of the most significant powers for 

industries and social life. As we experience the aftermath of 2008 Wenchuan earthquake, the 

blackout take place frightful impressed us, what a world would look like without electricity. In a 

matter of fact the people have wasted piles of energy. Now the people have to take environmental 

cost into account, when extravagant waste of energy use. 

The Figure 1.1 shows the percentage of energy use in each sector calculated by US national 

academies. As we can see in the pie chart, the amount of energy use in residential houses is about 22 

percent of global energy use.  

 

Figure 1.1, Percentage of Energy Consumed (US national academies2008) 

The total energy use in building in Europe, is up to half of the electrical energy and nearly one third 

of all fuels are used in the building (Abel and Elmroth, 2007). Simultaneously the electricity use is 

increased. In this circumstances how to increase energy efficiency in modern time buildings is the 

priority issues. Different type of measures can be involved to improve the energy efficiency, at the 

same time decrease environmental issues. By doing different measuring, we could find the 

underlying improvement, which could decrease the building energy use. 

 

1.2 Energy Audit 

1.2.1 What is Energy Audit? 

An energy audit investigates and evaluates the total energy entering a building over a given period 

of time. It shows how much energy has been used and in what way it has been used. Especially may 
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find out the energy leakage and wasted energy of the object and come up with pertinent suggestions. 

An energy audit is used to determine where, when, why and how energy is used in a facility or a 

building and give related advice (Thumann and Younger, 2008). 

 

1.2.2 Why Energy Audit? 

As the energy crisis becoming serious, government and private groups pay more attentions on 

saving energy and reducing energy us. Therefore, energy audit is widely used. 

An energy audit is aiming to identify energy using in a facility or a building and find a way to 

increase the energy efficiency, optimize energy system and decrease energy cost by reducing energy 

use (sometimes also used to improve indoor climate in a building and protect equipment). 

Furthermore, fewer amounts of used fossil fuels mean fewer greenhouse gas emissions; therefore, 

energy audit has a huge contribution to environmental protection and sustainable energy 

development (Baechler, 2011). 

 

1.2.3 Types of Energy Audits  

Energy audit is classified to three levels according to the complexity:  

Level I: Site Assessment or Preliminary Audits. The purpose of this level is to find out opportunities 

to save energy that is no cost or low cost. Include energy bill assessment and simple site inspection. 

Just get simple analysis of one system and a narrow list of measures from Level I audit.  

Level II: Energy Survey and Engineering Analysis Audits. The purpose of this level is to find out 

opportunities to save energy that is no cost or low cost, and also provide energy efficiency measures, 

regulate building systems or equipment installations that result in low efficiency. Level II audits 

include a deep analysis of energy cost, energy use and building constructions. It shows how the 

energy concretely used in the building. 

Level III: Detailed Analysis of Capital-Intensive Modification Audits. For this level, more activities 

like monitoring, data collection and engineering analysis will be used based on the Level I and Level 

II. So the Level III audits can provide an overall recommendation and financial analysis for the 

major capital investments. 

Of course, as the complexity increasing, more energy saving will achieve (Baechler, 2011).  
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1.2.4 How to do an Energy Audit? 

The project can be separated into five steps: 

As an energy auditor, firstly an energy service contract should be done regardless what level the 

audit will be. An advanced energy audit contract should consist of energy use information and 

control system, energy audit, insulation and maintenance fee. The contract should be signed by 

auditor and client; it can help client decrease energy cost and risk (Sorrell, 2007).  

Secondly, a preliminary review of energy use should be made by determining each term of the 

energy balance and energy use distribution. In this step, base energy load should be identified and 

analyzed.  

Thirdly, do a site assessment. In this step energy saving opportunities should be known by interview 

building staff and visually inspect building and main system. 

Fourthly, analyze data. In this step, utility and site data should be analyzed and evaluated thus 

potential savings can be generated with a list of recommended measures.  

Finally, make report. In this step, study results should be summarized and a recommendation should 

be made to the company (Baechler, 2011). 

 

1.3 Aim and Objectives. 

The purpose of this project is to: 

Determine energy use of the Gävle University Library; 

Clarify and quantify each term of the energy balance; 

Investigate low efficiency and energy-wasted part of the system;  

Find ways to improve the indoor climate, avoid problems like too hot in summer or too cold in 

winter, and too hot or too cold in some areas of the library while most areas at a suitable 

temperature;  

Give advices to improve energy efficiency, at the same time save energy cost. 

 

1.4 Location of Gävle 

The building is located in the city of Gävle, which is the capital of the Gävleborg province. Gävle is 

located on the east coast of Sweden, 180 km from Stockholm (See Figure 1.2). Gävle has a similar 
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climate compare to the rest of central Sweden, with an average temperature of -5°C in January and 

17°C in July (Gävle kommun, 2010). 

 

Figure 1.2 Location of Gävle in Sweden. 

 

1.5 History of the Library 

The library at the University of Gävle was construction completed on November 2005 and opened in 

2006. It is a new building with amazing round shape (See Figure 1.3), designed by architect Hans 

Tirsén. This building belongs to Akademiska Hus, which is the second largest property company in 

Sweden. The company lends buildings to universities and also manage these buildings (Akademiska 

Hus, 2013). 

http://www.gavle.se/
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Figure 1.3 View from the top of the library (google map) 

 

1.6 General Information of the Library 

The Library is an open architecture with a big hole inside the building. It has four floors (See Figure 

1.4) connected by three stairs and one elevator. The blueprints are shown in Appendix1. Normally in 

Sweden, the first floor means the bottom of the building. Therefore, the first floor of this library is 

ground floor. The first floor has a storeroom, an installation space, a sprinkler tank, a fan room, a 

toilet, an electricity control room and an elevator control room. The ventilation and district heating 

control system situated here.  

 

Figure 1.4 View inside from the third floor of the library 
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The second floor is that people directly enters the library. So the second floor has a huge space, it 

contains one reception, an office with 8 rooms and one kitchen, one print room with 2 printer, 4 

toilets, a quiet reading room with 80 seats, 300 normal reading places.  

The third floor has an office area with 9 rooms, one kitchen and 1 toilet, 1 print room with 2 printers, 

about 170 normal reading places with 12 computers, 4 toilets, 8 breakout rooms and one training 

room with 20 computers.  

The fourth floor has an office area with 8 rooms and 1 toilet, 30 normal reading seats and 20 

breakout rooms and 3 toilets. 

Generally speaking, the library has 500 reading places, a quiet reading room with 80 seats, 28 

breakout rooms and a training room with 15 computers. The surface utilization area is 4795m2. And 

about 1200 visitors come to the library on a typical day. 

 

2. THEORY 

2.1 Building Envelope 

Against the outdoor air, the building envelope is regarded as an external barrier. It is composed of 

several parts, such as external walls, windows, doors and roofs etc. The amounts of heat losses 

between the internal and external area are determined by the quality of the building envelope in a 

specific climate circumstances (Abel and Elmroth, 2007). 

In order to improve the energy efficiency, thermal insulation and air-tightness of the building 

envelope are therefore vital. The modern building structure is considered airtight, namely the air 

leakage is neglected. Airtight building indicates that less heat is needed to maintain the indoor 

thermal comfort level. As a result, the majority of modern buildings need mechanical ventilation 

system to attain a better indoor air quality (Abel and Elmroth, 2007). 

 

2.2 Buildings indoor climate and heating, ventilating and air conditioning (HVAC) 

system 

Indoor climate is defined as the balance of the indoor thermal environment. In modern building 

design, environmentally-friendly building is encouraged to construct. It does least damage to the 

environment and is considered cost-effective (Omer, 2007).  
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In order to maintain a good indoor climate, three factors are needed to be taken into consideration, 

which are thermal climate, air quality and air purity (Abel and Elmroth, 2007). 

Thermal climate 

"Thermal climate factor are factors that affect a person's well-being in a thermal sense." (Abel and 

Elmroth, 2007). It depends on the indoor air temperature, the indoor air humidity, the movement of 

indoor air and the operative temperature. Being the standard for thermal comfort, operative 

temperature is also a good measure of indoor climate (O’Connor, 2000). 

Air quality 

Indoor air pollutants can disturb the well-being of the occupants. Good air quality indicates the air in 

the room is clean enough to breathe. It must be reassured that the indoor air quality is satisfactory 

before the occupants moved in. The two common types of pollutants are particulate pollutant and 

gaseous pollutant (Abel and Elmroth, 2007). 

Air purity  

The air purity depends on the degree of the air is away from pollutants that can be damage or 

annoying a certain process. There are two types of pollutants, namely particulate and gaseous 

pollutants (Abel and Elmroth, 2007). 

HVAC is short for Heating, Ventilating and Air Conditioning. HVAC system is popular and widely 

used in Nordic countries. It either supplies heat or removes heat, according to the corresponding 

cooling or heating demand. Maintaining the thermal comfort and keep good air quality are the aim 

of HVAC system.  

 

2.3 Building Energy Balance  

According to the first law of thermodynamics, energy cannot be created or destroyed, only modified 

in form. Hence, for an independent system like building, energy is conserved, which means energy 

input equals to energy output. Since energy to building envelope mostly performed as heat, the 

energy balance for a building can be considered as heat balance, which can be formed as: 

Qheat loss=Qheat in                                                                        [Eq.2.1] 

Where, 

Qheat loss: Heat transfer out of the building [W] 

Qheat in: Heat transfer into the building [W]  
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Meanwhile, according to the second law of thermodynamics, heat flows spontaneously from a 

material at a higher temperature to lower temperature. And the indoor temperature usually should be 

higher than the outdoor temperature because of the cold climate in Sweden. Heat loss happens from 

indoors to outdoors in the forms of transmission over building envelope, infiltration due to air 

leakages, heat loss owing to mechanical ventilation and hot tap water. In order to keep a certain 

indoor thermal climate, heat input is necessary to prevent temperature being too low, which consists 

of solar radiation, space heating and internal heat (See Figure 2.1). An equation can be used to 

describe the heat balance for a building: 

Qtr + Qmec vent + Qinf + Qhot tap water = Qheating + Qint + Qsolar                               [Eq.2.2] 

Where, 

Qtr: Transmission losses through building envelop [W] 

Qmec vent: Mechanical ventilation losses [W] 

Qinf: Infiltration losses through air leakage [W] 

Qhot tap water: Heat needed for hot tap water [W] 

Qheating: Heat needed for space heating [W] 

Qint: Internal heat generated by occupants, lighting and electrical equipment [W]       

Qsolar: Heat gained by solar radiation through the windows [W] 

 

 

Figure 2.1 Heat balance of a building 
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2.3.1 Heat losses 

2.3.1.1 Transmission Losses 

 

When there exists a temperature difference between inside and outside, heat will be transferred from 

higher temperature to lower temperature. Heat losses are approximately proportional to the 

temperature differences, which can be described by the equation: 

 

Qtr =ΣU⋅A⋅ (Tin −Tout)                                                        [Eq.2.3] 

Where, 

U: U-value, transmission coefficient for the envelope. [W/m2 ⋅°C];  

A: Area of the envelope [m2]; 

Tin: Indoor temperature [°C];  

Tout: Outdoors temperature [°C]; 

 

However, things become different when calculate the transmission for the wall below the ground. 

Walls can be divided into two types below wall (underground part) and above wall (over ground 

part). These two types of the wall have different heat transfer method. As Figure 2.2 shows, the 

below wall releases heat to the ground, while, and the above wall release directly heat to the air. 

Furthermore, the below wall has a different temperature if it is compared with the above wall, this 

due to the fact that the temperature of ground is higher than outside air temperature in winter. 
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Figure 2.2 Different way of transmission through the ground floor and below wall (Forsberg, 2013) 

 

Then, we use Q to denote energy use for a period of time. Now the equation becomes: 

Q = (Σ U ⋅ A) ⋅ qdegree                                            [Eq.2.4] 

Heat loss through roofs should be added 15% extra because of radiation to space. The equation can 

be modified to: 

Q = 1.15 ⋅ (Σ U ⋅ A) ⋅ qdegree                                      [Eq.2.5] 

Where, qdegree is the degree-hours (°C⋅h /year), which can be get from the qdegree table at 

Appendix 2.1  

Moreover, the U-value can be different with different materials. A lower U-value means a greater 

envelope's resistance and a better insulating effect.  

 

2.3.1.2 Ventilation Losses 

Ventilation is considered as an important component of a healthy building. Ventilation is usually 

installed in well-insulated houses (Dimitroulopoulou, 2012). It supplies fresh air and removes stale 

air. In order to maintain the indoor air quality, the contaminant from inside building material, human 

metabolism and moisture need to be taken away. Although the ventilation system is effective, it has 

high installation and running cost (Abel and Elmroth, 2007). 
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In normal buildings the required size of supply air flow is mainly determined by the numbers of 

residents in the building. If the building is made by safe materials, there is no need for extra flow to 

remove unwanted emission. But it is necessary to remove the surplus heat.  

There are different ways to calculate the ventilation losses.  

"In some situations the ventilation loss is regarded as the heat demand to heat the outdoor air to the 

required room temperature." (Abel and Elmroth, 2007). 

Another ways to calculate the ventilation losses, and more correct method, from a system view, is to 

calculate the difference between the entering building air temperatures and leaving air temperature. 

The electricity losses to run the ventilation system will then be considered as separate electricity 

used in the building (Abel and Elmroth, 2007). 

 

The Gävle University library consists of three individual mechanical ventilation system, LB24-A, 

LB 24-B, CA01 and LB25, those ventilation system are in charge of different areas (See Figure 

2.3). 

 

Figure 2.3 Blueprint of the library, second floor (Akademisk Hus, 2013) 

LB25 is located on the roof, as we can see in Figure 2.3. The LB25 ventilation system serves the red 

area which are the staff office and copy room.  

CA01, which is a circulation unit consisting of filter, fan, air cooler and heater, serves the 1st floor 

blue area in Figure 2.3 with temperature-controlled air to the diffuser placed. 
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LB24A and LB24B, located in the plant room floor 1, are two parallel sets. LB24A-B is equipped 

with VAV damper to maintain constant flow to the branch. Flow can be read in the control and 

monitoring device. The yellow area in Figure 2.3 shows the LB24A-B which serves the majority 

area, also the toilet, elevator stairwells, silence room and group room. The airflow through the 

ceiling diffuser, diffusers trailing edge, transfer units, control valves and exhaust grilles into the 

supply area (Akademiska Hus, 2013). 

 

Heat Recovery 

The temperature difference between air entering and air leaving the construction defined the 

ventilation heat loss. In order to reduce the heat demand for ventilation system, a system for heat 

recovery can be introduced in ventilation system.  

 

As can be seen in Figure 2.4 is one type of heat recovery that recycling exhaust air. The method 

above is practically non-existing in Sweden, because the recycling air contains several indoor 

contaminants. The recycling air filters will quickly get dirty while the filter filtrates the particle. 

Gaseous contaminants from indoor do not get filtered at all (Abel and Elmroth, 2007). 

  
Figure 2.4 Recycling exhaust air (Abel and Elmroth, 2007) 

It is necessary to avoid the direct contact of supply and extract air because of the indoor contaminant. 

The heat exchanging devices separate the extract air and supply air. The efficiency of heat 

exchanger is based on the temperature efficiency ηt (Mattsson, 2012). 

 η
t

=
trec−te

texh−te
                                                  (Mattsson, 2012)                                                

[Eq.2.6] 

The temperature after heat recovery will be: 
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trec = te + η
t

⋅ (texh − te)  (Abel and Elmroth, 2007)                                   

[Eq.2.7] 

Where, 

trec: Air temperature after heat recovery (°C) 

texh: Extract air temperature (°C) 

te: External (outdoor) temperature (°C) 

In Sweden, the way to recover heat is by using heat exchanger, heat recovery through heat 

exchanger could be resentful recuperative and regenerative.  

As we can see in Figure 2.5 is the direct recuperative system. Being relatively inexpensive, the 

system has a high temperature efficiency. It is the mostly common system in residential buildings. 

The heat exchanger is installed between the supply air system and exhaust air system. The heat 

transfer occurs in a metal plate when recovering heat in heat exchangers. The so called 

heat-exchanging surface eliminates the risk of mixing of extract air and supply air.  

 

 

Figure 2.5 Direct recuperative heat exchanger (Abel and Elmroth, 2007) 

School library mainly used rotary exchanger. Figure 2.6 shows how the rotary heat exchanger works. 

The rotary exchanger also has the advantage of high temperature efficiency and lower installation 

cost. However, if the air flows are larger than two cubes meter per second, it is impossible to avoid a 

small amount of air leakage from extract air to the supply air. The percent of leakage region is about 

5 to 10%. The regenerative exchangers also can be used for moisture recovery, increasing the indoor 

air humidity through the supply air (Abel and Elmroth, 2007). 
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Figure 2.6 Regenerative rotary heat exchanger (Abel and Elmroth, 2007) 

Figure 2.7 shows the different types of heat exchanger and their efficiencies. It can be seen that the 

efficiency of rotary heat exchanger is higher than other type of heat exchanger (Abel and Elmroth, 

2007). 

 

 

Figure 2.7principle and efficiency for heat recover via heat exchangers. (Abel and Elmroth, 2007) 

 

Formula used to calculate the ventilation heat losses. 

Qmechanical vent = V ∙ ρ ⋅ Cp ⋅ (1 − η) ⋅ qdegree ⋅ (
h

/8760
)                               

[Eq.2.8] 

V: Air flow through ventilation system (m³/s) 

ρ: Air density 1.2374 kg/m³ according to the standard atmospheric pressure 

Cp: Specific heat capacity of air 1.012 J/kg⋅°C, according to the standard atmospheric pressure and 

temperature in 20 °C. 

q
degree

: Degree hours a year (°C⋅h/year). 
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h: ventilation system operating hours. 

2.3.1.3 Uncontrolled Ventilation loss 

For the library the infiltration losses can also referred to natural ventilation because it was designed 

to exchange air only by mechanical ventilation and the windows cannot be open. Infiltration 

happens when indoor air leaves the building through cracks and takes out heat. It has an opportunity 

to save cooling and fan electricity (Schulze, 2012).  

The amount of heat losses is determined by the insulating properties and the air-tightness of the 

building envelope. Generally, it can be calculated by Eq.2.2: 

Qinf = Qheating + Qinternal + Qsolar - Qtr - Qmec vent - Qhot tap water                             [Eq.2.9] 

 

2.3.1.4 Hot Tap Water Losses 

Hot tap water is used in the toilet and office of the library, supplied by the district heating system 

associated with Gävle Energi. Heat losses from hot tap water supply can be calculated by this 

equation: 

Qhot tap water = m ∙ Cpwater ∙ (Ts − Tg) ∙ (1/3600)                           [Eq.2.10] 

Where: 

m: the mass of hot water(kg), which is about 30 percent of the total mass of cold water.  

Cpwater: the specific heat of the water, which is 4.19 (KJ/kg•°C)  

Ts: Temperature of supply water (°C), which is 55 °C 

(Forsberg, 2013) 

Tg: Temperature of ground water (°C), which is 7 °C. It is considered the mean ground temperature 

of Gävle (Kjellsson, E, 2004). 

 

2.4 Heat Supply    

2.4.1 Space Heating (District heating) 

District heating which is an environmentally friendly method to heat residential buildings. In 

Sweden, more than 60 percent of total energy in residential houses was used for space heating and 

hot tap water in 2012. More than 50 percent of those heating demand is supplied by district heating 

(Energimyndigheten, 2009). In central Gävle some 95 percent of building are heated by district 
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heating including the Gävle University library that provided by Gävle energy AB (Gävle energi AB, 

2012). 

The district heating system is connected with single or various thermal power plants that provides 

heat energy, it was built as a closed piping network. The district heat is distributed by hot water that 

through the pipelines in district heating systems, and when the water returned, it would be reheated 

in the thermal plant and redistribution (Ericsson and Svenningsson, 2009). 

Figure 2.8 indicates the combined heat and power system, so called CHP plant. It is popular in 

northern Europe, which produces both heat and electricity. The district heating is a closed system, so 

a heat exchanger can be installed between the CHP plant and district heating system (Rezaie and 

Rosen, 2012). The figure below also shows the situation after the hot water reaches individual house. 

Worked as hot tap water, a radiators has a large thermal emit surface that can be used to transport 

heat to each room.  

 

Figure 2.8: CHP and district heating (Kristianstads Kommun, 2012) 

The district heating system has the advantages of environmental friendly features and large-scale 

power production effects. Furthermore, the heat can be utilized from different sources, such as 

industrial waste heat and solar heat. 
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The school library also uses electricity heater to increase the indoor temperature in case that outdoor 

temperature is extremely low. Electricity heaters in the library can be treated as the backup heaters. 

 

2.4.2 Internal Heat (Qint) 

The internal heat of the building consists of three parts: Heat released from occupants because of 

metabolism; heat released from lighting; heat released from electricity equipment such as computer 

and copier. 

- Heat Released from Occupants 

Our body generates heat to maintain life by metabolism. Generally, the body temperature is about 36 

oC to 37 oC, which is higher than the room temperature. Therefore, heat can be transferred from 

human body by radiation, convection and transpiration. The amount of heat released from the body 

depends on the metabolic rate. A larger metabolic rate means more energy is generated and released 

in the form of heat during a unit time (Nilsson, P. –E, 2003). Table 2.1 and Figure 2.9 show the 

different metabolic rate under different levels of activity.  

Table 2.1 Levels of activity and their corresponding metabolic rate (Nilsson, P. –E, 2003) 
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Figure 2.9 Metabolism rate (Mattsson, 2013) 

 

The following equation can be used to calculate the amount of heat emitted by human: 

Qpeople =number of people ⋅ metabolism rate ⋅ body surface area ⋅ working hours      [Eq.2.11] 

Where, the body surface area for a Scandinavian adult is 1.77 m2. 

- Heat Released from Lighting  

The first law of thermodynamics indicates that energy is conserved, cannot be created or destroyed, 

only can convert from one form to another form. The electricity energy consumed by lightings will 

convert to the same amount of light and heat. That is the reason why lighting can generate internal 

heat for the building. Unfortunately, the efficiency of lighting is pretty low, about 10%, which 

means 10% of electricity will convert to light and 90% will convert to heat. 

Hence, the amount of heat released from lighting is determined by the electricity consumption of 

lighting, which can be calculated from the operation time, number and power of lighting; and can 

also be calculated from the yearly electricity cost, about 70% of electricity consumed by lights, the 

rest is consumed by electricity equipments. 

So there are two equations can be used to calculate the heat: 

Qlights = (∑ number ⋅ power ⋅ hours) ⋅ 90%, or                                [Eq.2.12] 

Qlights = total electricity consumption ⋅ 70% ⋅ 90 %( Roland F, 2013).               [Eq.2.13] 

- Heat Released from Electricity equipments  

Electricity equipment, such as computer, printers and coffee machine, can also release heat because 

of energy conservation and energy conversion. The conversion factor is about 25%, which means 

about 25% of the electricity consumed by equipments will be converted to heat. 

There are also two approaches to calculate the heat released from electricity equipment: 

Qelec = (∑numbers ⋅ power ⋅ hours) ⋅ 25%, or                                 [Eq.2.14] 

Qelec = total electricity consumption ⋅ (1-70%) ⋅ 25% (Roland F, 2013).              [Eq.2.15] 

 

2.4.3 Solar Radiation  

Solar energy enters building through windows in the form of light and heat, and makes the room 

bright and warm. The solar radiation is determined by four parameters: area of windows, type of 

windows, cloudy factor, and orientation factor. 
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-Area of windows 

A large area of windows means more heat will transfer into building with sunlight. 

-Type of windows 

As shown in Figure 2.10, the calculation factor of normal single-glass window is 0.89, and 0.80 for 

normal two-glass window, 0.72 for normal three-glass window, 0.77 for special two-glass window 

and 0.69 for special three- glass window. The U-value is not taken into consideration in this chapter. 

Meanwhile, there are two types of window installation method.  

 

 

Figure 2.10 Different U-value and calculation factor of different windows. (Forsberg, 2013) 

 

From Figure 2.11, the installation of windows can be classified to 0-type and 10-type. The 0 type 

means windows completely expose to the sunlight therefore more solar energy can enters into rooms. 

However, the 10-type window has solid shading, preventing too much sunlight entering room. 
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Figure 2.11 two types of windows installation method (Forsberg, 2013) 

-Cloudy factor 

When the weather is raining or cloudy, less sunlight will go through the clouds and reach the room. 

So the solar energy will decrease. The cloudy factor also can be viewed as the weather variation and 

can be found below (Table 2.2). 

Table 2.2 Cloudy factors of a year 

 

Where, time during June, July and August are considered as summer vacation and not considered in 

our calculation.  

-Orientation factor 
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Different orientation causes different heat to rooms. The orientation of windows shall be checked 

from the Figure 2.12. Orientation factor can be read from Appendix 5.1 with exactly orientation and 

month. 

 

Figure 2.12 Angle of orientation. (Forsberg, 2013) 

 

Finally, the heat input by solar radiation can be calculated by the equation: 

Qsolar radiation = Areawindow ⋅ Calculation factorwindow type ⋅ cloudy factor ⋅ orientation factor 

                                                                       [Eq.2.16] 

 

3. CALCULATIONS AND RESULT 

3.1 Heat losses 

3.1.1 Transmission losses 

Firstly, the U-value can be different according to different material of the building envelope, and we 

get Table 3.1 for the U-value (Forsberg, 2013). 

Table 3.1 U-value of the building envelope 
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Where, the U-value of below wall can be found in Figure 3.1. The y-axis represents original 

U-value of the wall (above wall), which is 0.8 W/m2⋅oC in this case. And x-axis represents U-value 

of the same wall that buried underground. And the three lines between y-axis and x-axis represent 

the different depth of wall; in this case we should choose the 3meter line. Then we can get the 

U-value of below wall, which is 0.5 W/m2⋅oC.  

 

Figure 3.1 U-value of the underground wall (Forsberg, 2013) 

Next, we get the area of the building envelope by measuring and calculating from the blueprint, 

applied by Akademiska Hus. 
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Table3.2 Area of the building envelope 

 

Then, the 𝑞𝑑𝑒𝑔𝑟𝑒𝑒, which means degree hour (°C h/year) per year, can be found in the 𝑞𝑑𝑒𝑔𝑟𝑒𝑒 table 

in Appendix 2.2 according to the indoor temperature and yearly mean outdoor temperature. For this 

library, the indoor temperature is 20°C and the yearly mean outdoors temperature can be found in 

Appendix 2.1, which is 5 °C, so the degree hour is 121300 °C h/year. Besides, the mean ground 

temperature of Gävle is 7 °C from Figure 3.2. Therefore, the qdegree is 102600 °C h/year for the 

ground floor according to Appendix 2.2. 

 

Figure 3.2 Ground temperature at a depth of 100 m (Kjellsson, E., 2004) 

Since all the parameters already known, the transmission losses can be calculated as shown in Table 

3.3. And the pie chart of transmission losses is shown in Figure 3.3. 
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Table 3.3 Parameters and transmission losses through the building envelope 

 

 

Figure3.3 Pie chart of the transmission losses 

 

3.1.2 Mechanical Ventilation losses 

The calculation of Mechanical Ventilation losses of school library based on Appendix3 that provide 

by Valbo Ventilation AB. According to formula  

Qmechanical vent = V ∙ ρ ⋅ Cp ⋅ (1 − η) ⋅ qdegree ⋅ (
h

8760
) 

According to the ventilation providing area, we separate the calculation parts into 5 part LB24A, 

LB24B, LB25a, LB25b and CA01. 

The unit of airflow through the ventilation system is “V m³/s”. For LB24A𝑞𝑡𝑜𝑡𝑎𝑙 = 7.2 𝑚3/𝑠, 

LB24B 𝑞𝑡𝑜𝑡𝑎𝑙 = 6.952 𝑚3/𝑠 , LB25a 𝑞𝑡𝑜𝑡𝑎𝑙 = 2.6 𝑚3/𝑠 , LB25b 𝑞𝑡𝑜𝑡𝑎𝑙 = 2.725 𝑚3/𝑠 , and 

CA01𝑞𝑡𝑜𝑡𝑎𝑙 = 1.8 𝑚3/𝑠 (Valbo ventilation AB, 2012). 

ρ and Cp, the Air density and Specific heat capacity of air is 1.2374 kg/m³ and 1.012 J/kg⋅°C 
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The efficiency of heat recovery for rotary heat exchanger is 75% which η = 75%. 

According to Appendix 2.2 the degree hour qdegree=121300 °C h/year (Forsberg, 2013). 

The operating time for ventilation system LB24A and LB24B is from Monday to Thursday 07:45 – 

20:00 (12.25 hours), Friday 08:45 – 17:00 (8.25 hours) every working day. Which is 774 hours per 

year. 

The LB25 and CA01 is from Monday to Thursday 06:45 – 20:00 (13.75 hours), Friday 06:45 – 

17:00 (10:75 hours), and Saturday 10:00 – 14:00 (4 hours) every working day, which is 1026 hours 

per year.  

QLB24A = V ∙ ρ ⋅ Cp ⋅ (1 − η) ⋅ qdegree ⋅ (
h

8760
) = 7.2 × 1.2374 × 1.012 × (1 − 75%) × 121300 ×

(
774

8760
)= 24158 kWh 

QLB24B =6.952×1.2374× 1.012 × (1 − 75%) × 121300 × (
774

8760
)=23325.9 kWh 

QLB25a =2.6×1.2374× 1.012 × (1 − 75%) × 121300 × (
774

8760
)=8723.7 kWh 

QLB25b =2.725×1.2374× 1.012 × (1 − 75%) × 121300 × (
774

8760
)=9143.1 kWh 

QCA01 =1.8×1.2374× 1.012 × (1 − 75%) × 121300 × (
774

8760
)=6039.5 kWh 

Qtotal = QLB24A + QLB24B + QLB25a + QLB25b + QCA01 =24158kWh 

+23325.9kWh+8723.7kWh+9143.1kWh+6039.5kWh= 71390.3 kWh 

 

3.1.3 Uncontrolled Ventilation Loss  

As mentioned in the theory part, the uncontrolled ventilation loss can be calculated by Eq.2.2, so the 

uncontrolled ventilation loss is: 

Qinf = Qheating + Qinternal + Qsolar - Qtr - Qmec vent - Qhot tap water = 234982.5+ (84186.9+28860+21907.5) 

+174905.6- 386443.56-71390.3-17455.54 = 69533.1 kWh        

 

3.1.4 Hot Tap Water  

The total water consumption can be found in Appendix4, which applied by Akademiska Hus. More 

accuracy, we use the average value of 2012 and 2011 (See Table 3.4). 
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Table 3.4 Water consumption of 2012 

       

According to Forsberg (2012), the hot tap water consumption is about 30% of the total water 

consumption, so the volume of hot tap water is 1041.5 ⋅ 30% =312.45 m3. And the density of water is 

1000 kg/m3, so the mass of hot tap water (m) is 312.45 m3 ⋅ 1000kg/ m3 = 312450 kg. And the 

temperature of supply water (𝑇𝑠) is 55°C; the temperature of ground water (𝑇𝑔) is 7 °C. Then we can 

calculate the heat losses through hot tap water by the equation: 

𝑄ℎ𝑜𝑡 𝑡𝑎𝑝 𝑤𝑎𝑡𝑒𝑟 = m ⋅  𝐶𝑝𝑤𝑎𝑡𝑒𝑟 ⋅ (𝑇𝑠 − 𝑇𝑔) ⋅ (1/3600) = 312450 kg ⋅ 4.19 kJ/kg•°C ⋅ (55 °C – 7 °C) 

⋅ (1/3600) = 17455.54 kWh 

 

3.2 Heat supply 

3.2.1 Energy from Internal Heat Generation 

-Heat Released from People 

It is difficult to account the number and statement of people in the library because of the high 

movement. Some people just want to borrow a book or print, they only stay about 30 minutes then 

leave.  And some people study there; they sit several hours or even a whole day. In order to be 

accuracy, we divided a normal operation day into 10 parts and account the number and statement of 

people every one hour (See Table 3.5). 
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           Table 3.5 Number and statement of people in the library 

 

The metabolism rate and body surface area is introduced previously, and the working time for one 

year is 230 days, then we can calculate the heat as shown in Table 3.6. 

 

Table 3.6 Heat released by people 
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Lighting plays a major role in internal heat generation; the amount of heat is related to the electricity 

consumption of lighting. However, most lighting will not keep open whole day. For example, the 

toilet lighting can be used during the library open time (13 hours), but people only open it when they 

use toilet and usually turn off it when they leave, so the use efficiency is only about 20 percent. More 

data collected from Akademiska Hus can be found in Table 3.7.  

 

Table3.7 Data for the lighting 

 

And based on the equation introduced in theory part and data above, we can calculate the heat released 

from lighting. 

𝑄𝑙𝑖𝑔ℎ𝑡 = (∑ number⋅ power ⋅ hours) ⋅ 90% = 93521 ⋅ 90% = 84168.9 kWh 

 

-Heat Released from Equipment  

There are many kinds of electricity equipment in the library, the office computer only in used during 

working time (8 hours per working day) and the elevator only in used when people need. Hence there 

are also different operation time and use efficiency for the electricity equipment, which can be found 

in Table 3.8. Where, the electricity heater converts electricity energy to heat energy with almost 100% 

efficiency, so it is regarded as space heating part (that is the reason why we minus 7200 from the total 

electricity use). 
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Table 3.8 Data for the electricity equipment 

 

 

Also, the heat released from electricity can be calculated by the equation: 

𝑄𝑒𝑙𝑒𝑐 = (∑numbers ⋅ power ⋅ hours) ⋅ 25% = (94830-7200) ⋅ 25% = 21907.5 kWh 

 

3.2.2 Heat from Solar Radiation 

Solar radiation is a main source of heat transfer to the house, and it depends on four parameters as 

explained before: window area, type of window, cloudy factor and orientation of the building. To 

calculate the heat transfer by solar radiation, firstly we measured the window area and divided the 

window to 12 groups according to their orientations (See Table 3.9). Since the library is a circular 

building, we can only roughly divide the area every 30o. 

 

Table3.9 Areas of windows facing different orientations 

 

 

Secondly, we checked the calculate factor according to the window type and orientation factor. The 

calculate factor for the special 2-glass window is 0.77 as introduced in theory part. And orientation 

factor can be found in Table 3.10. 
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Table3.10 Orientation factor of windows 

 

Since the cloudy factor is introduced previously, the heat from solar radiation can be calculated by the 

equation: 

𝑄𝑠𝑜𝑙𝑎𝑟 = 𝐴𝑟𝑒𝑎𝑤𝑖𝑛𝑑𝑜𝑤 ⋅ 𝐶𝑎𝑐𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟𝑤𝑖𝑛𝑑𝑜𝑤 𝑡𝑦𝑝𝑒 ⋅ 𝐶𝑙𝑜𝑢𝑑𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 ⋅ 𝑂𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 

The heat gained by solar radiation is shown in Table 3.11, Table 3.12 and more details can be found in 

Appendix 5. 

 

Table 3.11 Heat gained by solar radiation (N-180 to E-30) 

 

 

 



Page 36 of 68 

 

Table 3.12 Heat gained by solar radiation (S0 to W150) 

 

 

3.2.3 Space Heating  

In this audit part, the district heating consumptions data of 2011, 2012 and 2013 that is provide by 

Acadimiska Hus AB. The district heating consumption can be hypothesized that is the average value 

of 2011 and 2012 (See Table 3.13). The data so called climate corrected date indicate date is purely 

district heating data that despite the temperature change due to different weather conditions. More 

information is shown in Appendix6.  

Table 3.13 Climate corrected district-heating consumption 2011Jan-2013April (Acadimiska Hus, 

2013) 

 

Month 2013 kWh 2012 kWh 2011 kWh

Jan 48618 47344 50765

Feb 38128 42853 40363

Mar 28625 25455 28902

Apr 4390 18703 11414

May 0 5225 5195

Jun 0 1349 1476

Jul 0 590 450

Aug 0 811 849

Sep 0 4141 3689

Oct 0 15787 12651

Nov 0 25637 23790

Dec 0 46142 41984

Total(kWh) 119761 234037 221528
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The Figure 3.4 shows the district heating consumptions between each month, from 2011 Jan to 2013 

April.  

 

Figure 3.4 District heating consumption 2011 Jan-2013April 

The Table 3.14 shows the average value calculated from 2011 to 2012. 

Table 3.14 the average value district heating consumption of 2011 and 2012 

 

The total heat gained from space heating is district heating (227782.5kWh from Table 3.13) plus 

electricity heating (7200 kWh, from Table 3.8), which is 234982.5 kWh. 

 

3.3 Energy Balance 

Figure 3.5 and Figure 3.6 show the proportion of each components of heat loss and heat supply for 

the Gävle University Library. 
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Figure 3.5 Heat loss of the library 

           

                     Figure 3.6 Heat supply of the library 

From Figure 3.5 it can be easily find that the transmission loss occupies the biggest (71%) of heat 

loss, which indicates a large energy saving potential. Then, heat loss from mechanical ventilation 

occupies secondly (13%), as same as the uncontrolled ventilation loss (13%), which also a good 

chances to decrease heat loss from the library. Lastly, the proportion of heat loss from hot tap water 

seems okay, it is only occupies 3%. 

From Figure 3.6, the district heating is a main heat source (42%). And the solar radiation also plays 

an important role (32%), because there is a large amount of windows on the library surface, solar 

radiation can apply heat in cold weather but may cause overheat in warm weather, then the windows 

shading should be used. Besides, lighting (16%), people (5%) and electricity equipment (4%) are 

belong to free internal heat, they are occupy 25% totally. And the electricity heater only occupies 

1%. 
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Besides, Figure 3.7 and Figure 3.8 show the heat balance of the library and normal building, data 

collected from calculation process above.        

 

     Figure 3.7 Heat balance of the library 

                                    

 

Figure 3.8 Typical building heat balance 
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Comparing the heat balance of the library and typical building heat balance (See Figure 3.8), we can 

find that the transmission loss seems occupy too much in the heat out column. Then, the heat loss 

from mechanical ventilation should be least but in our case it becomes the third, which means it may 

loss too much. Meanwhile, the heat in column of the library is generally fine except for the internal 

heat (including electricity equipment, people and lighting) occupies too much, almost as same as 

solar radiation. Finally, since the price of electricity energy is about 0.93 kr/kWh, and price of district 

heating is about 0.48 kr/kWh, the annual energy cost is (Elighting + Eelectricity equipment + Eelectricity heating) ⋅ 

0.93 + Edistrict heating ⋅ 0.48 = (93521 + 94830) ⋅ 0.93 + 227782.5 ⋅ 0.48 = 284502 SEK.    

 

4. MEASURES TO DECREASE ENERGY USE AND DICUSSION 

The energy cost for the library is divided to two parts, electricity energy cost and district heating 

energy cost. Therefore, in order to decrease energy cost, we must decrease electricity energy and 

district heating energy consumption. Since both electricity and district heating are used in the heat 

supply. The electricity is mainly used for lighting, while the district heating is mainly used to heating 

space. Therefore the energy usage can be reduced by decreasing the energy loss due to the energy 

balance theory. Here, the energy loss primarily refers to the heat loss. Then we come up with several 

methods to reduce heat loss: 

Firstly, as analyzed in chapter 3.3, transmission loss is the main part of heat loss, and occupies too 

much compared with typical building (See Figure 3.8). There is four parameters affect the 

transmission loss: building envelope area, U-value, indoor and outdoor temperature. Since the 

building envelope area and outdoor temperature cannot be changed, changing the U-value and indoor 

temperature is a good choice. Different U-value can affect the solar radiation, in other words different 

U-value means different glass (calculation factors may change).  

Secondly, as a secondary heat loss source, mechanical ventilation should be improved.   

Thirdly, since the electricity energy cannot be reduced by heat balance, so the only way to reduce it is 

decrease electricity energy consumption, and these decreases will cause internal heat change.  

 

4.1 Insulating the Building Envelope 

Figure 4.1 shows the transmission loss of each part of the building envelope.  
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Figure 4.1 Pie chart of transmission loss 

 

4.1.1 Changing the Window 

From Figure 4.1 we can find that heat loss from the window is the biggest part of transmission, 39% of 

total. As explained before, the better the insulation of building envelope, the lower U-value. In order to 

decrease heat loss, we change the type of window to special 3-glass window, whose U-value is 1.5. 

Table4.1 shows the heat loss from the window before and after changing.  

 

Table 4.1 Heat loss from the window before and after changing 

 U-value 

(W/ m2⋅°C) 

Area 

(m2) 

qdegree 

(°C h/year) 

Q 

(kWh) 

Window (before) 2.0 621.8 121300 150848.7 

Window (after) 1.5 621.8 121300 113136.5 

 

We can reduce 150848.7 - 113136.5 = 37712.2 kWh, which means 6.9% of total heat energy is saved.   

  

4.1.2 Increasing the Insulation of the Floor 

From Figure4.1 we can find that heat loss from the floor is the secondary biggest part of transmission, 

27% of total. We reduce the U-value from 0.6 to 0.3. Table 4.2 shows the heat loss from the window 

before and after changing.  
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Table 4.2 Heat loss from the floor before and after changing 

 U-value 

(W/ m2⋅°C) 

Area 

(m2) 

qdegree 

 (°C h/year) 

Q 

(kWh) 

Floor (before) 0.6 1659.78 102600 102176 

Floor (after) 0.3 1659.78 102600 51088 

We can reduce 102176 – 51088 = 51088kWh, which means 9.38% of total heat energy saved.   

 

4.1.3 Increasing the Insulation of the Roof 

From Figure 4.3 we can find that heat loss from the roof is the tertiary part of transmission, 18% of total. 

We reduce the U-value from 0.4 to 0.2. Table 4.3 shows the heat loss from the roof before and after 

changing.  

Table 4.3 Heat loss from the roof before and after changing 

 U-value 

(W/ m2⋅°C) 

Area 

(m2) 

𝑸𝒅𝒆𝒈𝒓𝒆𝒆 

(°C h/year) 

Q 

(kWh) 

Roof (before) 0.4 1452.25 121300 70463.2 

Roof (after) 0.2 1452.25 121300 35231.6 

We can reduce 70463.2– 35231.6 = 35231.6kWh, which means 6.47% of total heat energy is saved.   

 

4.1.4 Increasing the Insulation of the Wall   

From Figure 4.1 we can find that heat loss from the floor is the quartos part of transmission, 13% of 

total. We reduce the U-value of wall expose to the air (above wall) from 0.8 to 0.5. Then according 

to Figure 3.1, the U-value of below wall is 0.34. Table 4.4 shows the heat loss from the wall before 

and after changing.  

Table 4.4 Heat loss from the wall before and after changing 

  U-value Area ,𝑸-𝒅𝒆𝒈𝒓𝒆𝒆.  Q  

(W/ m2⋅°C) 
(m2) (°C h/year) (kWh) 

Wall (above, before) 0.8 529.48 121300 51380,7392 

Wall (below, before) 0.5 217.602 102600 11162,9826 

Wall (above, after) 0.5 529.48 121300 32112.96 

Wall (below, after) 0.34 217.602 102600 7590.83 
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We can reduce (51381+11163) – (32113+7591) = 22839.93kWh, which means 4.19% of total heat 

energy saved.       

 

4.1.5 Total Energy Saving by Insulation the Building Envelop 

According to Table 4.5, it can be found that the total energy reduces is 146871.7kWh.   

Table 4.5 Total energy saving (after insulate the building envelope) 

 

 

 

 

 

 

 

 

Meanwhile, since the transmission loss through the wall and the window is reduced, the temperature 

around this area will be increased, which solve the inhomogeneous distribution problem. 

 

4.2 Reduce Indoor Temperature 

Reducing indoor temperature means a lower temperature difference, which causes lower transmission 

loss and less heat loss from mechanical ventilation. Table 4.6 and Table 4.7 show the heat before and 

after indoor temperature changing (includes changing U-value and only change indoor temperature). 

From Figure 4.2 we can find that student performance at 19 oC will be better than that of 20 oC, so the 

indoor temperature changed from 20 oC to 19 oC. Therefore the qdegree becomes 115200 °C h/year and 

97100 °C h/year for below wall and floor according to Appendix 2.2. 

 Qtr  

(kWh/year) 

Before 

Qtr  

(kWh/year) 

After 

Total energy 

Reduce 

(kWh/year) 

Percentage of 

energy saving 

Total cost 

Reduce 

(SEK/year) 

Window 150848.68 113136.51 37712.17 6.92%  

Door 411.93 411.93 0 0% 0 

Wall (above) 51380.74 32112.96 19267.78 4.19% 

 Wall (below) 11162.98 7590.83 3572.15 

Floor 102176.05 51088.03 51088.02 9.38%  

Roof 70463.17 35231.59 35231.58 6.47%  

Total 386443.56 239571.85 146871.7 26.96% 70498.4 
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Figure 4.2 Student performance and indoor temperature (Mattson, 2013) 

 

Table4.6 Heat reduces, only change indoor temperature 

Table 4.7 Heat reduces after change indoor temperature and U-value 

 U-value 

(W/ m2⋅°C) 

Before 

qdegree 

(°C h/year) 

Before  

Qtr  

(kWh) 

Before 

U-value 

(W/ m2⋅°C) 

After 

𝒒𝒅𝒆𝒈𝒓𝒆𝒆  

(°C h/year) 

After 

Q  

(kWh) 

After 

Total Heat 

Reduce 

(kWh) 

Total cost 

Reduce 

(SEK/year) 

Window 2.0 121300 150848.68 1.5 115200 107447.04 43401.64  

Door 0.8 121300 411.93 0.8 115200 391.22 20.71  

Wall (above) 0.8 121300 51380.74 0.5 115200 30498.048 20882.692  

Wall (below) 0.5 102600 11162.98 0.34 97100 7183.8464 3979.1336  

Floor 0.6 102600 102176.05 0.3 97100 48349.3914 53826.6586  

Roof 0.4 121300 70463.17 0.2 115200 33459.84 37003.33  

Mechanical 

ventilation 

 121300 71390.3  115200 67800.9 

 

3589.40 

 

 

Total       162703.57 78097.7 

 

 qdegree 

(°C h/year) 

Before  

Qtr  

(kWh) 

Before 

𝒒𝒅𝒆𝒈𝒓𝒆𝒆  

(°C h/year) 

After 

Qtr  

(kWh) 

After 

Total Heat 

Reduce 

(kWh) 

Total cost 

Reduce 

(kWh) 

Window 121300 150848.68 115200 143262.72 7585.96  

Door 121300 411.93 115200 391.22 20.71  

Wall (above) 121300 51380.74 115200 48796.88 2583.86  

Wall (below) 102600 11162.98 97100 10564.58 598.4  

Floor 102600 102176.05 97100 96698.78 5477.27  

Roof 121300 70463.17 115200 66919.68 3543.49  

Mechanical 

ventilation 

121300 71390.3 

 

115200 67800.9 

 

3589.40 

  

Total  

 

 

 

23399.81 
11231.9 
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Table 4.8 shows the percentage of heat saving of three methods: only change indoor temperature, only 

change U-value of the building envelope and change both. Compared with three methods it can be 

found that changing both temperature and U-value get the most heat-saving effect, and only change 

indoor temperature will not affect the total heat loss too much. 

Table4.8 Percentage of heat saving 

 

4.3 Solar Radiation Change caused by window change 

As mentioned before, solar radiation are affected by window type. Since we have changed the window 

in chapter 4.11, the solar radiation would also change. The new window type is 3-glass special window, 

which calculation factor is 69%. We assume the window area is fixed, then the heat in from solar 

radiation is (174905.6/0.77) ∙ 0.69 = 156733.6 kWh. The total energy input reduce is 174905.6 – 

156733.6 = 18172 kWh.  

 

4.4 Ventilation Improvement 

The average airflow rate in the library is about 4.2554 m3/s. In peak time the numbers of people is 

about 202. So each people acquires 4.2554/202=0.021 m3/s. The lowest ventilation airflow is 0.007 

m3/s. The result seems to be good enough, but the student informed us the group room in the fourth 

floor the air seems to be not fresh and dirty. According to Valbo Ventilation AB report, the company 

records the airflow rate in each room. The record showed in each group room of fourth floor the 

airflow rate is 0.003 m3/s. During peak time the group room usually fills in 4 to 6 person and the 

 Percentage of heat 

saving 

(Only change indoor 

temperature) 

Percentage of heat 

saving 

(Only change 

U-value) 

Percentage of heat 

saving 

(Change indoor 

temperature and 

U-value) 

Window 1.39% 6.92% 7.97% 

Door 0.0038%        0% 0.0038% 

Wall (above)      0.58% 

 

4.19%      4.56% 

 Wall (below) 

Floor 1.01% 9.38% 9.88% 

Roof 0.65% 6.47% 6.79% 

Mechanical ventilation 0.66% 0% 0.66% 

Total 4.30% 26.96% 29.86% 
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group room is well sound insulation when the door was shut. Each people acquires 

0.003/6=0.005 𝑚3/𝑠, it lowers the acceptable air flow rate. This dissatisfaction caused by such a 

lower airflow rate and the air is not fresh are probably caused by the filter which is dirty for a long 

time. 

Also the heat loss due to ventilation system is 71390.3 kWh about 13% of the total heat losses. An 

Infrared Red (IR) sensor can be introduced in each group room. When the IR sensor detects more 

people in the group room and other room without people, it will increase the airflow rate, similarly 

when the room is empty it will decrease the airflow rate.  

Increasing the airflow rate from the ventilation system seems not to be a good idea. Activating the 

ventilation system needs lots of energy. Each ventilation system uses the same pipe to reach the 

supplied room. We assume a new module, an adjustable supply air portal can be introduced and 

cooperate with IR sensor in each area. Firstly, keep airflow constant. Secondly, when the IR sensor 

detected some areas are empty it narrows the supply air portal. Thirdly, when some supply air 

portals are narrowed supply air will reach the area and vice versa.  

 

4.5 Lighting Improvement  

The percentage of electricity consumption on Lighting is about 32.5% and it almost the largest 

electricity consumption in the library. Some people suggested changing the LED light. In my 

opinion changing the light is not a good idea. It is well known that the library are using energy 

saving lamp as much as possible. It is unnecessary to change the LED light because it would cost 

hugely. The lighting on the bookshelf has been already installed a sensor. As long as people 

approached the bookshelf, it would be turned on automatically. 

There are few reasons leading to high electricity consumption. 

-Light distribution  

Reduce the number of light at the same time enlarge the light distribution. Make full use of one light 

and make the light uniformed distributed into each area. Installing reflection shell is necessary. 

-Operating time 

The light operating time of the library is about 230 days per year. The peak time of the library is 

from 11:00 to 15:00. The library is welled designed so the natural light is satisfactory from 8:00 to 
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14:00. Especially during summer, because of the strong sunlight the staff has to lower the curtain 

down. Keep the light on all the time, which is a waste of both natural light and electricity. During 

the night the light is still on from 19:00 to the next day. A climate sensor could be introduced in the 

library. When the weather is sunny the light will be turn off automatically. According to the library 

working hour from Monday – Thursday 8:00-19:00 Friday 8:00-17:00 Saturday 10:00-14:00 the 

operating time can be changed as below: 

Table 4.9 Electricity before and after lighting improvement 

Lighting Time (h) Day/year New Time (h) New 

Day/year 

Electricity Energy 

(kWh/year) 

New Electricity 

Energy (kWh/year) 

WC 13 230 5 88 574 218.12 

Hall 13 230 6 106 2915 1343.4 

Basement 13 230 10 176 2093 1601.6 

Emergency 

Stairwells 
24 365 24 230 35040 35040 

Bookshelf 13 230 5 88 27441 10499.16 

Staff work 

place 
13 230 8 141 8163 5004.27 

DALI 13 230 8 141 14155 8677.63 

Group Room 13 230 7 124 3140 1692.87 

Total     93521 64077 

 

The electricity price is 0.93 SEK/kWh. So it cost 64077 kWh ⋅ 0.93 SEK/kWh = 59592 SEK per 

year and will save 93521 kWh ⋅ 0.93 SEK/kWh – 59592 SEK = 86975 – 59592 = 27383 SEK per 

year. And the heat released by lighting also changed: 

Qlight = (∑ number⋅ power ⋅ hours) ⋅ 90%=64077⋅90%=57669.3 kWh 

 

4.6 Discussion 

There is a problem with the method decreasing indoor temperature: some people say that the indoor 

temperature is already low enough, and they don’t want it decrease. For this problem we made a 
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PMV (Predicted Mean Vote) index questionnaire. Figure 4.6 shows the PMV scale, the numbers 

stand for people’s feeling about indoor temperature (Humphreys, 2002).  

It can be influenced by gender, clothing insulation, even the position of informant. In order to 

accurately reflect how people feel about the library indoor temperature, we ask 10 female and 10 

male in similar clothes and different position to do the questionnaire, and the result is shown in 

Appendix 7.  

                             

 

Figure 4.6 PMV scale (Mattson, 2013) 

The PMV vote average is -0.5, which means people feel between neutral and slightly cool. Based on 

this questionnaire, it seems that decreasing indoor temperature is not suitable. After all, this method 

only reduces 4.3% of the total energy use.  

 

4.7 New Energy Balance 

Based on the insulation of the building envelope, we attain obvious changes in both proportion and 

amount of the heat loss and heat in by decreasing the indoor temperature and improving lighting and 

ventilation. Since it is really difficult to say how much energy loss will be reduced after ventilation 

improvement because it depends on the actual condition, we assume the heat loss from mechanical 

ventilation only changed by indoor temperature change. Figure 4.3 and Figure 4.4 show us the pie 

charts of new heat loss and new heat supply. 
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Figure 4.3 New heat loss of the library 

 

 

             

Figure 4.4 New heat in of the library 

Compared Figure 4.3 with Figure 3.5 (Heat loss of the library) it can be found that the transmission 

losses significantly dropped from 71% to 61% while the mechanical ventilation loss increased from 

13% to 17%. This is mainly because its amount decreased a little. Besides, the uncontrolled 

ventilation losses and hot tap water losses also increased because we assume they are fixed and the 

total amount of heat is decreased. Actually, the uncontrolled ventilation losses should be decreased 

because of a better-insulated building envelope. 

On the one hand, we can also find that the proportion of district heating decreased from 42% to 31% 

by comparing Figure 4.4 to Figure 3.6 (Heat in of the library) and the heat released by lighting also 
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decreased from 16% to 15%. On the other hand, the heat from solar radiation has increased from 32% 

to 40% because change windows only have a small influence, and proportion of heat released by 

people, electricity equipment and electricity heating have also increased because we assume they are 

fixed and the total amount of heat is decreased.    

 

Figure4.5 New heat balance of the library 

Figure 4.5 indicates that the total amount of heat loss and heat input is decreased, especially the 

transmission loss and district heating. Meanwhile, the mechanical ventilation loss, uncontrolled 

ventilation loss, heat from solar radiation, people, electricity equipment and electricity heating are 

assumed to be fixed.  

Finally, the new annual energy cost is (Elighting + Eelectricity equipment + Eelectricity heating) ∙ 0.93 + Edistrict 

heating ∙ 0.48 = (64077 + 87630 + 7200) ∙ 0.93 + 121991 ∙ 0.48 = 147783.51 + 58555.68 = 206339 

SEK. So the library can save 284502 – 206339 = 78163 SEK/year. 
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5. CONCLUSION 

The sum of electricity and district heating energy use of Gävle University Library is approximately 

416134.5 kWh. Furthermore, the total energy loss is 544821 kWh, among which 71% is lost by 

transmission. Therefore, the heat loss by transmission through the building envelope becomes the 

largest portion. In order to reduce the transmission losses, adding insulation is an efficient way, 

especially by changing window pane type. Meanwhile, since the transmission losses through the wall 

and the window is reduced, the temperature around this area will be increased, which solves the 

inhomogeneous distribution problem. 

Lighting waste lots of electricity, because the library was welled design and the natural light is 

adequate. By adding reflection shell to increase the lighting distribution, adjust the operating time at 

the same time. Totally saved electricity is 29444 kWh or 27383 SEK. 

The mechanical ventilation loss is about 71390 kWh. To reduce the energy use as well as keep a 

good indoor climate, new technology like Infrared Red (IR) sensor can be used. We also assume a 

new module -adjustable supply air portal, which saves energy and keeps a better indoor climate. 

Reducing energy by lower the indoor temperature seems to be an effective way. However, informed 

by library staffs and students, they have already felt slightly cold. We recommend, keep the original 

temperature.  

Briefly speaking, after our energy audit for the library, 78163 SEK can be saved.  
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APPENDIX:  

Appendix1: Blueprint of the library 

 

Figure appendix1.1 blueprint of the library, 1st floor 

 

Figure appendix1.2 blueprint of the library, 2nd floor 
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Figure appendix1.3 blueprint of the library, 3rd floor 

 

Figure appendix1.4 blueprint of the library, 4th floor 
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Appendix2: Transmission Losses 

Table appendix 2.1: The annual outdoor temperature of Gävle 
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Table appendix 2.2: qdegree value 
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Appendix3: Mechanical Ventilation. 

 

Figure appendix3. Airflow rate of mechanical ventilation system 
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Appendix4: Hot tap water. 

 

 

Figure appendix4. Cold water consumption of 2012 and 2011 
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Appendix5. Solar Radiation 

 

Table appendix5.1 Orientation factor 
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Table appendix5.2: Solar radiation for N-180 side windows 

N-180       

Month Window area (m2) 2-glass, special 

Calculation  

factor 

Cloudy 

factor 

Days Orientation 

factor 

(Wh/m2) 

Solar 

Radiation 

(kWh) 

January 86,72 0,77 0,45 31 130 121,0953744 

February 86,72 0,77 0,49 28 370 338,9735642 

Mars 86,72 0,77 0,58 31 370 444,2233734 

April 86,72 0,77 0,58 30 1350 1568,530656 

May 86,72 0,77 0,63 31 2350 3064,644475 

June 86,72 0,77 0,63 10 3210 1350,378691 

July 86,72 0,77 0 0 2830 0 

August 86,72 0,77 0 0 1700 0 

September 86,72 0,77 0,58 30 900 1045,687104 

October 86,72 0,77 0,51 31 510 538,4086646 

November 86,72 0,77 0,42 30 200 168,271488 

December 86,72 0,77 0,43 31 80 71,20822016 

 

Table appendix5.3: Solar radiation for N-150 side windows 

N-150       

Month Window area  

(m2) 

2-glass, special 

Calculation  

factor 

Cloudy  

factor 

Days Orientation  

factor 

(Wh/m2) 

Solar  

Radiation  

(kWh) 

January 87,37 0,77 0,45 31 130 122,0030312 

February 87,37 0,77 0,49 28 370 341,5143024 

Mars 87,37 0,77 0,58 31 900 447,5529997 

April 87,37 0,77 0,58 30 1990 2329,460687 

May 87,37 0,77 0,63 31 3050 4007,330331 

June 87,37 0,77 0,63 10 3870 1640,229337 

July 87,37 0,77 0 0 2830 0 

August 87,37 0,77 0 0 3510 0 

September 87,37 0,77 0,58 30 2380 2785,988159 

October 87,37 0,77 0,51 31 530 563,7165696 

November 87,37 0,77 0,42 30 200 169,532748 

December 87,37 0,77 0,43 31 80 71,74195336 
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Table appendix5.4: Solar radiation for N-120 side windows 

N-120       

Month Window area  

(m2) 

2-glass, special 

Calculation  

factor 

Cloudy  

factor 

Days Orientation  

factor 

(Wh/m2) 

Solar  

Radiation  

(kWh) 

January 95,97 0,77 0,45 31 160 164,9378808 

February 95,97 0,77 0,49 28 640 648,8738995 

Mars 95,97 0,77 0,58 31 1720 491,6065169 

April 95,97 0,77 0,58 30 3320 4268,876119 

May 95,97 0,77 0,63 31 4460 6436,700798 

June 95,97 0,77 0,63 10 5230 2434,828958 

July 95,97 0,77 0 0 4910 0 

August 95,97 0,77 0 0 3720 0 

September 95,97 0,77 0,58 30 2200 2828,773332 

October 95,97 0,77 0,51 31 1010 1179,993089 

November 95,97 0,77 0,42 30 270 251,3972538 

December 95,97 0,77 0,43 31 90 88,65411093 

 

Table appendix5.5: Solar radiation for E-90 side windows 

E-90       

Month Window area  

(m2) 

2-glass, special 

Calculation  

factor 

Cloudy 

factor 

Days Orientation  

factor 

(Wh/m2) 

Solar  

Radiation  

(kWh) 

January 53,33 0,77 0,45 31 550 315,0643073 

February 53,33 0,77 0,49 28 1550 873,2691506 

Mars 53,33 0,77 0,58 31 3050 273,1830317 

April 53,33 0,77 0,58 30 4750 3393,947865 

May 53,33 0,77 0,63 31 5630 4515,157945 

June 53,33 0,77 0,63 10 6190 1601,376708 

July 53,33 0,77 0 0 5950 0 

August 53,33 0,77 0 0 5020 0 

September 53,33 0,77 0,58 30 3520 2515,093997 

October 53,33 0,77 0,51 31 2110 1369,861418 

November 53,33 0,77 0,42 30 840 434,6224344 

December 53,33 0,77 0,43 31 350 191,5845586 
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Table appendix5.6: Solar radiation for E-60 side windows 

E-60       

Month Window area  

(m2) 

2-glass, special 

Calculation  

factor 

Cloudy 

factor 

Days Orientation  

factor 

(Wh/m2) 

Solar  

Radiation  

(kWh) 

January 32,86 0,77 0,45 31 1440 508,2705936 

February 32,86 0,77 0,49 28 2900 1006,723934 

Mars 32,86 0,77 0,58 31 4520 168,3254157 

April 32,86 0,77 0,58 30 5850 2575,510938 

May 32,86 0,77 0,63 31 6150 3039,034591 

June 32,86 0,77 0,63 10 6350 1012,214511 

July 32,86 0,77 0 0 6280 0 

August 32,86 0,77 0 0 5850 0 

September 32,86 0,77 0,58 30 4820 2122,04491 

October 32,86 0,77 0,51 31 3570 1428,099182 

November 32,86 0,77 0,42 30 1910 608,9227452 

December 32,86 0,77 0,43 31 1060 357,5150256 

 

Table appendix5.7: Solar radiation for E-30 side windows 

E-30       

Month Window area  

(m2) 

2-glass, special 

Calculation  

factor 

Cloudy  

factor 

Days Orientation  

factor 

(Wh/m2) 

Solar  

Radiation 

 (kWh) 

January 32,86 0,77 0,45 31 2360 832,9990284 

February 32,86 0,77 0,49 28 4280 1485,785668 

Mars 32,86 0,77 0,58 31 5740 168,3254157 

April 32,86 0,77 0,58 30 6370 2804,445244 

May 32,86 0,77 0,63 31 5980 2955,028757 

June 32,86 0,77 0,63 10 5820 927,7304652 

July 32,86 0,77 0 0 5820 0 

August 32,86 0,77 0 0 6070 0 

September 32,86 0,77 0,58 30 5760 2535,887693 

October 32,86 0,77 0,51 31 4960 1984,137799 

November 32,86 0,77 0,42 30 3040 969,1754688 

December 32,86 0,77 0,43 31 1770 596,982637 
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Table appendix5.8: Solar radiation for S 0 side windows 

S 0       

Month Window area  

(m2) 

2-glass, special 

Calculation  

factor 

Cloudy  

factor 

Days Orientation  

factor 

(Wh/m2) 

Solar  

Radiation  

(kWh) 

January 69,52 0,77 0,45 31 2710 2023,690007 

February 69,52 0,77 0,49 28 4880 3584,052989 

Mars 69,52 0,77 0,58 31 6320 356,116339 

April 69,52 0,77 0,58 30 6410 5970,459634 

May 69,52 0,77 0,63 31 5730 5990,42112 

June 69,52 0,77 0,63 10 5450 1837,966284 

July 69,52 0,77 0 0 5590 0 

August 69,52 0,77 0 0 5970 0 

September 69,52 0,77 0,58 30 6130 5709,659525 

October 69,52 0,77 0,51 31 5620 4756,293807 

November 69,52 0,77 0,42 30 3480 2347,200979 

December 69,52 0,77 0,43 31 2030 1448,527271 

 

Table appendix5.9: Solar radiation for S 30 side windows 

S 30       

Month Window area  

(m2) 

2-glass, special 

Calculation  

factor 

Cloudy  

factor 

Days Orientation  

factor 

(Wh/m2) 

Solar  

Radiation  

(kWh) 

January 32,86 0,77 0,45 31 2360 832,9990284 

February 32,86 0,77 0,49 28 4280 1485,785668 

Mars 32,86 0,77 0,58 31 5740 168,3254157 

April 32,86 0,77 0,58 30 6370 2804,445244 

May 32,86 0,77 0,63 31 5980 2955,028757 

June 32,86 0,77 0,63 10 5820 927,7304652 

July 32,86 0,77 0 0 5890 0 

August 32,86 0,77 0 0 6070 0 

September 32,86 0,77 0,58 30 5760 2535,887693 

October 32,86 0,77 0,51 31 4980 1992,138354 

November 32,86 0,77 0,42 30 3040 969,1754688 

December 32,86 0,77 0,43 31 1770 596,982637 
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Table appendix5.10: Solar radiation for S 60 side windows 

S 60       

Month Window are 

(m2) 

2-glass, special 

Calculation  

factor 

Cloudy  

factor 

Days Orientation  

factor 

(Wh/m2) 

Solar  

Radiation 

(kWh) 

January 32,86 0,77 0,45 31 1440 508,2705936 

February 32,86 0,77 0,49 28 2900 1006,723934 

Mars 32,86 0,77 0,58 31 4520 168,3254157 

April 32,86 0,77 0,58 30 5850 2575,510938 

May 32,86 0,77 0,63 31 6150 3039,034591 

June 32,86 0,77 0,63 10 5350 852,810651 

July 32,86 0,77 0 0 6280 0 

August 32,86 0,77 0 0 5850 0 

September 32,86 0,77 0,58 30 4820 2122,04491 

October 32,86 0,77 0,51 31 3570 1428,099182 

November 32,86 0,77 0,42 30 1910 608,9227452 

December 32,86 0,77 0,43 31 1060 357,5150256 

 

Table appendix5.11: Solar radiation for W 90 side windows 

W 90       

Month Window area 

(m2) 

2-glass, special 

Calculation  

factor 

Cloudy  

factor 

Days Orientation  

factor 

(Wh/m2) 

Solar  

Radiation  

(kWh) 

January 31,34 0,77 0,45 31 550 185,1512355 

February 31,34 0,77 0,49 28 1550 513,1868588 

Mars 31,34 0,77 0,58 31 3050 160,5392127 

April 31,34 0,77 0,58 30 4750 1994,49327 

May 31,34 0,77 0,63 31 5630 2653,385524 

June 31,34 0,77 0,63 10 6190 941,0678046 

July 31,34 0,77 0 0 5950 0 

August 31,34 0,77 0 0 5020 0 

September 31,34 0,77 0,58 30 3520 1478,024486 

October 31,34 0,77 0,51 31 2110 805,0151294 

November 31,34 0,77 0,42 30 840 255,4109712 

December 31,34 0,77 0,43 31 350 112,5869129 
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Table appendix5.12: Solar radiation for W120 side windows 

W 120       

Month Window area 

(m2) 

2-glass, special 

Calculation  

factor 

Cloudy  

factor 

Days Orientation  

factor 

(Wh/m2) 

Solar 

Radiation  

(kWh) 

January 81,11 0,77 0,45 31 160 139,3988904 

February 81,11 0,77 0,49 28 640 548,4022298 

Mars 81,11 0,77 0,58 31 1720 415,4861372 

April 81,11 0,77 0,58 30 3320 3607,88311 

May 81,11 0,77 0,63 31 4640 5659,59495 

June 81,11 0,77 0,63 10 5230 2057,81991 

July 81,11 0,77 0 0 4910 0 

August 81,11 0,77 0 0 3720 0 

September 81,11 0,77 0,58 30 2200 2390,765916 

October 81,11 0,77 0,51 31 1010 997,2828951 

November 81,11 0,77 0,42 30 270 212,4708894 

December 81,11 0,77 0,43 31 90 74,92690359 

 

Table appendix5.13: Solar radiation for W150 side windows 

W 150       

Month Window area 

(m2) 

2-glass, special 

Calculation  

factor 

Cloudy 

factor 

Days Orientation  

factor 

(Wh/m2) 

Solar  

Radiation 

(kWh) 

January 32,86 0,77 0,45 31 130 45,8855397 

February 32,86 0,77 0,49 28 370 128,4440881 

Mars 32,86 0,77 0,58 31 900 168,3254157 

April 32,86 0,77 0,58 30 1990 876,1139772 

May 32,86 0,77 0,63 31 3050 1507,163496 

June 32,86 0,77 0,63 10 3870 616,8929382 

July 32,86 0,77 0 0 3510 0 

August 32,86 0,77 0 0 2380 0 

September 32,86 0,77 0,58 30 1230 541,5176844 

October 32,86 0,77 0,51 31 530 212,0147245 

November 32,86 0,77 0,42 30 200 63,761544 

December 32,86 0,77 0,43 31 80 26,98226608 
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Appendix6. District heating 
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Appendix7. PMV index vote 
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