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Abstract 
 

As energy is the main ‘fuel’ for social and economic development, and since energy-related 

activities have significant environmental impacts, it is important for decision-makers to have 

access to reliable and accurate data. That is why this master thesis presents an energy audit for 

building eleven of the University of Gävle. 

The objective is to study the energy use and put forward measure to reduce the energy use 

where it is possible proposing different efficiency measures. 

The energy study reveals that the total amount of energy exchanged rises to 1170 MWh. 

From energy supply, 57% of the total amount of energy, which means 678 MWh are provided 

by the local district heating grid. The percentage remaining, 42%, is considered free heating and 

it is divided between internal heat generation and solar radiation with 23% and 19% energy 

contribution respectively. 

On the other hand, the major energy lost is caused by transmission losses, which represents a 

67% of the total energy lost. Deep analysis of transmission losses reveals that 37% of the energy 

is lost through walls and 33% through windows, which is the weakest path of transmission 

losses. Moreover, 16% of the total amount of energy lost is due to mechanical ventilation. 

Finally, the 17% energy remaining is divided into hot tap water and natural ventilation energy 

with 4% and 13% respectively.   

Once the energy audit has been performed some energy reduction measures have been 

proposed. They have been listed in priority order taking into account ease of doing, savings, 

investment cost and payback time. The highest priority measure should be: reduce indoor 

temperature as it does not require any investment. 

The next measures to be implemented should be the ones with lower pay-back time such as the 

installation of solar collectors and increasing insulation. Finally, windows renewal should be 

next. 

With the performance of this thesis not only the University of Gävle could take advantage but 

also students, as reducing costs in terms of energy would make the University able to invest the 

money saved in other educational improvements. Finally the environment would also take 

advantage of this thesis as the CO2 emissions would be reduced. 
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1 Introduction 

Nowadays the increase of energy prices, the threat of global warming and a greater 

competition due to the increasing globalization companies and institutions are forced to 

look into innovative measures in order to reduce their energy use as well as to be more 

sustainable towards the environment.  

Generally, there are four means to reduce costs: implementing energy-efficient 

technologies, energy carrier conversion, load management, and more energy-efficient 

behavior [1]. Furthermore, the first important step in a successful energy management 

program is an energy audit.  

Energy audit is a powerful tool to achieve interesting energy savings. The reduction of 

energy costs is a key to improve companies competitiveness and for this reason the 

realization of an energy audit of industrial sites is not only a specific obligation foreseen 

by the European Directives but also a real opportunity for the companies [2]. 

1.1 Objectives 

The main goal of this Master Thesis is to perform a complete energy audit of building 

eleven of the University of Gävle in order to study the amount of energy that is used and 

how could it be reduced.  

The second aim of the thesis is to provide different ways of saving energy while making a 

priority list taking into account the ease of conduct of these options as well as their 

economical savings. 

 With the performance of this thesis the University of Gävle could study the possibility of 

making some improvements in order to reduce the energy use that would also minimize 

the energy cost. Moreover, reducing costs in terms of energy would make able to invest 

this money saved in other educational improvements; then, it can be stated that the 

students would also be beneficiated with this study. Finally the environment would take 

advantage of this thesis as the CO2 emissions could be reduced. 

1.2  Högskolan I Gävle 

Högskolan i Gävle (in English: University of Gävle) is a university college (högskola) 

located in Gävle, Sweden. 
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The university was founded in 1977 and nowadays is organized into three academies and 

nine departments [3].  

The facilities of the campus consist on various buildings used by the Swedish infantry 

since 1909. The military stopped utilizing the buildings 1993 after which, in 1997, the 

university's new campus was inaugurated. In 2006 an addition was made to the campus in 

form of a new library [3]. 

Högskolan i Gävle has approximately 14 500 students, more than 50 study programmes 

and second-cycle programmes, about 1 000 courses in humanities, social and natural 

sciences and technology [3]. 

Through a well developed collaboration with other higher education institutions, local 

and regional businesses, and the civil and public sector, the University of Gävle provides 

[3]: 

1. a range of professional education and training programmes satisfying society´s 

need for skills at the local, regional and national levels, and that are requested by 

our students. 

2. first and second cycle education programmes in our strong areas, research and 

third cycle programmes of a high international standard in our profile areas. 

3. high accessibility to the university´s education programmes through flexible 

solutions with unlimited study opportunities in time and space,an attractive and 

stimulating working and learning environment with distinct international 

elements. 

1.3 Background 

1.3.1 World energy supplies 

World energy use has increased enormously over the last century, driven by a rising 

population, industrialization and economic growth [4].  

The energy used by a final consumer is usually the end result of a series of energy 

conversions. For example, energy from burning coal may be converted in a power station 

to electricity, which is the distributed to households and used in immersion heaters to heat 

water un domestic hot water tanks. The energy released when the coal is burned is called 

the primary energy required for that use. The amount of electricity reaching the 
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consumer, after conversion losses in the power station and transmission losses in the 

electricity grid, is the delivered energy. After further losses in the tank and piper, a final 

quantity, called the useful energy, comes out of the hot tap [5]. 

World total annual use of all primary energy forms increased more than tenfold during 

the twentieth century. Figure 1 reveals how the energy situation has change during the 

past years and until 2012 [6]. 

 

Figure 1: Energy use evolution [6] 

World primary energy use grew by a below-average 1.8% in 2012. Oil remains the 

world’s leading fuel, accounting for 33 % of global energy consumption, but this figure is 

the lowest share on record and oil has lost market share for 13 years in a row. 

Hydroelectric output and other renewables in power generation both reached record 

shares of global primary energy use (7% and 2%, respectively) [6]. 

It is considered that the energy used is associated to the development of a country, being 

those more develop the ones that use most of the worldwide energy [7]. However, this 

theory is changing as the countries in development are increasing their amount of energy 

use. For instance, China has doubled their energy use in the last ten years [8].  

What it can be seen in Figure 2, following the same color patterns of Figure 1, is that the 

Asia Pacific region accounted for a record 40% of global energy use and 70% of global 

coal consumption in 2012; the region also leads in oil and  hydroelectric generation. 

Europe & Eurasia is the leading region for consumption of natural gas, nuclear power, 
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and renewables. Coal is the dominant fuel in the Asia Pacific region, the only region 

dependent on a single fuel for more than 50% of total primary energy use. Natural gas is 

dominant in Europe & Eurasia, and oil is dominant in other regions [6]. 

 

Figure 2: Regional consumption pattern in 2012 [6] 

Furthermore, analyzing the energy use by sectors it can be seen in Figure 3 that the 

building sector, that is the one that has to be taken into consideration in this master thesis, 

achieves the 48% of the total energy use followed by the transportations sector with a 

27% and finally the industry sector with a 25% [9]. 

 

Figure 3: Energy use distribution by sectors 
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Moreover, the increase of fossil fuel consumption has notable negative consequences for 

the environment. Each production activity that involves combustion processes from fuels 

makes the global CO2 concentration increase.  

The following figure (Figure 4) presents the evolution of the CO2 emission from 1990 to 

2010 of different countries. 

 

Figure 4: Evolution of  CO2 emissions [10] 

The highest and middle income countries in the world at this moment seem to be 

inefficient in utilizing their resources in the process of human development, giving them 

the low opportunity to achieve the sustainable human development [11]. 

To have better opportunity to achieve the sustainable human development, each 

inefficient country must improve  its efficiency in utilizing resources to promote human 

development of its people. To do so, the government and the  authorities in the country 

need to have the appropriate policy formulation and implementation to reduce its carbon  

dioxide emission, electric consumption and energy use by at least the amount suggested 

by this study without lowering the current level of human development [11].  

1.3.2 Energy use in Sweden 

Historically, Sweden has been very dependent on the import and use of fossil fuels. But 

the development of nuclear power and hydro power, starting in the 1970s, together with 

earlier development of large scale hydro power, and later on bioenergy, has moved 

Sweden towards being a low carbon economy [12]. 
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The quantity of total energy supplied has increased by 34 % since the beginning of the 

1970s, reaching 614 TWh in 2010. The actual make up of this supply has changed greatly 

during the period. In 1970, crude oil and oil products supplied 77 % of Sweden’s total 

energy input, falling to 31 % in 2010. Oil has been replaced primarily by nuclear power 

and biofuels, peat and waste. In 2010, nuclear power delivered 166 TWh of the country’s 

total energy supply, supported by 135 TWh from biofuels, peat and waste, representing 

an increase of 214 % since 1970 [13]. 

Final end use of energy has increased from 375 TWh in 1970 to 395 TWh in 2010. 

Industry reduced its use of energy between 1970 and 1982, but then started to increase its 

use again. Nevertheless, industrial energy use was 4 % lower in 2010 than in 1970, 

reaching 148 TWh. As much of the energy use in the residential and services sector is for 

heating, the quantity used is considerably affected by outdoor temperatures. In 2010, 

energy use in the sector amounted to 156 TWh, compared to 165 TWh in 1970. As far as 

the total final energy use in the transport sector is concerned, this has increased by 63 % 

since 1970, reaching 91 TWh in 2010 [13]. 

The growth in renewable energy and decline in the use of fossil fuels has happened at the 

same time as the positive development of the Swedish economy. Since 1990, the 

emissions of greenhouse gases decreased by 9 per cent while GDP increased by 51 per 

cent [12]. 

In 2009 the Government agreed on a long term and sustainable energy and climate policy 

for Sweden [12]. 

The agreement presents a way out of fossil energy dependence. Measures to promote 

renewable energy and more efficient energy use will strengthen Sweden's security of 

energy supply and competitiveness. It will also give Swedish research and 

entrepreneurship a leading role in the global transition to a low carbon economy [12]. 

By 2020 [12]: 

40 per cent reduction in greenhouse gases compared to 1990 

At least 50 per cent share of renewable energy in the energy mix 

At least 10 per cent share of renewable energy in the transport sector 

20 per cent more efficient use of energy compared to 2008 

The following figure (Figure 5) reveals the energy supply and energy use in Sweden in 

2010 expressed in TWh. 
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Figure 5: Energy supply and energy use in Sweden in 2010 [13] 
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2 Theory 

2.1 Energy audit 

2.1.1 What is an Energy audit? 

An energy audit is the study of the energy efficiency degree of a facility. The main 

objectives of the survey are: study the energy use of the establishment and, once the 

analysis is realized, identify efficiency measures for implementation quantifying them 

energetically and economically. It consists of activities that seek to identify conservation 

opportunities preliminary to the development of an energy savings program [14]. 

2.1.2 The Role of an Energy Audit 

In order to perform correct energy efficiency programs, it has to be known which of the 

areas of the facility use energy in exceed and which would be the most cost-effective to 

improve. In fact, an energy audit identifies where energy is being used and set out energy 

savings opportunities. 

Furthermore, an energy audit increases awareness of energy issues making people more 

knowledgeable about proper practices that will make them more productive. Indeed, an 

energy audit gauges the energy efficiency of your plant against “best practices”.  

2.1.3 Classification of energy audits 

According to the energy audit classification from American Society of Heating, 

Refrigerating and Air Conditioning Engineers (ASHRAE), there are three diferent levels 

of enery audits [16]. 

Level 1.- Walk-through assesment 

This level involves an assesment of the energy cost and the efficiency by analyzing 

energy bills and a brief survey of the site. This first-level assessment targets low- or no-

cost measures and presents a list of capital improvements that need to be studied further.  

 

 



 10 

Level 2. - Energy survey and analysis. 

This second level includes a more detailed survey and analysis of the establishment. 

Moreover, a Level 2 energy analysis includes potential investment and an analysis of both 

the cost of the investment and the savings that it will generate.  

Level 3.- Detailed Analysis of Capital-Intensive Modifications 

Level 3 auditing includes all prior levels of ASHRAE audits and focuses on potential 

capital-intensive projects identified during the Level II analysis and involves more 

detailed field data gathering as well as a more rigorous engineering analysis. It provides 

detailed project cost and savings calculations with a high level of confidence sufficient 

for major capital investment decisions. 

2.1.4 Top down approach and iterative method 

An energy audit is basically a project with the aim to suggest energy efficiency and 

conversion measures. Theoretically, the basic method is the project method, but actually 

in practice, it would not be possible to start analyzing problems and identifying solutions 

without start collecting information for the survey. Ideally, the method may be described 

as an iterative process, as shown in Figure 6, where the iterations stop when there are 

enough data to suggest relevant measures [17]. 

 

Figure 6: Iterative method schema. 

The iterative method is combined with a top-down approach that means that the studied 

object (organization, business or site) is initially considered as a unit, with its streams of 

energy and materials (Figure 7). The total use of different kinds of purchased energy is 

quantified. The material use and the products may be described but not necessarily 

quantified. 
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Figure 7: Top down approach schema 

2.1.5 How to perform an energy audit 

First of all, it has to be collected the data needed. According to the top-down approach 

and iterative method it is not necessary to gather the data of all the devices and the auditor 

is the one who decides when to stop the data collection. 

The process of data collection is made up by different steps [1]: 

Step 1: Gather statistics: electricity, district heating, fuel, water, production rate, etc. 

Gather drawings and plans. 

Step 2: Visit the company during operating hours. 

Step 3: Visit the company during non-operating hours. 

Step 4: Create a power balance, energy balance and allocate energy use. 

Moreover, to complete the audit you need to take two more steps: 

Step 5: Create an energy balance after adjustments (showing the impact of the suggested 

measures). 

Step 6: Confirmation of audit results. 

2.2 Energy balance 

Generally, energy is defined as  the capacity of a physical system to perform work. 

Energy exists in several forms such as heat, kinetic or mechanical energy, light, potential 

energy, electrical, or other forms [18]. 

The energy balance comes from the law of conservation of energy (Fist law of the 

Thermodynamics), rather “the energy cannot be created or destroyed, only transformed” 
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which mean that the total energy of a system remains constant, though energy may 

transform into another form.  

The main goals of an energy balance are: 

1. Determine the amount of energy necessary for a process. 

2. Decrease the energy losses 

3. Determine the most efficient equipment and materials  

4. Estimate the energy cost of the process 

In order to perform a correct energy balance, the first step is to define the system 

boundaries in order to obtain a control volume. This boundary is called the envelope (see 

Figure 8). In terms of analyzing a building, it is widely recommended to set the envelope 

at the external surface of the insulation [19]. 

 

 

Figure 8: Envelope of a building [19] 
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Therefore, as a second step, it is needed to determine all the mechanisms by which energy 

flows travel through the envelope (heat gains) and the energy that flows out the envelope 

(heat losses); together with establishing the internal heat sources (See Figure 9).  

 

Figure 9: Energy flows through the envelope of a building [19] 

Once all those terms have been univocally defined, it is possible to write the energy 

balance equation [20]. 

For the study of this thesis the energy balance equation will be: 

Q in = Q out 

Q Int gen + Q Solar rad + Q District heating = Q Trans losses + Q Hot tap water + Q Mech vent + Q Nat vent 

Where: 

Q in = Energy flows going through the envelope (Heat gains) [Wh] 

Q out = Energy flows going out of the envelope (Heat losses) [Wh] 

Q Int gen = Energy due to internal generation [Wh] 

Q Solar rad = Energy due to solar radiation [Wh] 

Q District heating = Energy due to district heating [Wh] 

Q Trans losses = Energy due to transmission losses [Wh] 

Q Hot tap water = Energy due to hot tap water [Wh] 

Q Mech vent = Energy due to mechanical ventilation [Wh] 

Q Nat vent = Energy due to natural ventilation/Infiltration [Wh] 
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Figure 10 illustrates the energy balance equation. 

 

Figure 10: Energy balance 

2.3 Terms of energy balance 

2.3.1 Energy Supply 

2.3.1.1 District Heating 

District heating (DH) is a system for distributing heat generated in a central plant running 

on many different types of fuel. This system uses advanced purification and qualified 

staff for residential and commercial heating requirements such as space heating and water 

heating instead of each and every building having its own boiler [22]. 

District heating arrives at the facility in the form of water heated at a central heating 

plant. This heat is spread among households in the area by transporting the hot water 

under high pressure through a system of well insulated pipes (See Figure 11). This water 

is at between 50 and 100 degrees, depending on the weather and time of year, and is fed 

to a district heating centre in each property. There are heat exchangers that utilise the hot 

water to heat the radiators in the building and also the hot water in the taps.  

http://en.wikipedia.org/wiki/Space_heating
http://en.wikipedia.org/wiki/Water_heating
http://en.wikipedia.org/wiki/Water_heating
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Figure 11: Principle ofa simplified district heating network with two heat production units [21] 

Nowadays, more and more people are discovering that district heating is a simple, safe 

and convenient way to heat their homes. At present, around 80% of all apartment blocks 

and 220 000 small buildings are heated using district heating, and a total of almost four 

million Swedes get their heating from district heating  at home, at work, at school [22]. 

District heating demand is not commonly fixed, it depends of the season of the year.This 

relative seasonal variation for heat loads in buildings is most dependent on the type of 

activity in the buildings. Industrial, commercial, and public administration buildings have 

a relative seasonal variation of around 30–40%, independent of the annual relative daily 

variation [23]. 

For the University of Gävle, DH supplies most of the energy needed, what means that is 

the most significant energy input. In the energy balance is represented as QDistrict Heating. 

District heating energy is provided by the local district heating grid and directly used 

mainly for space heating purposes and heating hot tap water. 

The quantification of the thermal energy entering a building from the district heating grid 

is often done by direct reading of the correspondent heat meters installed by the supplier. 

However, as heat meters are remarkably expensive, some systems only feature a 

conventional water meter; in such cases, annual water mass or volume is read from the 

meter and the energy is obtained from the following formula [21].  
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QDistrict Heating = ṁ · Cpwater · (Ts-Tr) water 

Where 

QDistrict Heating = Energy purchased from the local grid [Wh/year] 

ṁ = Annual mass of water [kg/year] = Density water · Volume water 

Cpwater = Specific heat of the water [Wh/kg º C] 

Ts = Supply Temperature [ºC] 

Tr = Return Temperature [ºC] 

2.3.1.2 Solar radiation 

The Earth receives 1367 W/m2 from the sun [24]. Approximately 30% is reflected back to 

space while the rest is absorbed by clouds, oceans and land masses. The spectrum of solar 

light at the Earth's surface is mostly spread across the visible and near infrared ranges 

with a small part in the near ultraviolet [5]. Earth's land surface, oceans and atmosphere 

absorb solar radiation, and this raises their temperature. Figure 12 shows the energy 

radiation to and from the Earth. 

 

Figure 12: Radiation energy to and from the Earth [5] 

In terms of buildings, the energy from the solar radiation that increases the temperature in 

a space is called solar gain. The amount of solar gain rises with the strength of the sun, 

and with the ability of any intervening material to transmit or resist the radiation. 
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When solar radiation emitted by the sun reaches a window it takes place three different 

phenomena. A percentage of this energy goes through the window or door by 

transmission. This percentage of radiation depends on the transmittance of the window 

which is rater from 0 to 1. The remaining energy is absorbed or reflected by the window. 

The absorption or reflection of a material is quantified by its reflectivity and its 

absorptivity. 

These three phenomena are presented in the next Figure (Figure 13). 

 

Figure 13: Solar radiation phenomena [25] 

Depending on the panes of the windows the percentage of the radiation absorbed by the 

glass transmitted as convective heat to the room varies.  

Besides, what it is highly important to take into consideration in order to calculate the 

heat gain due to solar radiation in a building, is the geographical location of the facility 

that is going to study. As the sun has not a fixed position during the whole year, the effect 

of the solar rays depends on the latitude of the establishment and the position of the sun 

that will rely on the days of the year and the time of the day. 

Therefore, the solar radiation on a surface during a certain amount of time highly depends 

on the orientation of the different surfaces. In addition, it has to be taken into 

consideration the possibility of shadows in the facades that can vary the amount of 

radiation reaching the windows. 

Finally, the last factor to take into account in order to measure the amount of energy that 

buildings gain due to solar radiation is cloudiness. This component depends on the 

climate; this is another reason why the geographical location of the facility is highly 

important. 
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Taking into consideration all the parameters described above, the following formulas 

show how the energy input by the solar radiation is calculated [28]. 

Q Solar Radiation = Σ Q Solar radiation of each façade 

Q Solar radiation of each façade = Σ Q Solar radiation per month 

Q Solar radiation per month = Σ (Imonth · Kfactor · Awindow) · Clfactor 

Where: 

Q Solar Radiation = Total annual energy input from solar radiation [Wh/year] 

Q Solar radiation of each façade = Total annual energy input from each façade of the building [Wh] 

Q Solar radiation per month = Total energy input per month [Wh] 

Imonth = Sun irradiance of each month [Wh/m2] 

Kfactor = Calculation factor of the windows 

Awindow = Total area of the windows [m2] 

Clfactor = Calculation factor according to cloudy days 

2.3.1.3 Internal Heat Generation 

In order to make a correct energy balance it has to be taken into account the energy 

supplied by the Internal Heat Generation (IHG). IHG is considered one of the major 

components of heat supply. Furthermore, it is one of the main resources, with solar 

radiation, of what is called free heating as it does not come from any energy company and 

does not have any economic cost.  

IHG can be considered positive or negative depending on the location of the 

establishment. On the one hand, if the facility is located in a country with hot climate the 

exceed of heating will have to be taken into account in order to design the ventilation as it 

will produce an increase of temperature that will have to be reduced. On the other hand, if 

the facility is placed in a country with cold climate, as it is the case to study, the energy 

provided by the IHG is considered as a beneficial phenomenon as it will reduce the 

energy needed for space heating. 

  



 19 

The total internal heat gain, QIHG, can be estimated by [27]: 

Q IHG = Q People + Q Lights + Q Equipment 

Where: 

Q IHG = Internal heat generation [Wh] 

Q People = Total annual heat generation from humans [Wh] 

Q Lights = Total annual heat generation from lighting [Wh] 

Q Equipment = Total annual heat generation from equipment [Wh] 

Human heat generation Q People  

Human body continuously produces heat through a process called “metabolism.” This 

heat must be emitted from the body to maintain a fairly constant core temperature, and 

ideally, a comfortable skin temperature. The amount of heat gain depends on the activity 

level of the human. For instance, heat production is at a minimum rate when asleep. As 

activity increases, from sitting to walking to running, so the metabolic heat produced 

increases [28]. Heat output can vary from about 100 W for a sedentary person to 1000 W 

for an exercising person [27]. 

Equipment heat generation  Q Equipment 

Another component of the internal heat generation that has to be taken into account in 

order to determine the free heating of an establishment is heat supplied by equipment. 

Depending on the device, there is a highly variable amount of energy emitted to the 

environment [28]. 

Lighting Q Lights 

The third component of  internal heat generation is the energy provided by lighting. From 

every lamp only a percentage of the electrical power demanded is transformed to visible 

light, depending on its efficiency. The remaining energy is emitted to the environment as 

heat. That is the reason why it has to be taken into consideration as part of the free 

heating energy.  
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2.3.1.4 Solar collector 

The sun is a free and inexhaustible source of energy that can be exploited to heat tap-

water. Solar collectors concentrate and accumulate the sun heat and they transfer it to the 

fluid that wants to be heated. This fluid can be used for hot tap water or for the heating 

system of the facility [30]. Transferring heat from solar collector panels is an ideal task 

for plate heat exchangers, both in small-scale and large-scale installations. The following 

figure (Figure 14) presents the schema of a solar heating of tap water. 

 

Figure 14: Solar heating for tap-water, using a small plate heat exchanger and a storage tank [31] 

In term of hot water generation there are two different types of installation [32]: 

1. Open circuit installation 

In this case, the water consumed goes directly through the solar collectors. This system 

reduces costs and is more energetically efficient. However, it presents some problems in 

the zones in which the temperature is under the freezing point of the water. 

2.  Closed circuit installation 

In a closed circuit installation of a solar collector the water does not go directly through 

the solar collectors. This system is more common (See Figure 15). An antifreeze fluid 

goes across the solar collector tubes and due to the solar radiation it warms up. The 

heated fluid continues across the primary circuit until the accumulator where the heat 

exchange between the primary and secondary circuit takes place. In other words, it occurs 

a heat exchange between the antifreeze of the primary circuit and the water of the 

secondary circuit. 
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Figure 15: Schema of a closed circuit installation [32] 

The different types of solar collectors that have to be highlighted are [32]: 

1. Flat solar collector:  It consist on a dark flat-plate absorber, a transparent cover 

that reduces heat losses, a heat-transport fluid (air, antifreeze or water) to remove 

heat from the absorber, and a heat insulating backing (See Figure 16). The 

absorber consists on a thin absorber sheet (of thermally stable polymers, 

aluminum, steel or copper, to which a matte black or selective coating is applied) 

often backed by a grid or coil of fluid tubing placed in an insulated casing with a 

glass or polycarbonate cover. In water heat panels, fluid is usually circulated 

through tubing to transfer heat from the absorber to an insulated water tank.  

 

Figure 16: Flat solar collector [33] 

http://en.wikipedia.org/wiki/Copper
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2. Evacuated tube collectors: is different from flat plate collector, such as optical 

structure, configuration, heat transfer pattern, etc. But the basic heat transfer 

mechanism is still the same [34] (See Figure 17).  

 

Figure 17: Evacuate tube collector [36] 

As it was explained in the solar radiation section, the solar power that reaches the earth 

atmosphere surface is 1367 W/m2. However, 30% of this power is reflected or absolved 

by the atmosphere. That is the reason why the sun power rises, under a clear sky, to 1000 

W/m2. Despite, the energy received by the solar collector depends on the geographical 

location of the establishment. 

The mathematical formula of solar collectors is [35]:  

                           

Where: 

                = Power of the solar collector [W/m2] 

  = Optical efficiency 

I = Solar intensity [W/m2] 

K = Losses coefficient [W/m2ºC] 

ΔT = Temperature difference between the working fluid and the ambient [º C] 

As the energy balance is done with energy values, the formula above has to be 

transformed in terms of energy. In order to do it, solar radiation and average temperature 

data is required for the location selected. Then, the energy equation for solar collectors 

result in [35]: 
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                 (                     )               

Where: 

                  Annual energy [Wh/m2] 

     = Average solar intensity during solar period [Wh/m2] 

K = Losses coefficient [W/m2ºC] 

      = Average temperature difference during solar period [ºC] 

     = Solar period, experimental time period with the equivalent intensity and 

temperature difference [hours/year] 

            = Solar collector’s area [m2] 

 

2.3.2 Energy losses 

2.3.2.1 Transmission losses 

While internal and solar heat gains represent the primary paths for heat entry into 

buildings, Transmission losses represents the primary potential for building heat loss. 

Transmission losses are related to the heat flow that goes through solid materials from the 

inside of the envelope to the outside due to the difference of temperature between inside 

and outside. 

In order to make a correct analysis of these losses it has to be taken into account five 

separate paths for heat transfer across the building envelope: walls, roof, floor/ground, 

doors and windows (Figure18) [37]. 
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Figure 18: Transmission losses of buildings. 

Moreover, heat transmission is made of three different mechanisms of heat transmission 

which are: 

1. Conduction 

2. Convection 

3. Radiation 

Conduction 

Conduction is defined as the energy transference from the most energetic particles of a 

substance to the adjacent particles less energetic. It can take place in solids, liquids or 

gases and it needs a material support as it could be fixed molecules. 

The thermal conductivity (k) of a material can be defined as the velocity of the heat 

transfer through a thickness unit of the material per area unit per temperature difference. 

A high value for thermal conductivity reveals that the material is good heat conductor and 

a low value indicates that it is an insulator material [38]. 
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Convection 

Convection is the energy transference between a solid surface and an adjacent fluid that is 

in movement. As faster is the fluid movement, higher is the heat transfer by convection. If 

there is not any movement of the fluid the heat transfer is pure conduction [38]. 

Radiation 

It is the energy emitted by the material by electromagnetic waves (or photons). It does not 

require the presence of any material media [38]. 

Taking into consideration the three mechanisms of heat transmission and after having 

done some simplifications, transmission losses power can be calculated by the following 

formula [39]: 

                                                                      

Where: 

P Trans = Power lost by transmission [W] 

Ai = Surface Area [m2] 

U I Value = Transmission coefficient of each surface [W/m2 K] 

T in = Inside temperature [ºC] 

T out = Outside temperature [ºC] 

Kmaterial = Total heat transmission [W/K] 

The transmission coefficient for each surface, U-value (U I Value), reveals how a material 

conducts heat. If the U-value is high, it means that the material is a good heat conductor; 

besides, if it has a low value it determines that the material is insulator.  

In order to obtain the U-value of a building element of a certain thickness the next 

equation can be employed [40]: 
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 ̇ 

  
  

  

  
 

Where: 

    = R-value, insulation coefficient for the different surfaces (m
2

 ºC/W) 

 ̇  = Heat flow density through the material (W/m
2
) 

   = Temperature difference between the two sides of the material (ºC) 

   = Thermal conductivity of the material (W/m ºC) 

   = Thickness of the material (m) 

It has to be highlighted the fact that          is directly proportional to the thermal 

conductivity defined before. However, while thermal conductivity k only depends on the 

material,            also depends on the thickness of the material. In fact, the same 

material with different thickness has the same thermal conductivity but different         . 

To sum up, the energy lost due to transmission losses can be calculated by the following 

formula [38]: 

                                              

Where: 

               = Annual transmission losses [Wh] 

   = Area of each surface [m2] 

         = U-value of each surface [W/m2 ºC] 

        = Annual degree-hour value [ºh] 

Annual degree-hour value (       ) is the method used to estimate the energy required 

along the year. This method is based on theoretical and empirical observations that result 

in a duration diagram which shows the         value depending on the indoor and 

outdoor temperature of the establishment studied. 
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2.3.2.2 Hot tap water 

Hot tap water, as its name reveals, is the hot water used in an establishment for uses as it 

could be bathrooms or kitchens. It is represented in the energy balance as Q Hot tap water and 

even if is not very remarkable in this master thesis study, it has to be taken into account 

as an energy output. 

There are several systems for supplying hot tap-water to residential and commercial 

buildings. If the building is linked to a district heating network (or a district hot water 

network) as it is the case to study, the best solution is to transfer heat from the external 

primary flow to the internal tap-water flow using a plate heat exchanger in an 

instantaneous or semi-instantaneous way as it can be seen in Figure 19 [31]. 

 

Figure 19: Instantaneous and Semi-Instantaneous heat exchange for hot tap water [31] 

Energy for Hot tap water can be quantified by the formula below [28]: 

                  ̇                                  

Where: 

                 = Annual energy use for hot tap water [Wh/year] 

 ̇              = Annual mass flow of hot water [kg/year] 

        = Specific heat of water [Wh/kg ºC] 

   = Supply temperature [ºC]. 

   = Temperature of incoming water [ºC] 
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2.3.2.3 Natural ventilation / Infiltration losses 

Natural ventilation is the air flow through open windows, doors, grilles, and other 

planned building envelope penetrations, and it is driven by natural and/or artificially 

produced pressure differences across the building envelope caused by wind and air 

density variety, due to temperature differences between indoor and outdoor air [28]. 

On the other hand, infiltration is the flow of outdoor air into a building through cracks 

and other unintentional openings and through the normal use of exterior doors for 

entrance and egress. Infiltration is also known as the uncontrolled inward leakage of air 

caused by pressure effects of wind or differences in air density, such as stack effect. 

Moreover, it affects energy consumption as well as occupant comfort [28]. 

Besides, infiltration should not be confused with ventilation. They differ significantly in 

how they affect energy use, air quality, and thermal comfort, and they can each vary with 

weather conditions, building operation, and use.  

Finally, Exfiltration, is leakage of indoor air out of a building through similar types of 

openings. Like natural ventilation, infiltration and exfiltration are driven by natural and/or 

artificial pressure differences [28]. 

Although the energy use due to natural ventilation, infiltration and exfiltration is not very 

high, all must be considered in the proper design and operation of an HVAC system. 

The following figure (Figure 20) shows an example of two Two-Space Building with 

Mechanical Ventilation, Infiltration, and Exfiltration [28]. 

 

Figure 20: Building with mechanical ventilation, infiltration and exfiltration [28] 
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As it is mentioned before one principal cause of these effects is the stack effect.  

The stack effect is the phenomenon due to temperature differences between indoors and 

outdoors that cause stack pressure differences that drive airflows across the building 

envelope [29].  

Stack pressure is the hydrostatic pressure caused by the weight of a column of air located 

inside or outside a building. It can also take place within a flow element, such as a duct or 

chimney that has vertical separation between its inlet and outlet. The hydrostatic pressure 

in the air depends on density and the height of interest above a reference point [28]. 

For a single column of air, the stack pressure can be calculated as [28]: 

                    

Where: 

  = stack pressure, in. of water 

   = stack pressure at reference height, in. of water 

g = gravitational acceleration, 32.2 [ft/s2] 

  = indoor or outdoor air density [lbm/ft3] 

H = height above reference plane [ft] 

0.00598 = unit conversion factor, (in. of water) [ft·s2/lbm] 

Neglecting vertical density gradients, the stack pressure difference for a horizontal leak at 

any vertical location is given by the following formula [28]: 

                                           (
     

  
)               

Where: 

To = outdoor temperature, [°R] 

Ti = indoor temperature, [°R] 

   = outdoor air density [lb/ft3] 

  = indoor air density [lb/ft3] 

HNPL = height of neutral pressure level above reference plane without any other driving 

forces, [ft]  
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The infiltration flow depends on the area, permeability and thickness of materials, 

viscosity of air and the existing pressure difference. In order to calculate the infiltration 

flow, the following formula has to be used [37]:  

      
     

   
 

Where: 

  = Infiltration air flow [m3/s] 

A = Surface area [m2] 

k = Permeability of the material [m2] 

Δp = Pressure difference [Pa] 

μ = Dynamic viscosity of air [N s/m2] 

d = Material thickness [m] 

Having determined the air flow due to infiltration, heat losses are calculated by the 

formula below [28]: 

                              

Where: 

              = Thermal power transferred [W] 

     = Air density [kg/m3] 

   = Air flow [m3/s] 

   = Specific coefficient of heat [J/kg K] 

   = Temperature difference between indoors and outdoors [K] 

In order to obtain the total energy losses due to infiltration it has to be made a 

modification in the formula above by introducing the term         , already used in other 

calculations such as transmission losses. 

                                   

Where: 

               = Annual heat losses due to infiltration [Wh] 

        = Annual degree-hour value. 
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Finally, it has to be mentioned that heat losses due to natural ventilation trough windows 

and doors is a phenomenon that generates uncontrollable leakages.  As there has not been 

provided significant data about natural ventilation losses it is not possible to make any 

accurate estimation. 

2.3.2.4 Mechanical ventilation  

Providing a comfortable and healthy indoor environment for building occupants is the 

primary goal for ventilation. Furthermore, comfort and indoor air quality (IAQ) depend 

on many factors, including thermal regulation; control of internal and external sources of 

pollutants; supply of acceptable air; removal of unacceptable air; occupants’ activities and 

preferences; and proper construction, operation, and maintenance of building systems 

[28]. A comfortable indoor environment can be achieved by either mechanical or natural 

ventilation. 

Mechanical (or forced) ventilation, is defined as the intentional movement of air into and 

out of a building using fans and intake and exhaust vents [28]. 

Exhaust air flows are often used to dilute and remove indoor air contaminants. However, 

this implies evacuate air already heated and therefore mechanical ventilation losses. 

Comparing natural and mechanical ventilation, the main advantage of mechanical 

ventilation against natural ventilation is that it can provide a controlled air flow, with 

potentially better air quality. Besides, the major disadvantage arise from the economic 

cost, the need for reliability of mechanical equipment and ductwork systems, the use of 

electricity required to drive the fans and the need of maintenance of the system.  

The power exchanged between the exhaust air and the outdoor air is calculated as [28]: 

                      

Where: 

          = Thermal power transferred [W] 

= Air density [Kg/m3] 

  = Air flow [m3/s] 

  = Specific coefficient of heat for air [J/kg K] 

   = Temperature difference between exhaust and outdoor air [K] 
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In order to determine the energy of the mechanical ventilation the    term is replaced by 

        as it happens in the rest of calculation of losses. Then, the result is: 

                                        

Where: 

            = Energy from mechanical ventilation [Wh] 

Kv = coefficient for ventilation heat [W/K] 

        = Annual degree-hour value. 

However, the energy due to mechanical ventilation can be reduced by introducing a heat 

recovery ventilator (HRV). The energy recover depends on different terms such as the 

efficiency of the heat exchanger, its size and its properties in terms of heat transmission. 

A heat-recovery ventilator is similar to a balanced ventilation system, except it uses the 

heat in the outgoing stale air to warm up the fresh air [28].  

Figure 21 shows an example of a heat exchanger. 

 

Figure 21: Heat exchanger technology [41] 

Moreover, heat exchangers can be classified according to the flow directions. The most 

efficient types are the counter flow exchanger and the rotary heat exchanger. 

The different temperatures that have to be taken into consideration in order to make 

correctly all the calculations are presented in the next figure (Figure 22). 
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Figure 22: Temperatures of a heat exchanger [1] 

Where: 

T1 = Supply temperature air before the heat exchanger [ºC] 

T2 = Supply temperature air after the heat exchanger [ºC] 

T3 = Exhaust temperature air before heat exchanger [ºC] 

T4 = Exhaust temperature air after the heat exchanger [ºC] 

The energy efficiency of a heat exchanger can be calculated by the following formula: 

  
       

       
 

As the case to study counts with a heat exchanger technology, losses from ventilation 

system have to be recalculated taking into account the energy recovered by the heat 

exchanger.  

Introducing the heat exchanger efficiency, the heat losses can be calculated by the 

following formula [28]: 

                                                    

Where: 

          = Thermal power transferred [W] 

= Air density [Kg/m3] 

         = Supply air flow [m3/s] 

            = Exhaust air flow [m3/s] 

  = Specific coefficient of heat for air [J/kg K] 

   = Temperature difference between exhaust and outdoor air [K] 

η = Heat exchanger efficiency. 
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Furthermore, the heat losses from mechanical ventilation including a heat exchanger in 

terms of energy are: 

                                                           
 

    

                      

Where: 

            = Energy from mechanical ventilation [Wh] 

            = Coefficient for ventilation heat transfer [W/K] 

        = Annual degree-hour value. 

H= operating hours 
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3 Method 

This chapter of the thesis describes how has been implemented the theories explained in 

the previous section in the case under study. 

3.1 Energy balance 

In order to make the energy balance, the method followed in this thesis is a modular 

approach. This process consist on separating the energy flows into inputs and outputs as it 

has been explained in the theory section, then calculate each term independently with its 

own calculation method also explained in the theory chapter. This method can be 

visualized in Figure 10 of the theory. 

 

Figure 23: Modular approach 

3.1.1 Energy supply 

3.1.1.1 District Heating 

The energy input data from the District Heating grid was directly provided by 

Akademiska Hus [42]. These data are the invoices from 2012 to 2014 and the file 

provided is attached in Appendix I. With this information, the different values where 

transferred to an excel file and it does not need any further calculations as the information 

was already provided in MWh. 
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3.1.1.2 Solar radiation 

In order to calculate the second major input of energy to building eleven of the University 

of Gävle, the following formulas have been used as it was explained in the theory section. 

Q Solar Radiation = Σ Q Solar radiation of each façade 

Q Solar radiation of each façade = Σ Q Solar radiation per month 

Q Solar radiation per month = Σ (Imonth · Kfactor · Awindow) · Clfactor 

Therefore, the areas of the different windows and doors have been needed. These areas 

have been calculated from the different drawings attached in Appendix IV. Once they 

have been calculated, it has been checked the glazing of windows and doors which are: 

two glasses for windows (U-value equal to 3) and one glass for doors (U-value equal to 

5,4). 

Moreover, as it was explained in the theory chapter, it has to be taken into account the 

different orientations of the facades and then check its different windows and count them. 

In order to establish the different orientations of each surface, it has been considered as 

the reference orientation of 0º a wall that faces the south. Then, positive degree values are 

taking clockwise until 180º and negative degree values are taking until -180º turning the 

other way. Therefore, analyzing the orientation of building eleven of the University of 

Gävle presented in Figure 24, it can be stated that the four principle orientations are -30º, 

150º, 60º and -120º. 
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Figure 24: Facades orientation of building eleven of the University of Gävle. 

Moreover, shading effect has to be also taken into account. As it is very complex to be 

accurate with the windows shadows, it has only been considered shadowed windows 

those that are placed in the interior facades, represented in Figure 24 with blue lines. 

Furthermore, it has been calculated the energy from solar radiation according to solar 

irradiance of  each month, Imonth, which values were obtained from the table 

corresponding to Latitude 60º North (the geographical location of Gävle) which file is 

attached in Appendix I. 

Additionally, the cloudiness factor, Clfactor, was set for every month according to the table 

presented in Appendix I. Such factors are experimental values obtained from 

meteorological studies and provided by technical personnel of the University of Gävle. 

Finally, it has to be mention that the calculations have been made for every months 

excepting half May, June, July, August and half September as in these months the surplus 

of energy is not needed. 
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3.1.1.3 Internal Heat Generation 

As in the theory chapter has been explained, total amount of energy due to internal heat 

gain, QIHG, can be estimated by: 

Q IHG = Q People + Q Lights + Q Equipment 

The calculation of this energy input with accuracy is complex because it depends on the 

activity of each student in every moment of the day and it can highly vary from day to 

day. 

Human heat generation Q People  

In order to estimate the internal heat generation due to human activities, occupants of 

building eleven were divided in three different groups depending on their activity: people 

seated or reading, people typing and office walking. During several days, it has been 

checked the number of people realizing each activity in different hours in order to be 

more accurate. Once an estimation of the number of occupant is made, it has to be taken 

into account the heat gain attached to each activity which reference table is attached in 

Appendix I [28]. Moreover, days per year have been considered 280 days as the student 

calendar is divided in 40 weeks [3]. 

Finally, having all the data needed, the annual internal heat generation due to human 

activities was determined by the next formula [28]: 

                                 

Where: 

          = Annual heat generation due to human presence [Wh] 

   = Number of people  

   = Power per activity [W/person] 

     = Average daily hours [Hours] 

         = working days of university student calendar [Days] 
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Equipment heat generation  Q Equipment 

For heat generation due to equipment, it has been followed a similar process that the one 

explained for human heat generation. Firstly, it has been checked the different types of 

equipment such as computers, microwaves, copy machines etc. Then it has been made a 

further observation of the number of equipment of each type and how many hours where 

they operating. Finally, it has been considered each equipment heat gain which table is 

attached in Appendix I and provided by ASHRAE Fundamentals 2009 [28]. 

However, it has to be mentioned that these calculations are complex to do them with high 

accuracy. 

Then, with the next formula the energy input from equipment is determined [28]: 

                                  

Where: 

            = Annual heat generation due to equipment [Wh] 

    = Number of equipment of each type 

   = Heat gain of each equipment [W/equipment] 

     = Average daily hours [Hours] 

         = working days of university student calendar [Days] 

Lighting Q Lights 

Heat gain due to lighting was determined by the following process. First of all, lighting 

drawings of each floor of building eleven, which are attached in Appendix IV, were 

provided by Akademiska Hus. With them and the document with each kind of light, its 

power and its nomenclature, it was made a deep observation to the plans in order to count 

the number of lights of each different kind in each floor. Once all lights were counted, it 

was made an approximation of the operating time per light per floor depending on the 

location of the light: for lights located in corridors and stairs 10 hours, which are the 

normal working hours of a journey, for office and classrooms lights 8 hours because it is 

the average time of a working day and finally toilets and maintenance 3 hours. 

Finally, with all the data collected it was available to calculate the heat gain by lighting 

with the following formula [28]: 
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Where: 

        = Annual heat generation due to lighting [Wh] 

    = Number of lights of each type 

   = Heat gain of each light [W/light] 

     = Average daily hours [Hours] 

         = working days of university student calendar [Days] 

3.1.2 Energy losses 

3.1.2.1 Transmission losses 

Transmission losses include all three heat transfer modes: conduction, convection and 

radiation. However, some simplification can be made in order to calculate them. 

According to the formulas of the theory section, information about building properties is 

needed to calculate transmission losses: transmission areas, material features and 

thickness of the different layers.  

Walls areas, windows areas and perimeter, were calculated from building drawings 

provided by Akademiska Hus (Appendix IV). 

In order to calculate the U-value of the different layers, as an accurate composition of the 

walls was unknown, the values used are the ones provided by technical personnel of the 

university.  

The U-values used in this thesis are presented in the following table (Table 1). 

Table 1: U-values for each building component 

Components U-values 

Walls 0,7 

Roof 0,6 

Floor 0,6 

Windows 3 

Doors 5,4 
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Next parameter needed in order to calculate the transmission losses is the Annual degree-

hour value (       ). This value is obtained from the diagram chart (Apendix I), 

considering the mean annual temperature for Gävle which is 5ºC and the average indoor 

temperature 20ºC (information provided by technical personnel of the university). 

Taking this information into account the Annual degree-hour value used for this thesis is: 

        = 121300 ºh 

In order to make the analysis of these losses, it has to be taken into consideration the five 

separate paths for heat transfer across the building envelope: walls, roof, floor/ground, 

doors and windows. 

Firstly, to calculate transmission losses through walls, using the different plans 

(Appendix IV), it has been obtained the walls areas. Then, as in the theory chapter was 

explained, it has been applied the next formula: 

                                              

Moreover, in order to calculate transmission losses through ceiling, as it was impossible 

to know the different angles with accuracy, it has been considered as if it was flat and the 

area was measure from the drawings of the roof (Appendix IV). Furthermore, it has to be 

taken into consideration the effect of radiation. Heat losses are calculated with the 

previous formula and therefore, they have to be increased by an experimental coefficient 

of 15%. 

In addition, as building eleven of the University of Gävle counts with a basement, for 

transmission losses through the floor, it has to proceed with a different method.  Losses 

have to be divided in two: losses through the floor area and losses through the walls. 

Losses through the floor area are directly to the ground which temperature has been 

considered 5ºC. Moreover, losses though the walls are calculated with a different U-value 

than the one considered for walls above the ground. This new U-value used for walls 

below the ground is obtained by the diagram attached in Appendix I taking into account 

the two meters thickness of the wall. Summarizing, the U-value used is 0, 38. The next 

figure (Figure 25) presents the schema of both transmission losses through the floor. 
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Figure 25: Transmission losses in the basement of building eleven. 

Furthermore, heat losses through walls and doors have to be calculated. Building eleven 

has a lot of different windows and, in order to calculate its losses, it has been measured 

the areas of each different window type with the plans of the different facades and it has 

been taken into consideration the glazing of the windows (two glasses). The U-value 

considered for windows is 3. Heat transmission through doors, as they are made of glass, 

they are calculated by the same process as windows. However, its glazing is different 

(one glass) then its U-value is considered 5, 4. These U-values have been obtained by the 

document attached in Appendix I.  

Finally, it has to be mentioned that the effects of thermal bridges have been neglected. 

3.1.2.2 Hot tap water 

In the previous chapter of this thesis, it was already presented the formula needed to 

obtain hot tap water energy. This formula is [16]: 

                  ̇                                  

Water supply temperature (    rises to 55ºC as it is stated by health standards in order to 

avoid Legionella. Besides, incoming water temperature (    has been considered to be 

7,75 ºC. These values have been provided by technical personnel of the University of 

Gävle. 
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Moreover, Akademiska Hus provided the water invoices of the University of Gävle, 

which file is attached in Appendix I, from years 2012 to 2014. However, as the data 

provided was given in l/m2, the values were multiplied by the total area of building eleven 

of the University of Gävle in order to get the amount in water in liters. 

 

Figure 26: Water for building eleven 

Despite year 2013 presented two peaks in July and in August; values from this year have 

been taken for the study as the rest of the energy balance is also done with data of 2013. 

Moreover, it has to be noticed that the invoice units are of volume [l] and they have to be 

transformed to mass units [kg/year]. In order to make this change, water volume has been 

expressed in m3 and then multiplied by its density value. 

 ̇                                         

Where: 

 ̇                = Annual tap water flow [kg/year] 

       = density of water [kg/m3] 

                 = Volume of tap water [m3] 

Besides, it has to be taken into account that these invoices gather information about water 

both hot and cold water. From this total amount of water only part of it is heated. The 

experimental coefficient used to determine the mass flow of hot water is 30%. This 

coefficient has been provided by technical personnel of the university. 
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Finally, the term of the equation presented before  ̇              is calculated by 

multiplying the total amount of water by 0, 3. 

 ̇                   ̇                 

Where: 

 ̇              = Annual hot tap water flow [kg/year] 

3.1.2.3 Mechanical ventilation 

As it was already stated in the theory section, the equation to use taking into account a 

heat exchanger is: 

                                                           
 

    
 

Where: 

            = Energy from mechanical ventilation [Wh] 

= Air density [Kg/m3] 

         = Supply air flow [m3/s] 

            = Exhaust air flow [m3/s] 

  = Heat specific coefficient for air [J/kg K] 

η = Heat exchanger efficiency. 

        = Annual degree-hour value. 

H = Operating hours. 

First of all, it has to be mentioned that the ventilation system of building eleven of the 

University of Gävle is divided in four blocks: LB01, LB02, LB03 and LB04 with its 

different supply and exhaust air flow. 

Then, it is known that the university is provided of a rotary heat exchanger which 

efficiency is 70%. Furthermore, in order to estimate the operating hours, it is known that 

ventilation system works from 6:00 to 17:15 and the student calendar is compose by 40 

weeks which makes the operating hours equal to 3150 hours. 

All the information about ventilation system was provided by Akademiska Hus and 

technical personnel of the University. 



 45 

3.1.2.4 Natural ventilation and infiltrations 

Natural ventilation is the air flow through open windows, doors, grilles, and other 

planned building envelope penetrations while infiltration is the flow of outdoor air into a 

building through cracks. 

As it was mentioned in the theory chapter there are not accurate data from this 

phenomena; that is why the process followed in order to determine the energy from 

natural ventilation an infiltration is using the energy balance equation. 

Q in = Q out 

Q Int gen + Q Solar rad + Q District heating = Q Trans losses + Q Hot tap water + Q Mech vent + Q Nat vent 

With this equation and all the calculations made in this chapter about every term of the 

energy balance equation, it can be estimate that the energy from natural ventilation is the 

difference between energy inputs and outputs. 

Q Nat vent = Q Int gen + Q Solar rad + Q District heating – (Q Trans losses + Q Hot tap water + Q Mech vent) 

3.2 Energy efficiency measures 

3.2.1 Solar collectors 

The third efficiency measure proposed in this thesis is a solar collector installation for hot 

tap water. As it was already mention in the theory chapter, solar collectors concentrate 

and accumulate the sun heat and they transfer it to the fluid that wants to be heated that in 

this case is water. In addition, it is already known that solar radiation depends on the 

geographical location that is why, in order to design the installation; it has to be 

considered the orientation and tilt.  

In order to get the maximum heat from solar radiation along the year, the correct 

orientation is the geographical south. Additionally, the tilt between solar collectors and 

the horizontal plan is an important factor in the installation efficiency. Solar collectors 

must be tilted in a way that solar rays impact on its surface perpendicularly in the solar 

midday. Moreover, solar collectors tilt depends on the installation use. As the case 

studied pretends to use the installation all along the year, the correct inclination has to be 

equal to the geographical latitude of Gävle, which is 60º [32] [45]. 
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Then, as it was already stated in the theory chapter, the equation for solar collector is 

[32]: 

                 (                  )               

Where: 

                  Annual energy [Wh/m2] 

 = Solar intensity during solar period [Wh/m2] 

K = Losses coefficient [W/m2ºC] 

      = Average temperature difference during solar period [ºC] 

     = Solar period, experimental time period with the equivalent intensity and 

temperature difference [hours/year] 

            = Solar collector’s area [m2] 

Values of solar energy (I) are taken from the table provided by the Atmospheric Science 

Data Center (ASDC) [46] which is attached in Appendix I. 

Then, it has been searched an appropriate solar collector for the case under study and the 

solar collector proposed is “IBERSOLAR OPS-V250”. This solar collector has been 

chosen because it is a flat panel collector what means that it is correct for cold weathers 

and also because of its technical characteristics [47]. From its features chart it can be 

known its efficiency     , its losses coefficient (K) and its open area (ACollector). The 

technical features of IBERSOLAR OPS-V250 are presented in the upcoming table (Table 

2). 

Table 2: Features of IBERSOLAR OPS-V250 

Technical characteristics of the solar collector IBERSOLAR OPS-V250 

optical efficiency 0,745   

K coefficient 3,556 W/m2K 

Nominal temperature 65 ºC 

Area 2,3 m2 

From energy balance study, in the hot tap water section it has been already mentioned 

that the supply temperature is equal to 55ºC and the average outdoor temperature is 5ºC 

(value obtained from table attached in Appendix I). Then the average temperature 

difference (       is equal to 50ºC. 
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Moreover, solar period is 1270 hours for the location under study [51]. 

Therefore, the installation is proposed to supply almost the total amount of hot tap water 

energy, which value was obtained in the energy balance section. Then, the total area of 

the installation can be deduced with the formula previously presented. 

            
                

(                  )
 

Then, with the total area of the installation, it can be calculated the number of 

IBERSOLAR OPS-V250 needed.  

                           
                

   
 

As it is mentioned in the theory chapter, solar collector’s installation needs a water 

accumulator. The accumulator stores the thermal energy generated by the solar collectors. 

Its main purpose is separate the heat supply from the consumption, because the maximum 

heat supply does not usually coincide with its demand [48]. 

The operating system of an accumulator is not complex; by its superior part takes place 

the removal of water for consumption while in the inferior part takes place the solar 

heating. 

In order to design the installation, the following condition between the solar collector area 

and the accumulator volume must be fulfilled [48]. 

   
 

 
     

Where: 

V = Volume of the accumulator 

A = Total area of solar collectors 
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4 Results 

4.1 Energy balance 

As it was explained in the method chapter, in order to make the energy balance, the 

process followed is a modular approach which method consists on separating the energy 

flows into inputs and outputs. 

4.1.1 Energy supply 

4.1.1.1 District Heating 

With the different data of the invoices from 2012 to 2014 that were transferred to an excel 

file and which information file is attached in Appendix I, the following table (Table 3) 

has been performed. 

 

Table 3: Annual District Heating distribution 

Year/Month Jan Feb March Apr May June July August Sept Oct Nov Dec 

Total 

(MWh) 

2012 99,5 101,4 72,6 52,6 16,7 10,8 4,3 12,2 28,6 59,7 76,4 103,3 638,1 

2013 113,7 104,3 84,0 60,3 40,5 10,5 4,5 4,8 26,4 47,9 76,5 104,4 677,8 

2014 117,6 94,5 79,0 23,9                 315,0 

 

The annual distribution of the energy obtained from the district heating grid the past years 

can be visualized in the figure also presented in the method section (Figure 28). 
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Figure 27: District Heatinf Input from 2012 to 2014 

Therefore, it can be seen that the annual energy input obtained from the district heating 

grid in 2013 was 677, 8 MWh. 

Analyzing Figure 23, it can be appreciated that there is a high difference between seasons 

in terms of energy use. In cooler month such as December, January and February energy 

rise to values higher than 100 MWh while in hotter months such as June, July and August 

energy is lower than 15 MWh.  

4.1.1.2 Solar Radiation 

Results of solar radiation heat input through windows and doors are presented in the 

following table (Table 4), dividing the total energy in the different facade orientations. 

Table 4: Energy from solar radiation depending on the surfaces orientation. 

Orientation kWh MWh 

-30 104247,2743 104,247274 

150 22997,86744 22,9978674 

60 36992,27342 36,9922734 

-120 59990,14085 59,9901409 

Doors 4489,810857 4,48981086 

TOTAL 224227,556 224,227556 

From Table 4 it can be seen that the total amount of energy input due to solar radiation is 

224,22 MWh. This value is very positive as it is energy without cost or in other words 
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free heating. In order to visualize the results presented in the table above (Table 4) the 

next pie chart (Figure 30) has been made. 

 

Figure 28: Energy contribution of each facade to the total solar radiation 

Figure 30 reveals that main contributors to solar radiation energy are windows and doors 

of facade facing the east (-30º) with a total contribution of 46%. 

Further calculations and results for solar radiation energy input for each facade 

orientation and for each month can be found in Appendix II. 

4.1.1.3 Internal Heat Generation 

The results of total free heating due to internal heat generation are divided in three parts: 

human heat generation, equipment heat generation and lighting. 

Human heat generation  

The energy input due to human metabolism is represented in the upcoming table (Table 

5) taking into account the different activities of the people of the University of Gävle. 
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Table 5: Energy input due to human presence. 

Activity 

People 

/Floor 

Number 

of people 

Power 

[W] Hours/day 

Days 

/year Energy [Wh] 

Energy 

[MWh] 

People 

seated,reading 50 250 108 7 280 52920000 52,92 

People typing 30 150 117 7 280 34398000 34,398 

Office walking 13 65 180 4 280 13104000 13,104 

     

TOTAL 100422000 100,422 

Equipment heat generation   

The following table (Table 6) displays the annual heat generation due to equipment 

depending on each kind of equipment and its heat generation. 

Table 6: Energy input due to equipment. 

 

Type 

Number 

of units  

Heat 

generation 

rate 

(W/unit) 

Working 

time (h/day) 

Working 

days 

(days/year) 

Heat 

generation 

(Wh) 

Heat 

generation 

[MWh] 

Computers 183 77 7 280 27618360 27,61836 

Microwaves 7 0 2 280 0 0 

Fridge 3 352 24 280 7096320 7,09632 

Large copy 

machine 10 800 3 280 6720000 6,72 

Dishwasher 1 6366,00 2 280 3564960 3,56496 

Cold 

food/beverage 1 768,00 24 280 5160960 5,16096 

Hot beverage 3 862 5 280 3620400 3,6204 

    

Total 53781000 53,781 
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Lighting Q Lights 

Table 7 shows the total amount of energy gained by lighting dividing the total amount of 

energy gained in different floors of the facility. Further calculations are presented in 

Appendix III. 

Table 7: Energy input due to lighting. 

Floor MWh 

1st Floor 18,48 

2nd Floor 24,21 

3rd Floor 25,31 

4th Floor 18,91 

5th Floor 24,33 

6th Floor 3,4 

TOTAL 114,64 

Then, as it is mentioned before, the annual internal heat generation is the sum of its three 

components. This total value rise to 268,41 MWh.  

To sum up, the following figure (Figure 31) presents the contribution of each component 

of the IHG. 

 

Figure 29: Contribution to Internal Heat Generation (IHG) 

As it can be seen, lighting is the main contributor with 115 MWh that represents a 43% of 

the total energy. Then, it is followed by human’s heat generation with 100 MWh that 

represents 37% and finally equipment contributes with 54 MWh that is a 20%. 
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It has to be mentioned that the calculation of this energy input with accuracy is complex 

because it depends on the activity of each student and lights and equipment’s operation 

hours, which can highly vary from day to day. 

4.1.2 Energy losses 

4.1.2.1 Transmission losses 

As it has been already mentioned transmission losses have to include losses through five 

different paths: walls, roof, floor, windows and doors. 

Table 9 presents the different values of energy due to transmission losses through walls, 

roof and floor of building eleven of the University of Gävle. 

Table 8: Transmission losses though walls, roof and floor 

Components U-values Areas K E(Wh) E(MWh) 

Walls 0,7 3435,292 2404,7044 291690644 291,690644 

Roof 0,6 1211,754 836,11026 101420175 101,420175 

Floor 0,6 1211,754 727,0524 116705205 116,705205 

   

TOTAL 509816023 509,816023 

Furthermore, Table 10 shows the two different heat losses through the floor of the 

basement of the building mentioned in the method chapter. 

Table 9: Heat losses thought the floor. 

Floor division Wh MWh 

Losses through basement walls 28513748,4 28,51375 

Floor to the ground 88191456,1 88,19146 

Table 11 presents the heat losses through the windows of the building under study taking 

into account the different types and areas of each window. 
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Table 10: Transmission losses through windows 

 

Finally, Table 12 shows the energy lost through doors. 

Table 11: Transmission losses though doors 

Door 

Unit area 

(m2) 

Number 

of units 

Total area 

(m2) 

U 

value 

K(A*U) 

[W/K] 

Q losses 

(Wh) Q losses (MWh) 

Type 1  6,3 3 18,9 5,4 102,06 12379878 12,379878 

      

TOTAL 12,379878 

To summarize, and overview of all transmission losses is presented in the upcoming table 

(Table 13) and, to visualize the contribution of each of the five paths, it has been made a 

pie diagram (Figure 33). 

Table 12: Overview transmission losses 

Component Annual Transmission losses (MWh) 

Doors 12,37 

Windows 257,92 

Walls 291,6906437 

Roof 101,4201745 

Floor 116,7052045 

TOTAL 780,1060228 

 

window 

Unit area 

(m2) 

Number 

of units 

Total area 

(m2) U value 

K(A*U) 

[W/K] 

Q losses 

(Wh) 

Q losses 

(MWh) 

type 1 3,64 124 451,36 3 1354,08 164249904 164,249904 

type 2 3,64 39 141,96 3 425,88 51659244 51,659244 

type 3 3,24 4 12,96 3 38,88 4716144 4,716144 

type 4 0,8659 1 0,8659 3 2,5977 315101,01 0,31510101 

type 6 0,4725 12 5,67 3 17,01 2063313 2,063313 

type 8 6,84 7 47,88 3 143,64 17423532 17,423532 

type 11 10,26 3 30,78 3 92,34 11200842 11,200842 

type 5 1,73 10 17,3 3 51,9 6295470 6,29547 

      

TOTAL 257,92355 
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Figure 30: Contribution of each path to transmission losses. 

It can be seen that the annual amount of energy lost by transmission losses in building 

eleven of the University of Gävle is 780 MWh. The main contributors, as it can be 

appreciated in the figure above (Figure 33), are walls with 37 % of total energy and 

windows with 33%. 

4.1.2.2 Hot tap water 

With the information provided by Akademiska Hus it has been able to make the 

following Figure (Figure 34) that represents the amount of water consumed by building 

eleven of the University of Gävle. 

 

Figure 31: Water for building eleven 
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Energy results for the building of the case under study due to hot tap water are presented 

in the next table (Table 14), dividing the total value of energy into monthly energy use. 

Table 13: Energy output due to hot tap water 

YEAR/MONTH 

Tap water 

(L) 

Tap water 

(m3) HOT Tap water (m3) 

Energy 

(MWh) 

January 183217,205 183,217 54,965 3,022740347 

February 177400,786 177,401 53,220 2,926780336 

March 187579,519 187,580 56,274 3,094710355 

April 205755,829 205,756 61,727 3,39458539 

May 175946,681 175,947 52,784 2,902790333 

June 106149,65 106,150 31,845 1,751270201 

July 471129,955 471,130 141,339 7,772760892 

August 679793,994 679,794 203,938 11,21532629 

September 153408,056 153,408 46,022 2,53094529 

October 167949,104 167,949 50,385 2,770845318 

November 186125,414 186,125 55,838 3,070720352 

December 205755,829 205,756 61,727 3,39458539 

   

TOTAL 47,84806049 

From the table above, it can be seen that the total amount of energy is 47, 84 MWh. It has 

to be also mentioned that the energy use due to hot tap water does not have a large 

variation from month to month except from July and August that in 2013 had an 

uncommon hot water demand. 

4.1.2.3 Mechanical ventilation 

Results of mechanical ventilation of building eleven are shown in the upcoming table 

(Table 15) which takes into consideration all the data mentioned in the method section. 

Table 14: Annual energy from mechanical ventilation 

  Supply air Exhaust air Units Energy[kWh] Energy [MWh] 

LB01 2,32 2,32 m3/s 31669,80973 31,6698097 

LB02 4,24 4,4 m3/s 60063,43225 60,0634322 

LB03 4,8 4,8 m3/s 65523,74427 65,5237443 

LB04 2,08 2,32 m3/s 31669,80973 31,6698097 

    

TOTAL 188,926796 
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From Table 15 it can be observed that the total amount of energy rises to 189 MWh and 

the two blocks that contribute the most to the total energy are LB02 and LB03. 

4.1.2.4 Natural ventilation/Infiltration 

As it was mentioned in the method chapter, there are not accurate data from these 

phenomena; that is why there is not and specific process followed in order to determine 

the energy from natural ventilation and infiltration. 

With the energy balance equation and all the calculations made in this chapter about 

every term of the energy balance equation, it can be estimate that the energy from natural 

ventilation is the difference between energy inputs and outputs. 

The result for annual energy of natural ventilation and infiltrations is 154 MWh. 

4.1.3 Energy Balance Overview  

In order to summarize all the results previously presented, it has been made the next 

tables (Table 16 and Table 17) which show the energy supply and losses separately. 

Table 15: Annual Energy Supply 

Energy supply MWh 

Internal generation 268,41 

Solar radiation 224,22 

District Heating 677,8 

TOTAL 1170,43 

 

Table 16: Annual Energy Losses 

Energy losses MWh 

Hot tap water 47,84 

Mechanical ventilation 188,92 

Transmission losses 780,1 

Natural ventilation 153,57 

TOTAL  1170,43 

From these two tables it can be observed the total amount of energy exchanged in 

building eleven of the University of Gävle. This amount of energy rises to 1170,43 MWh. 

In order to visualize this results clearly it has been performed the following figures 
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(Figure 35 and Figure 36), which present the contribution to the total amount of energy 

either input and output energy. 

 

Figure 32: Contribution to Energy Supply. 

 

Figure 33: Contribution to Energy Losses. 

As it can be seen in Figure 30 the main energy supply contributor is the energy from the 

district heating grid with 58% of the total energy.  

On the other hand, taking a look to Figure 31, the major energy loose is due to 

transmission losses with 67% of the total amount of energy and followed by mechanical 

ventilation with 16%. 

Finally, it has to be mentioned that the estimation done about the natural ventilation is 

correct as its value is equal to 13% (current values go from 5% to 15%) [52].  
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4.2 Energy efficiency measures 

Once the energy balance is performed, it can be analyzed where efficiency measures 

should take place. Energy saving measures will have an impact on the expenses of the 

company and consequently on its benefits. For this reason, there are two key aspects that 

will determine the order of priority of the measures: potential savings referred to the 

whole system and investment required. 

Analyzing energy losses of the building studied, it can be seen that most of the energy 

(67%) is lost due to transmission losses. Most of this percentage is caused by 

transmission losses through walls (37%) and through windows (33%). That is the reason 

why the first and fourth efficiency measures presented in this section are window renewal 

and increasing insulation. 

Furthermore, it can be observed that the indoor temperature is excessively high. That is 

the reason why reducing indoor temperature is the second energy saving measure 

proposed. This measure has an impact either in ventilation system and transmission losses 

which are the main contributors to energy outputs. 

Finally, in order to introduce some renewable energy measure it is proposed a solar 

collector installation with the aim to provide building eleven with hot tap water. 

4.2.1 Windows renewal 

As it was stated in the previous section, windows from building eleven of the university 

of Gävle are conformed of two glasses which means that its U-value is equal to 3. 

Changing all the windows to new ones of three glasses would have an effect on 

transmission losses, because its U-value will decrease until two, but also it has to be taken 

into consideration that the energy input due to solar radiation will be also affected as the 

solar radiation transmission through the envelope would be decreased from 80% to 72%. 

4.2.1.1 Energy effect 

First of all it has to be presented the effect on transmission losses which contribution to 

energy outputs is largely high. With three glass windows installation, new results of 

transmission losses through windows are presented in the next table (Table 18). 
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Table 17: New transmission losses through windows 

Window 

Unit area 

(m
2
) 

Number 

of units 

Total area 

(m
2
) U value 

K(A*U) 

[W/K] 

Q losses 

(Wh) 

Q losses 

(MWh) 

type 1 3,64 124 451,36 2 902,72 109499936 109,499936 

type 2 3,64 39 141,96 2 283,92 34439496 34,439496 

type 3 3,24 4 12,96 2 25,92 3144096 3,144096 

type 4 0,8659 1 0,8659 2 1,7318 210067,34 0,21006734 

type 6 0,4725 12 5,67 2 11,34 1375542 1,375542 

type 8 6,84 7 47,88 2 95,76 11615688 11,615688 

type 11 10,26 3 30,78 2 61,56 7467228 7,467228 

type 5 1,73 10 17,3 2 34,6 4196980 4,19698 

     

TOTAL 171949033,3 171,9490333 

Then, energy lost due to transmission losses through windows would be decreased to 172 

MWh. This value has to be compared with the previous one in order to visualize the 

amount of energy that can be saved with this measure. Table 19 shows the how much 

energy can be saved. 

Table 18: Comparison of transmission losses results 

Actual losses Losses with new windows 

257,92 171,94 

Then, it can be stated that the energy would be reduced by 86 MWh which implies a 33% 

reduction of transmission losses through windows. 

Besides, as it was mentioned before, it has to be also taken into account the reduction of 

solar radiation. Table 20 presents new results of the energy input due to this phenomenon 

and Table 21 compares these results with the previous ones. 
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Table 19: New energy due to solar radiation results 

Orientation kWh MWh 

-30 93822,54689 93,8225469 

150 20648,15411 20,6481541 

60 33538,42219 33,5384222 

-120 15687,7225 15,6877225 

Doors 4489,810857 4,48981086 

TOTAL 163696,8457 163,696846 

 

Table 20: Results comparison 

Solar radiation Solar radiation with new windows 

224,22 163,69   

As it can be seen in Table 21, the energy supply reduction due to solar radiation which is 

part of the free heating of the building is only 61 MWh, which means 27% reduction. 

Then, taking into account both effects, Table 22 presents the saving effect of the 

efficiency measure both energy and money saved. In order to quantify the amount of 

energy saved it has been taking as a reference district heating price 0,775 kr/kWh [43]. 

Table 21: Efficiency measure overview 

Overview 

MWh saved 25,45 

Money saved (kr/year) 19723,75 

To sum up, the installation of new windows would imply an energy reduction of 25,45 

MWh/year which implies money saving of 19723,75 kr/year. 

4.2.1.2 Investment 

Despite the money saving previously calculated, it has to be taken into account the 

investment of changing all the windows. In order to obtain the different prices it has been 

taking as reference a window catalogue [44]. The new windows have been chosen 

depending on the different sizes of real windows.  
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Table 23 shows the different windows chosen and how much will they cost. 

Table 22: Windows renewal cost 

Type New window Unit price (kr) Number of units Cost (kr) 

type 1 EFS 11/18 6951 124 861924 

type 2 EFS 11/18 6951 39 271089 

type 3 EFS3 18/18 14230 4 56920 

type 4 FF3F 10 14484 1 14484 

type 6 EFS 5/10 3915 12 46980 

type 8 

EFK 24/16 + EFK 

24/12 14964 7 104748 

type 11 

EFK 24/16 + EFK 

24/12 14964 3 44892 

type 5 FF18F 10/5 3650 10 36500 

   

TOTAL COST 1437537 

 

Then, the investment rises to 1.437.537 kr. If this value is compared to the money saved 

per year due to energy savings the pay-back of windows renewal measure is: 73 years. 

This pay-back is excessively high for the case studied in this thesis that is why this 

measure would not be profitable. 

4.2.2 Temperature adjustment 

As it was already mentioned, indoor temperature of building eleven has been fixed to 

20ºC. This value can be decreased in order to achieve energy and money savings. 

Moreover, it is known that the         value depends in the average outside temperature 

of the city location of the building and the indoor temperature of the building under study. 

Previous calculations have considered         value equal to 121300, however if the 

inside temperature of the building is decreased until 19ºC, according to the diagram 

attached in Appendix I,         will be 115200.  

The reduction of this value has an effect in ventilation system and in transmission losses 

which are the main contributors to energy outputs of the building. 
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4.2.2.1 Energy effect 

Table 24 presents the results of new transmission losses through the five different paths 

by changing         value. 

 

Table 23: New transmission losses results 

Path MWh 

Doors 11,75 

Windows 244,95 

Walls 277,02 

Roof 96,31 

Floor 110,83627 

 

740,86627 

In order to visualize the energy effect of this measure in transmission losses, results have 

to be compared. Table 25 makes this comparison. 

Table 24: Transmission losses comparison 

Actual Transmission losses New transmission losses 

780,1060228 740,8662701 

Then, according to table 25 the amount of energy saved would be 39 MWh/year which 

implies 5,03 % of transmission losses reduction. 

On the other hand, it has to be considered the energy effect that this efficiency measure 

would have in the ventilation system. 

Changing the         value would decrease the energy of the ventilation system. This 

impact is presented in the next table (Table 26). 

Table 25: New mechanical ventilation results 

  Supply air Exhaust air Units Energy [kWh] Energy[MWh] 

LB01 2,32 2,32 m3/s 30077,18121 30,0771812 

LB02 4,24 4,4 m3/s 57042,92988 57,0429299 

LB03 4,8 4,8 m3/s 62228,65078 62,2286508 

LB04 2,08 2,32 m3/s 30077,18121 30,0771812 

    

TOTAL 179,425943 
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Then, as it is done for the transmission losses, Table 27 presents the comparison between 

previous and new mechanical ventilation results. 

Table 26: Mechanical ventilation comparison 

Actual mechanical ventilation New mechanical ventilation 

188,926796 179,425943 

Reducing indoor temperature would imply an energy reduction in mechanical ventilation 

of 9,5 MWh, which means 5 % energy reduction due to mechanical ventilation 

Finally, taking into consideration both effects the energetic and economic overview of 

this efficiency measure is presented in the following table (Table 28). 

Table 27: Energy and money reduction 

  

MWh saved Reduction percentage 

Transmission losses 39,2397527 5,03% 

Mechanical ventilation 9,5 4,02% 

Total energy saved (MWh/year) 48,7397527 

  Total money saved (kr/year) 36798,51329 

  
4.2.2.2 Investment 

As this efficiency measure can be realized by modifying the thermostat value from 20 ºC 

to 19ºC, no investment is needed. Lack of investment makes this energy saving measure 

highly profitable. 

4.2.3 Solar collector 

The third efficiency measure proposed in this thesis is a solar collector installation for hot 

tap water. As it was already mention in the theory chapter, solar collectors concentrate 

and accumulate the sun heat and they transfer it to the fluid that wants to be heated that in 

this case is water.  

4.2.3.1 Energy effect 

The calculations about the solar collector’s installation are presented in the following 

table (Table 30) in which it can be seen the solar intensity for each month, the energy 

needed per month and Gävle’s temperature for each month. 
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Table 28: Data for the design of solar collector 's installation 

 

In addition, Table 31 presents the total area of solar collectors and the number of solar 

collectors needed. 

Table 29: S olar collector's area and number of solar collectors. 

Collector's total area (m2) 95 

Number of collectors 42 

As it is mentioned in the method chapter, solar collector’s installation needs a water 

accumulator.  

As it was shown in Table 31 the total area is 95 m2 then the accumulator’s volume must 

be at least of 4.500 L. Therefore, the accumulator chosen is Logalux L2TN3000/1 [50].As 

daily hot tap water of building eleven is around 5.000 and 6.000 L it has been chosen the 

accumulator with volume equal to 6.000 which characteristics are presented in the 

upcoming figure (Figure 37). 

YEAR\MONTH Jan Feb March Apr May June July Aug Sept Oct Nov Dec TOTAL 

Energy  kWh 
(Hot tap 
water) 3022 2926 3094 3394 2902 1751 7772 11215 2530 2770 3070 3394 47848 

Global solar 
irradiance 
[kWh/m2/day] 0,32 1,02 2,26 3,81 5,31 5,45 5,22 4,11 2,62 1,24 0,5 0,19 32,05 

Total Solar 
irradiance 
[kWh/m2] 9,92 28,56 70,06 114,3 164,61 163,5 161,82 127,41 78,6 38,44 15 5,89 978,11 

Temperature 
Gävle -5,1 -4,9 -2,2 3,3 8,7 13,8 16,6 15,3 10,7 5,3 0,9 -2,1   
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The energy savings that this measure would achieve is almost the total energy needed for 

hot tap water which is 41,17 MWh. The energy saved is not the total amount of hot tap 

water energy as the radiance for December, January and February is not strong enough to 

supply the energy demand in these months. This energy saved represents 86% of the total 

amount needed for hot tap water; in every season 100% of the energy would be supplied 

excepting in winter, in which 50% of the energy would be supplied. 

Therefore, the amount of money and energy saved are presented in the following table 

(Table 32). 

 

Table 30: Energy and money savings 

Energy saved [kWh] 41168,37 

Money saved [kr] 31906,75 

4.2.3.2 Investment 

The total investment of this measure would be the sum of the 42 solar collector’s price, 

which unit price is 454,08€ [49], and the accumulator price. These calculations are 

presented in the next table (Table 33) with the pay-back of the efficiency measure. 

 

Table 31: Investment 

Total solar collector's price [€] 18784,4885 

 Total solar collector's price [kr] 161922,291 

 Total accumulator's price [kr] 155160 

 Total Installation Price [kr] 317082.291 

 Pay-back 10 YEARS 

Figure 34 : Accumulator’s characteristics 
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It can be seen that the pay-back is not very high that is why, the installation of solar 

collectors is a profitable energy saving measure. 

4.2.4 Increase insulation 

Transmission losses are the main cause of energy losses that is why, increasing insulation 

could be a profitable efficiency measure. From results of transmission losses, it can be 

known that transmission losses through walls contribute the most to total transmission 

losses with 36%. 

4.2.4.1 Energy effect 

This measure consists on adding 15 cm layer of sandwich mineral wool attenuation (λ = 

0.027 W/K·m). Then new U-value for the walls will be: 

       
 

       
 

 

 
 

 
 

      
 

 

    
     

        

With this new U value, transmission losses through walls resulted in (Table 34). 

Table 32: New trnamission losses through walls 

Components U-values Areas K E(Wh) E(MWh) 

Walls 0,1432 3435,292 491,933814 59671571,7 59,6715717 

 

Then, Table 34 presents annual transmission losses through walls comparison results and 

Table 35 reveals the energy and money saved with this measure. 

 

Table 33: Transmission losses though walls comparison 

Actual losses Losses with insulation 

291,69 59,67 

 

Table 34: New transmission losses though walls overview 

Overview 

MWh saved 232,02 

Money saved [kr/year] 179815,5 
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Summarizing, the energy that can be saved with this measure is 232 MWh/year which 

means 79% reduction in transmission losses through walls and 30% of total transmission 

losses. Economically, this efficiency measure would save 179815,5 kr/year. 

4.2.4.2 Investment 

In order to calculate the amount of money needed to perform this measure it has to be 

taken into account the cost of 15 cm layer of sandwich mineral wool per m2 which is 

258,6 kr/m2 [32]. Then the total investment and the pay back are shown in the following 

table (Table 37). 

Table 35: Increasing insulation investment 

  Area Price/m2 Total price 

Walls 3435,292 258,6 888366,511 

    Pay-back 5 Years 

  

As it can be seen in Table 37 the cost of increasing walls insulation is high however, as 

the money saved would is also large the pay-back time of this measure is not high. Then, 

it can be stated that this efficiency measure is profitable. 
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5 Discussion 

The main objective of this chapter is to discuss the results and the method chosen, the 

strengths and weaknesses of the thesis. In order to do it, the chapter has to be divided in 

three different sections: Energy balance, efficiency measures and strengths and 

weaknesses of the thesis. 

5.1 Energy balance 

After doing all calculations it has been known that the total amount of energy exchanged 

by building eleven of the university of Gävle is 1170,4 MWh. 

Moreover, energy balance has been performed by a modular approach separating energy 

supply and losses. 

From energy supply, it has to be mentioned that the major contributor to the total amount 

of energy is due to the energy provided by the district heating grid. Its contribution is 

58% of the total amount of energy. Energy use due to district heating depends on the 

weather, being higher in cooler month and lower in hotter months.  Furthermore, 42% of 

the total energy supply of the case under study is what is considered free heating; solar 

radiation and internal heat generation contribute to the total energy supply with 19% and 

23% respectively. As it is already known, solar radiation energy depends on the 

geographical location of the building and the different orientation of its facades being the 

one facing -30º, the facade with higher energy supply. Otherwise, energy due to internal 

heat generation has a large effect in the total amount of energy, being energy due to 

lighting the major contributor to it with the 43%. 

On the other hand, energy losses are divided into four parts: transmission losses, natural 

ventilation and infiltration, hot tap water and mechanical ventilation. From these four 

energy losses, the one that contributes the most is transmission losses with a percentage 

of 67% of the total amount of energy exchanged. From this 67%, most of it is caused by 

losses through walls and windows which contribution can be quantified by 37% and 33% 

respectively. Although transmission losses through walls are higher than through 

windows, losses are directly proportionated to areas and comparing walls area with 

windows area, the first one is almost five times the second one, what means that 

transmission losses through windows have a higher effect in total transmission losses than 

losses through walls. Furthermore, mechanical ventilation also contributes to energy 
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losses with a high percentage (16%). From the four different sections in which is divided 

the ventilation system, LB02 and LB03 are the ones that contribute the most. The reason 

is that energy from mechanical ventilation is directly proportionated to the air flow and 

air flows of these two sections almost double the other two. In addition, although energy 

due to hot tap water is not very high, only means a 4% of the total energy, it has to be 

taken into consideration. It has been seen that the demand is almost the same during the 

whole year; despite in 2013 summer months (July and August) had a larger demand. 

Finally, energy due to natural ventilation and infiltration did not have a specific 

calculation method, however results show that the process followed was correct as the 

amount of energy represents 13%. 

Then, after having mentioned all terms of the energy balance it has been analyzed where 

efficiency measures should take place. Energy saving measures presented has as main 

goal minimize transmission losses, mechanical ventilation and energy for space and water 

heating. 

5.2 Efficiency measures 

Four energy saving measures are proposed in this thesis: windows renewal, temperature 

adjustment, solar collector’s installation and increasing insulation. 

Firstly, changing all the windows of building eleven by windows with three glasses 

instead of two would have an energy impact both in transmission losses and solar 

radiation. Taking both effects into consideration this measure will reduce 33% 

transmission losses through windows, which were the most remarkable losses, and this 

reduction would represent 11% reduction of total transmission losses, and on the other 

hand, 27% of solar radiation would be reduce. However, the investment of this efficiency 

measure is really high and its pay-back of 73 years makes it less profitable than other 

measures.  

Secondly, temperature adjustment consists on reducing indoor temperature from 20 ºC to 

19ºC. This second measure has an influence both in transmission losses and ventilation 

system as both energy calculations depends on qdegree value and minimizing it would 

decrease energy from these contributors. Besides, this measure does not imply any 

investment as it only needs a thermostat adjustment. 

The third proposal is the installation of solar collectors in order to supply most of the 

energy from hot tap water which is 41 MWh. This measure consists on the installation of 
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42 solar collectors with a water accumulator. The pay back of this proposal is of 10 years 

what makes it very profitable. 

Finally, increasing walls insulation would have an impact on transmission losses. This 

measure consists on adding 15 cm layer of sandwich mineral wool. Transmission losses 

through walls would be reduced by almost 79% that represents 30% reduction of total 

transmission losses. This measure has a great energetic effect and although its investment 

is very high, its pay back is not. 

5.3 Strengths and weaknesses of the thesis 

Although the study highly satisfies the objectives set, every work has its strengths and 

weaknesses.  

In this case, the strengths of the study are: 

 

1. Technical drawings of the building, provided by Akademiska Hus, were used in 

order to make some of the calculations such as areas measures, which were later 

used to determine transmission losses through the five different paths and 

calculate solar radiation through each kind of window. 

2. Efficiency measures were studied not only energetically, but also economically 

studying the money saved per year and each measure investment and pay-back. 

3. Energy balance was performed according to the first thermodynamic law which 

was stated in the theory section. That makes the study be solid. 

4. District heating and water data was taken from invoices provided by Akademiska 

Hus, which makes the study accurate. 

5. The different proposals presented in order to improve the actual energy situation 

rely on the principle ways to reduce energy in an establishment mentioned in the 

introduction of the thesis: implementing energy-efficient technologies, energy 

carrier conversion, load management, and more energy-efficient behavior. 

 

However, in order to be critical with the study made, some weaknesses can be 

mentioned: 

 

1. Installation costs of efficiency measures were ignored as it was complex to be 

accurate, what means that real investment and pay back would be higher than the 

one calculated. 



 74 

2. Data from hot tap water was obtained from invoices of total water of the 

university. Then the fraction of hot tap water was obtained by a coefficient based 

on experience. 

3. Building eleven of the university is an old building used for military services and 

technical data from walls are not available what makes U-values not being exacts. 

4. Solar radiation tables only counted with information of some orientations. That is 

why, building’s eleven facades orientation have been adjusted to the most near 

orientations presented on them. 

5. Solar collector’s installation only presents the design of solar collectors and the 

accumulator. However, in order to realize this measure other components would 

have to be taken into consideration such as pipes. 
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6 Conclusions 

The energy study realized in this thesis reveals that the total amount of energy exchanged 

rises to 1170  MWh. 

From energy inputs, 58% of the total amount of energy, which means 678 MWh are 

provided by the local district heating grid. Taking into account the district heating price it 

can be concluded that the cost of this energy is 525450 kr/year. The percentage 

remaining, 42%, is considered free heating and it is divided between internal heat 

generation and solar radiation with 268 MWh  and 224 MWh energy contribution 

respectively. 

On the other hand, the major energy lost is caused by transmission losses. Transmission 

losses energy, 780 MWh, represents a 67% of the total energy lost. Deep analysis of 

transmission losses reveals that 37% of the energy is lost through walls and 33% through 

windows. Moreover, 16% of the total amount of energy losses is due to mechanical 

ventilation. Finally, the 17% energy remaining is divided into hot tap water and natural 

ventilation energy with 45 MWh and 154 MWh respectively.   

After having performed the energy balance, it has been proposed some measures in order 

to reduce the energy use of building eleven of the unviersity. The first proposal is 

windows renewal which would save 25 MWh/year, 11% of total energy lost by 

transmission losses, and in terms of money, 19724 kr/year. However, the investment of 

this measure is very high, 1437537 kr, which presents a pay back time of 73 years what 

makes this measure unprofitable. 

The second energy saving measure proposed is temeprature adjustment; this proposal has 

an energy impact saving almost  49 MWh, 4% of total mount of energy, which in terms 

of money represents 36798 kr/year. This measure is really gainful as its has lack of 

investment. 

Furthermore, the next efficiency measure is solar collector’s installation. With this 

measure most of the energy of hot tap water, 41 MWh that represents 3,5% of total 

energy, would be reduced. In terms of money, 31906 kr/year would be saved and  the 

pay-back time of the measure is equal to 10 years. 
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Finally, the last energy saving measure proposed is increasing insulation. This measure 

would decrease the energy lost by transmission losses 30%. This energy saved would be 

caused by a 79 % of transmission losses through walls energy reduction. 

Once all the possible measures have been examined, a priority list for the university can 

be provided. The main parameters to establish this priority list have been ease of doing, 

economical savings, investment and their pay back. 

It must be stated that all those measures have been studied individually and they do not 

take into account the influences one could have on another. So for each and every 

measure, the current situation was used as a benchmark. 

The highest priority measures should be the ones which combine ease of doing and do not 

involve any investment: reduce indoor temperature. The next measures to be 

implemented should be the ones with lower pay-back time such as the installation of solar 

collectors and increasing insulation. Finally, windows renewal should be next; this 

measure requires a substantial investment and planning since a mechanical analysis of the 

structure should be done. 

Although the main objectives of this thesis have been fulfilled, it has to be mentioned that 

this study was only done for building eleven of the University of Gävle and not for the 

whole university that is why, further studies about the remaining buildings could be 

realized in the future in order to have a completely view of the energy structure of the 

university. 
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Appendix I 

In this appendix are attached several documents needed in order to make all the 

calculation with the correct data. 

Files presented in this appendix are: 

1. Calculation factor for windows according to sun radiation 

2. Transmittance and U-values according to the window glazing. 

3. Recommended heat gain for office equipment 

4. Recommended heat gain for electric applicances 

5. Daily solar radiation for Gävle 

6. Power gain depending on human activities 

7. Surface orientations 

8. K-values for walls under the ground 

9. Calculation factors for windows according to cloudy days 

10. Solar radiance according to different latitudes. 

11. District Heating invoice 

12. Water invoice 

13. Gävle´s temperatures along the year. 
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Appendix II 
 

This appendix presents further calculations of solar radiation input taking into account the 

different windows, facade orientations and solar radiation for each month. 

The solar radiation for each month for the four different facades of the case to study is 

presented in the next table. The values of columns I (0) are solar radiation without 

shadowing and the values of columns I (10) are solar radiation considering shadows. 

Only I (10) values are presented in orientation -120 and 60 because those are the two 

orientations with shadow effect. 

 

 

-120 -30 60 150 

MONTH I(0) I(10) I(0) I(10) I(0) I(10) I(0) I(10) 

January 160 70 2360 

  

1440 140 130 

  

February 640 400 4280 2900 2240 370 

March 1720 1290 5740 4520 3920 900 

April 3320 2810 6370 5850 5420 1990 

May 4460 3910 5980 6150 5840 3050 

June 5230 4570 5820 6350 6070 3870 

July 4910 4410 5820 6280 6050 3510 

August 3720 3240 6070 5850 5520 2380 

September 2200 1930 5760 4820 4530 1230 

October 1010 650 4960 3570 2850 530 

November 270 160 3040 1910 990 200 

December 90 50 1770 1060 90 80 
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1. Orientation :-30 º 

  
January 

       

          

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total incoming 
energy (kWh) 

type 1 3,64 49 178,36 0,8 2360 0,45 4697,574336 

type 2 3,64 14 50,96 0,8 2360 0,45 1342,164096 

type 3 3,24 2 6,48 0,8 2360 0,45 170,667648 

      
TOTAL 6210,40608 

 

  
February 

       

          

window 

Unit 
area 
(m2) 

Number 
of units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total incoming 
energy (kWh) 

type 1 3,64 49 178,36 0,8 4280 0,49 8378,867661 

type 2 3,64 14 50,96 0,8 4280 0,49 2393,962189 

type 3 3,24 2 6,48 0,8 4280 0,49 304,4127744 

      
TOTAL 11077,24262 

  
March 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total incoming 
energy (kWh) 

type 1 3,64 49 178,36 0,8 5740 0,58 14726,14358 

type 2 3,64 14 50,96 0,8 5740 0,58 4207,469594 

type 3 3,24 2 6,48 0,8 5740 0,58 535,0157568 

      
TOTAL 19468,62893 

  
April 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total incoming 
energy (kWh) 

type 1 3,64 49 178,36 0,8 6370 0,58 15815,25254 

type 2 3,64 14 50,96 0,8 6370 0,58 4518,643584 

type 3 3,24 2 6,48 0,8 6370 0,58 574,584192 

      
TOTAL 20908,48032 
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May 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total incoming 
energy (kWh) 

type 1 3,64 49 178,36 0,8 5980 0,63 
8063,441568 

type 2 3,64 14 50,96 0,8 5980 0,63 
2303,840448 

type 3 3,24 2 6,48 0,8 5980 0,63 
292,953024 

      
TOTAL 

10660,23504 

 

  
September 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total incoming 
energy (kWh) 

type 1 3,64 49 178,36 0,8 5760 0,58 
7150,381056 

type 2 3,64 14 50,96 0,8 5760 0,58 
2042,966016 

type 3 3,24 2 6,48 0,8 5760 0,58 
259,780608 

      
TOTAL 

9453,12768 

  
October 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total incoming 
energy (kWh) 

type 1 3,64 49 178,36 0,8 4960 0,51 11189,25051 

type 2 3,64 14 50,96 0,8 4960 0,51 3196,928717 

type 3 3,24 2 6,48 0,8 4960 0,51 406,5168384 

      
TOTAL 14792,69606 

  
November 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total incoming 
energy (kWh) 

type 1 3,64 49 178,36 0,8 3040 0,42 5465,521152 

type 2 3,64 14 50,96 0,8 3040 0,42 1561,577472 

type 3 3,24 2 6,48 0,8 3040 0,42 198,567936 

      
TOTAL 7225,66656 
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December 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total incoming 
energy (kWh) 

type 1 3,64 49 178,36 0,8 1770 0,43 3366,594941 

type 2 3,64 14 50,96 0,8 1770 0,43 961,8842688 

type 3 3,24 2 6,48 0,8 1770 0,43 122,3118144 

      
TOTAL 4450,791024 

          

          

      
TOTAL 104247,2743 
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2. Orientation: 150º 

 

  
January 

       

          

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total 
incoming 
energy 
(kWh) 

type 1 3,64 51 185,64 0,8 130 0,45 269,326512 

type 2 3,64 17 61,88 0,8 130 0,45 89,775504 

type 4 1,73 5 8,65 0,8 130 0,45 12,54942 

type 3 3,24 2 6,48 0,8 130 0,45 9,401184 

      
TOTAL 381,05262 

          

          

  
February 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total 
incoming 
energy 
(kWh) 

type 1 3,64 51 185,64 0,8 370 0,49 753,9063168 

type 2 3,64 17 61,88 0,8 370 0,49 251,3021056 

type 4 1,73 5 3,46 0,8 370 0,49 
35,128688 

type 3 3,24 2 16,2 0,8 370 0,49 
26,3160576 

      
TOTAL 

1066,653168 

  
March 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total 
incoming 
energy 
(kWh) 

type 1 3,64 51 185,64 0,8 900 0,58 2403,221184 

type 2 3,64 17 61,88 0,8 900 0,58 801,073728 

type 4 1,73 5 8,65 0,8 900 0,58 111,97944 

type 3 3,24 2 6,48 0,8 900 0,58 83,887488 

      
TOTAL 3400,16184 
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April 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total 
incoming 
energy 
(kWh) 

type 1 3,64 51 185,64 0,8 1990 0,58 5142,376512 

type 2 3,64 17 61,88 0,8 1990 0,58 1714,125504 

type 4 1,73 5 8,65 0,8 1990 0,58 239,61192 

type 3 3,24 2 6,48 0,8 1990 0,58 179,501184 

      
TOTAL 7275,61512 

  
May 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total 
incoming 
energy 
(kWh) 

type 1 3,64 51 185,64 0,8 3050 0,63 
4280,48712 

type 2 3,64 17 61,88 0,8 3050 0,63 
1426,82904 

type 4 1,73 5 8,65 0,8 3050 0,63 
199,4517 

type 3 3,24 2 6,48 0,8 3050 0,63 
149,41584 

      
TOTAL 

6056,1837 

  
September 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total 
incoming 
energy 
(kWh) 

type 1 3,64 51 185,64 0,8 1230 0,58 
1589,226912 

type 2 3,64 17 61,88 0,8 1230 0,58 
529,742304 

type 4 1,73 5 8,65 0,8 1230 0,58 
74,05092 

type 3 3,24 2 6,48 0,8 1230 0,58 
110,947968 

      
TOTAL 

2303,968104 
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October 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total 
incoming 
energy 
(kWh) 

type 1 3,64 51 185,64 0,8 530 0,51 1244,426602 

type 2 3,64 17 61,88 0,8 530 0,51 414,8088672 

type 4 1,73 5 8,65 0,8 530 0,51 57,984756 

type 3 3,24 2 6,48 0,8 530 0,51 43,4382912 

      
TOTAL 1760,658516 

 

  
November 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total 
incoming 
energy 
(kWh) 

type 1 3,64 51 185,64 0,8 200 0,42 374,25024 

type 2 3,64 17 61,88 0,8 200 0,42 124,75008 

type 4 1,73 5 8,65 0,8 200 0,42 17,4384 

type 3 3,24 2 6,48 0,8 200 0,42 13,06368 

      
TOTAL 529,5024 

  
December 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total 
incoming 
energy 
(kWh) 

type 1 3,64 51 185,64 0,8 80 0,43 158,3731968 

type 2 3,64 17 61,88 0,8 80 0,43 52,7910656 

type 4 1,73 5 8,65 0,8 80 0,43 7,379488 

type 3 3,24 2 6,48 0,8 80 0,43 5,5282176 

      
TOTAL 224,071968 

          

      
TOTAL 22997,86744 
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3. Orientation: 60º 

 

 

 

  

January 

      

         

         

window 

Unit 

area 

(m2) 

Number 

of units 

Total 

area 

(m2) 

Solar 

transmittance 

Solar 

irradiation 

(Wh/m2day) 

Cloud 

calculation 

factor 

Total incoming 

energy (kWh) 

type 1 3,64 6 21,84 0,8 1440 0,45 350,977536 
 

type 2 3,64 2 7,28 0,8 1440 0,45 116,992512 
 

type 3 3,24 0 0 0,8 1440 0,45 0 
 

type 4 1,73 3 5,19 0,8 1440 0,45 83,405376 
 

type 1 

shadow 3,64 3 10,92 0,8 140 0,45 17,061408  

type 5 0,4725 4 1,89 0,8 1440 0,45 30,373056 
 

type 5 

shadow 0,4725 4 1,89 0,8 140 0,45 2,952936  

type 6 6,84 4 27,36 0,8 1440 0,45 439,686144 
 

type 2 

shadow 3,64 1 3,64 0,8 140 0,45 5,687136  

type 4 

shadow 1,73 1 1,73 0,8 140 0,45 2,702952  

type 7 10,26 2 20,52 0,8 1440 0,45 329,764608 
 

      

TOTAL 1379,603664 
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February 

      
 

         
 

window 

Unit 

area 

(m
2
) 

Number 

of units 

Total 

area 

(m
2
) 

Solar 

transmittance 

Solar 

irradiation 

(Wh/m
2
day) 

Cloud 

calculation 

factor 

Total incoming 

energy (kWh) 

type 1 3,64 6 21,84 0,8 2900 0,49 695,175936 
 

type 2 3,64 2 7,28 0,8 2900 0,49 231,725312 
 

type 3 3,24 0 0 0,8 2900 0,49 0 
 

type 4 1,73 3 5,19 0,8 2900 0,49 165,199776 
 

type 1 

shadow 3,64 3 10,92 0,8 2240 0,49 268,4817408  

type 5 0,4725 4 1,89 0,8 2900 0,49 60,159456 
 

type 5 

shadow 0,4725 4 1,89 0,8 2240 0,49 46,4679936  

type 6 6,84 4 27,36 0,8 2900 0,49 870,879744 
 

type 2 

shadow 3,64 1 3,64 0,8 2240 0,49 89,4939136  

type 4 

shadow 1,73 1 1,73 0,8 2240 0,49 42,5341952  

type 7 10,26 2 20,52 0,8 2900 0,49 653,159808 
 

      

TOTAL 3123,277875 
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March 

      
 

         
 

window 

Unit 

area 

(m
2
) 

Number 

of units 

Total 

area 

(m
2
) 

Solar 

transmittance 

Solar 

irradiation 

(Wh/m
2
day) 

Cloud 

calculation 

factor 

Total incoming 

energy (kWh) 

type 1 3,64 6 21,84 0,8 4520 0,58 1419,942451 
 

type 2 3,64 2 7,28 0,8 4520 0,58 473,3141504 
 

type 3 3,24 0 0 0,8 4520 0,58 0 
 

type 4 1,73 3 5,19 0,8 4520 0,58 337,4313792 
 

type 1 

shadow 3,64 3 10,92 0,8 3920 0,58 615,7272576  

type 5 0,4725 4 1,89 0,8 4520 0,58 122,8796352 
 

type 5 

shadow 0,4725 4 1,89 0,8 3920 0,58 106,5681792  

type 6 6,84 4 27,36 0,8 4520 0,58 1778,829005 
 

type 2 

shadow 3,64 1 3,64 0,8 3920 0,58 205,2424192  

type 4 

shadow 1,73 1 1,73 0,8 3920 0,58 97,5465344  

type 7 10,26 2 20,52 0,8 4520 0,58 1334,121754 
 

      

TOTAL 6491,602765 
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April 

      
 

         
 

window 

Unit 

area 

(m
2
) 

Number 

of units 

Total 

area 

(m
2
) 

Solar 

transmittance 

Solar 

irradiation 

(Wh/m
2
day) 

Cloud 

calculation 

factor 

Total incoming 

energy (kWh) 

type 1 3,64 6 21,84 0,8 5850 0,58 1778,47488 
 

type 2 3,64 2 7,28 0,8 5850 0,58 592,82496 
 

type 3 3,24 0 0 0,8 5850 0,58 0 
 

type 4 1,73 3 5,19 0,8 5850 0,58 422,63208 
 

type 1 

shadow 3,64 3 10,92 0,8 5420 0,58 823,874688  

type 5 0,4725 4 1,89 0,8 5850 0,58 153,90648 
 

type 5 

shadow 0,4725 4 1,89 0,8 5420 0,58 142,593696  

type 6 6,84 4 27,36 0,8 5850 0,58 2227,97952 
 

type 2 

shadow 3,64 1 3,64 0,8 5420 0,58 274,624896  

type 4 

shadow 1,73 1 1,73 0,8 5420 0,58 130,522272  

type 7 10,26 2 20,52 0,8 5850 0,58 1670,98464 
 

      

TOTAL 8218,418112 
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May 

      
 

         
 

window 

Unit 

area 

(m
2
) 

Number 

of units 

Total 

area 

(m
2
) 

Solar 

transmittance 

Solar 

irradiation 

(Wh/m
2
day) 

Cloud 

calculation 

factor 

Total incoming 

energy (kWh) 

type 1 3,64 6 21,84 0,8 6150 0,63 1015,42896 
 

type 2 3,64 2 7,28 0,8 6150 0,63 338,47632 
 

type 3 3,24 0 0 0,8 6150 0,63 0 
 

type 4 1,73 3 5,19 0,8 6150 0,63 241,30386 
 

type 1 

shadow 3,64 3 10,92 0,8 5840 0,63 482,122368  

type 5 0,4725 4 1,89 0,8 6150 0,63 87,87366 
 

type 5 

shadow 0,4725 4 1,89 0,8 5840 0,63 83,444256  

type 6 6,84 4 27,36 0,8 6150 0,63 1272,07584 
 

type 2 

shadow 3,64 1 3,64 0,8 5840 0,63 160,707456  

type 4 

shadow 1,73 1 1,73 0,8 5840 0,63 76,380192  

type 7 10,26 2 20,52 0,8 6150 0,63 954,05688 
 

      

TOTAL 4711,869792 
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September 

      
 

         
 

window 

Unit 

area 

(m
2
) 

Number 

of units 

Total 

area 

(m
2
) 

Solar 

transmittance 

Solar 

irradiation 

(Wh/m
2
day) 

Cloud 

calculation 

factor 

Total incoming 

energy (kWh) 

type 1 3,64 6 21,84 0,8 4820 0,58 732,670848 
 

type 2 3,64 2 7,28 0,8 4820 0,58 244,223616 
 

type 3 3,24 0 0 0,8 4820 0,58 0 
 

type 4 1,73 3 5,19 0,8 4820 0,58 174,109968 
 

type 1 

shadow 3,64 3 10,92 0,8 4530 0,58 344,294496  

type 5 0,4725 4 1,89 0,8 4820 0,58 63,404208 
 

type 5 

shadow 0,4725 4 1,89 0,8 4530 0,58 59,589432  

type 6 6,84 4 27,36 0,8 4820 0,58 917,851392 
 

type 2 

shadow 3,64 1 3,64 0,8 4530 0,58 114,764832  

type 4 

shadow 1,73 1 1,73 0,8 4530 0,58 54,544824  

type 7 10,26 2 20,52 0,8 4820 0,58 688,388544 
 

      

TOTAL 3393,84216 
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October 

      
 

         
 

window 

Unit 

area 

(m
2
) 

Number 

of units 

Total 

area 

(m
2
) 

Solar 

transmittance 

Solar 

irradiation 

(Wh/m
2
day) 

Cloud 

calculation 

factor 

Total incoming 

energy (kWh) 

type 1 3,64 6 21,84 0,8 3570 0,51 986,1493824 
 

type 2 3,64 2 7,28 0,8 3570 0,51 328,7164608 
 

type 3 3,24 0 0 0,8 3570 0,51 0 
 

type 4 1,73 3 5,19 0,8 3570 0,51 234,3459384 
 

type 1 

shadow 3,64 3 10,92 0,8 2850 0,51 393,631056  

type 5 0,4725 4 1,89 0,8 3570 0,51 85,3398504 
 

type 5 

shadow 0,4725 4 1,89 0,8 2850 0,51 68,128452  

type 6 6,84 4 27,36 0,8 3570 0,51 1235,39593 
 

type 2 

shadow 3,64 1 3,64 0,8 2850 0,51 131,210352  

type 4 

shadow 1,73 1 1,73 0,8 2850 0,51 62,360964  

type 7 10,26 2 20,52 0,8 3570 0,51 926,5469472 
 

      

TOTAL 4451,825333 
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November 

      
 

         
 

window 

Unit 

area 

(m
2
) 

Number 

of units 

Total 

area 

(m
2
) 

Solar 

transmittance 

Solar 

irradiation 

(Wh/m
2
day) 

Cloud 

calculation 

factor 

Total incoming 

energy (kWh) 

type 1 3,64 6 21,84 0,8 1910 0,42 420,481152 
 

type 2 3,64 2 7,28 0,8 1910 0,42 140,160384 
 

type 3 3,24 0 0 0,8 1910 0,42 0 
 

type 4 1,73 3 5,19 0,8 1910 0,42 99,922032 
 

type 1 

shadow 3,64 3 10,92 0,8 990 0,42 108,972864  

type 5 0,4725 4 1,89 0,8 1910 0,42 36,387792 
 

type 5 

shadow 0,4725 4 1,89 0,8 990 0,42 18,860688  

type 6 6,84 4 27,36 0,8 1910 0,42 526,756608 
 

type 2 

shadow 3,64 1 3,64 0,8 990 0,42 36,324288  

type 4 

shadow 1,73 1 1,73 0,8 990 0,42 17,264016  

type 7 10,26 2 20,52 0,8 1910 0,42 395,067456 
 

      

TOTAL 1800,19728 
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December 

      
 

         
 

window 

Unit 

area 

(m
2
) 

Number 

of units 

Total 

area 

(m
2
) 

Solar 

transmittance 

Solar 

irradiation 

(Wh/m
2
day) 

Cloud 

calculation 

factor 

Total incoming 

energy (kWh) 

type 1 3,64 6 21,84 0,8 1060 0,43 246,8758656 
 

type 2 3,64 2 7,28 0,8 1060 0,43 82,2919552 
 

type 3 3,24 0 0 0,8 1060 0,43 0 
 

type 4 1,73 3 5,19 0,8 1060 0,43 58,6669296 
 

type 1 

shadow 3,64 3 10,92 0,8 90 0,43 10,4805792  

type 5 0,4725 4 1,89 0,8 1060 0,43 21,3642576 
 

type 5 

shadow 0,4725 4 1,89 0,8 90 0,43 1,8139464  

type 6 6,84 4 27,36 0,8 1060 0,43 309,2730624 
 

type 2 

shadow 3,64 1 3,64 0,8 90 0,43 3,4935264  

type 4 

shadow 1,73 1 1,73 0,8 90 0,43 1,6603848  

type 7 10,26 2 20,52 0,8 1060 0,43 231,9547968 
 

      

TOTAL 967,875304 
 

         
 

      

TOTAL 34538,51228 
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4. Orientation: -120º 

 

  
January 

       

          

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total 
incoming 
energy 
(kWh) 

type 1 3,64 12 43,68 0,8 160 0,45 77,995008 

type 2 3,64 4 14,56 0,8 160 0,45 25,998336 

type 3 3,24 0 0 0,8 160 0,45 0 

type 4 0,8659 1 0,8659 0,8 160 0,45 1,54615104 
type 1 
shadow 3,64 3 10,92 0,8 70 0,45 8,530704 

type 5 0,4725 0 0 0,8 160 0,45 0 
type 5 
shadow 0,4725 4 1,89 0,8 70 0,45 1,476468 

type 6 6,84 3 20,52 0,8 160 0,45 36,640512 
type 2 
shadow 3,64 1 3,64 0,8 70 0,45 2,843568 
type 4 
shadow 1,73 1 1,73 0,8 70 0,45 1,351476 

type 7 10,26 1 10,26 0,8 160 0,45 18,320256 

      
TOTAL 174,702479 

  
February 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total 
incoming 
energy 
(kWh) 

type 1 3,64 12 43,68 0,8 640 0,49 306,8362752 

type 2 3,64 4 14,56 0,8 640 0,49 102,2787584 

type 3 3,24 0 0 0,8 640 0,49 0 

type 4 0,8659 1 0,8659 0,8 640 0,49 6,082635776 
type 1 
shadow 3,64 3 10,92 0,8 400 0,49 47,943168 

type 5 0,4725 0 0 0,8 640 0,49 0 
type 5 
shadow 0,4725 4 1,89 0,8 400 0,49 8,297856 

type 6 6,84 3 20,52 0,8 640 0,49 144,1456128 
type 2 
shadow 3,64 1 3,64 0,8 400 0,49 15,981056 
type 4 
shadow 1,73 1 1,73 0,8 400 0,49 7,595392 

type 7 10,26 1 10,26 0,8 640 0,49 72,0728064 

      
TOTAL 711,2335606 
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March 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total 
incoming 
energy 
(kWh) 

type 1 3,64 12 43,68 0,8 1720 0,58 1080,664166 

type 2 3,64 4 14,56 0,8 1720 0,58 360,2213888 

type 3 3,24 0 0 0,8 1720 0,58 0 

type 4 0,8659 1 0,8659 0,8 1720 0,58 21,42278163 
type 1 
shadow 3,64 3 10,92 0,8 1290 0,58 202,6245312 

type 5 0,4725 0 0 0,8 1720 0,58 0 
type 5 
shadow 0,4725 4 1,89 0,8 1290 0,58 35,0696304 

type 6 6,84 3 20,52 0,8 1720 0,58 507,6746496 
type 2 
shadow 3,64 1 3,64 0,8 1290 0,58 67,5415104 
type 4 
shadow 1,73 1 1,73 0,8 1290 0,58 32,1007728 

type 7 10,26 1 10,26 0,8 1720 0,58 253,8373248 

      
TOTAL 2561,156756 

  
April 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total 
incoming 
energy 
(kWh) 

type 1 3,64 12 43,68 0,8 3320 0,58 2018,644992 

type 2 3,64 4 14,56 0,8 3320 0,58 672,881664 

type 3 3,24 0 0 0,8 3320 0,58 0 

type 4 0,8659 1 0,8659 0,8 3320 0,58 40,01704896 
type 1 
shadow 3,64 3 10,92 0,8 2810 0,58 427,137984 

type 5 0,4725 0 0 0,8 3320 0,58 0 
type 5 
shadow 0,4725 4 1,89 0,8 2810 0,58 73,927728 

type 6 6,84 3 20,52 0,8 3320 0,58 948,319488 
type 2 
shadow 3,64 1 3,64 0,8 2810 0,58 142,379328 
type 4 
shadow 1,73 1 1,73 0,8 2810 0,58 67,669296 

type 7 10,26 1 10,26 0,8 3320 0,58 474,159744 

      
TOTAL 4865,137273 
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May 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total 
incoming 
energy 
(kWh) 

type 1 3,64 12 43,68 0,8 4460 0,63 
1472,784768 

type 2 3,64 4 14,56 0,8 4460 0,63 
490,928256 

type 3 3,24 0 0 0,8 4460 0,63 
0 

type 4 0,8659 1 0,8659 0,8 4460 0,63 
29,19606984 

type 1 
shadow 3,64 3 10,92 0,8 3910 0,63 

322,790832 

type 5 0,4725 0 0 0,8 4460 0,63 
0 

type 5 
shadow 0,4725 4 1,89 0,8 3910 0,63 

55,867644 

type 6 6,84 3 20,52 0,8 4460 0,63 
691,885152 

type 2 
shadow 3,64 1 3,64 0,8 3910 0,63 

107,596944 

type 4 
shadow 1,73 1 1,73 0,8 3910 0,63 

51,138108 

type 7 10,26 1 10,26 0,8 4460 0,63 
345,942576 

      
TOTAL 

3568,13035 
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September 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total 
incoming 
energy 
(kWh) 

type 1 3,64 12 43,68 0,8 2200 0,58 
668,82816 

type 2 3,64 4 14,56 0,8 2200 0,58 
222,94272 

type 3 3,24 0 0 0,8 2200 0,58 
0 

type 4 0,8659 1 0,8659 0,8 2200 0,58 
13,2586608 

type 1 
shadow 3,64 3 10,92 0,8 1930 0,58 

146,686176 

type 5 0,4725 0 0 0,8 2200 0,58 
0 

type 5 
shadow 0,4725 4 1,89 0,8 1930 0,58 

25,387992 

type 6 6,84 3 20,52 0,8 2200 0,58 
314,20224 

type 2 
shadow 3,64 1 3,64 0,8 1930 0,58 

48,895392 

type 4 
shadow 1,73 1 1,73 0,8 1930 0,58 

23,238744 

type 7 10,26 1 10,26 0,8 2200 0,58 
157,10112 

      
TOTAL 

1620,541205 
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October 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total 
incoming 
energy 
(kWh) 

type 1 3,64 12 43,68 0,8 1010 0,51 557,9892864 

type 2 3,64 4 14,56 0,8 1010 0,51 185,9964288 

type 3 3,24 0 0 0,8 1010 0,51 0 

type 4 0,8659 1 0,8659 0,8 1010 0,51 11,06142223 
type 1 
shadow 3,64 3 10,92 0,8 650 0,51 89,775504 

type 5 0,4725 0 0 0,8 1010 0,51 0 
type 5 
shadow 0,4725 4 1,89 0,8 650 0,51 15,538068 

type 6 6,84 3 20,52 0,8 1010 0,51 262,1323296 
type 2 
shadow 3,64 1 3,64 0,8 650 0,51 29,925168 
type 4 
shadow 1,73 1 1,73 0,8 650 0,51 14,222676 

type 7 10,26 1 10,26 0,8 1010 0,51 131,0661648 

      
TOTAL 1297,707048 

  
November 

       

          

window 

Unit 
area 
(m2) 

Number of 
units 

Total 
area 
(m2) 

Solar 
transmittance 

Solar 
irradiation 
(Wh/m2day) 

Cloud 
calculation 
factor 

Total 
incoming 
energy 
(kWh) 

type 1 3,64 12 43,68 0,8 270 0,42 118,879488 

type 2 3,64 4 14,56 0,8 270 0,42 39,626496 

type 3 3,24 0 0 0,8 270 0,42 0 

type 4 0,8659 1 0,8659 0,8 270 0,42 2,35663344 
type 1 
shadow 3,64 3 10,92 0,8 160 0,42 17,611776 

type 5 0,4725 0 0 0,8 270 0,42 0 
type 5 
shadow 0,4725 4 1,89 0,8 160 0,42 3,048192 

type 6 6,84 3 20,52 0,8 270 0,42 55,847232 
type 2 
shadow 3,64 1 3,64 0,8 160 0,42 5,870592 
type 4 
shadow 1,73 1 1,73 0,8 160 0,42 2,790144 

type 7 10,26 1 10,26 0,8 270 0,42 27,923616 

      
TOTAL 273,9541694 
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December 

       

          

window 

Unit 

area 

(m2) 

Number 

of units 

Total 

area 

(m2) 

Solar 

transmittance 

Solar 

irradiation 

(Wh/m2day) 

Cloud 

calculation 

factor 

Total 

incoming 

energy 

(kWh) 

type 1 3,64 12 43,68 0,8 90 0,43 41,9223168 

type 2 3,64 4 14,56 0,8 90 0,43 13,9741056 

type 3 3,24 0 0 0,8 90 0,43 0 

type 4 0,8659 1 0,8659 0,8 90 0,43 0,831056184 

type 1 

shadow 3,64 3 10,92 0,8 50 0,43 5,822544 

type 5 0,4725 0 0 0,8 90 0,43 0 

type 5 

shadow 0,4725 4 1,89 0,8 50 0,43 1,007748 

type 6 6,84 3 20,52 0,8 90 0,43 19,6942752 

type 2 

shadow 3,64 1 3,64 0,8 50 0,43 1,940848 

type 4 

shadow 1,73 1 1,73 0,8 50 0,43 0,922436 

type 7 10,26 1 10,26 0,8 90 0,43 9,8471376 

      

TOTAL 95,96246738 

          

      

TOTAL 15168,52531 
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Appendix III 

This appendix contains further calculations of internal heat generation due to lighting. It 

presents the energy calculations per floor. 

1. First floor 

Type 
Effect 

[W] 

 Power per 

light [W] 

Number lights 

1st floor 
Location Hours/Day Days/year Energy[Wh] 

Energy 

[MWh] 

L5-T 1 38 38 2 Stairs 10 280 212800 0,2128 

L9-P 3 36 108 1 Classes 8 280 241920 0,24192 

L11-V 1 50 50 31 Corridor 10 280 4340000 4,34 

L13-V 1 36 36 84 Classrooms 8 280 6773760 6,77376 

L18-V 1 18 18 1 Exterior 10 280 50400 0,0504 

L23-V 1 36 36 1 Corridor 10 280 100800 0,1008 

L24-P 2 36 72 6 Maintenance 3 280 362880 0,36288 

L24-V 2 36 72 2 Classes 8 280 322560 0,32256 

L24-T 2 36 72 13 Classes 8 280 2096640 2,09664 

L25-T 2 18 36 1 Classes 8 280 80640 0,08064 

L28-T 2 18 36 5 Classes 8 280 403200 0,4032 

L32-P 1 36 36 30 Classrooms 8 280 2419200 2,4192 

G1-V 1 75 75 12 Toilets 3 280 756000 0,756 

N6-V 1 18 18 1 Emergency? 24 280 120960 0,12096 

N7-V 1 18 18 2 Corridor 10 280 100800 0,1008 

N8-PD 2 18 36 1 Corridor 10 280 100800 0,1008 

       

TOTAL 18483360 18,48336 
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2. Second floor 

Type 
Effect 

[W] 

 Power 

per light 

[W] 

Number 

lights 2nd 

floor 

Location Hours/day Days/year 
Energy 

[Wh] 

Energy 

[MWh] 

L1-1 1 36 36 151 Classroom 8 280 12176640 12,17664 

L2-T 1 36 36 48 Classroom 8 280 3870720 3,87072 

L3-T 1 18 18 14 Classroom 8 280 564480 0,56448 

L4-V6 4 36 144 1 Classroom 8 280 322560 0,32256 

L5-T 1 38 38 1 Office 8 280 85120 0,08512 

L7-P 1 25 25 12 Stairs 10 280 840000 0,84 

L8-V 1 24 24 6 Corridor 10 280 403200 0,4032 

L9-P 3 36 108 13 Classroom 8 280 3144960 3,14496 

L10-I 1 18 18 17 Corridor 10 280 856800 0,8568 

L16-V 1 18 18 1 Classroom 8 280 40320 0,04032 

L16-T 1 18 18 8 Classroom 8 280 322560 0,32256 

L22-T 2 16 32 1 Classroom 8 280 71680 0,07168 

L24-T 2 36 72 1 Classroom 8 280 161280 0,16128 

L27-T 2 28 56 3 Stairs 10 280 470400 0,4704 

L28-T 2 18 36 1 Office 8 280 80640 0,08064 

L31-I 1 5 5 6 Corridor 10 280 84000 0,084 

G1-V 1 75 75 6 Toilets 3 280 378000 0,378 

N5-V 1 18 18 3 Corridor 10 280 151200 0,1512 

N7-V 1 18 18 1 Corridor 10 280 50400 0,0504 

H1-V 1 50 50 1 Corridor 10 280 140000 0,14 

       

TOTAL 24214960 24,21496 
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3. Third floor 

Type Effect [W] 
 Power per 

light [W] 

Number 

lights 3rd 

floor 

Location Hours/day Days/year 
Energy 

[Wh] 

Energy 

[MWh] 

L1-1 1 36 36 135 Classroom 8 280 10886400 10,8864 

L2-T 1 36 36 48 Classroom 8 280 3870720 3,87072 

L3-T 1 18 18 14 Classroom 8 280 564480 0,56448 

L7-P 1 25 25 14 Corridor 10 280 980000 0,98 

L8-V 1 24 24 6 Corridor 10 280 403200 0,4032 

L9-P 3 36 108 6 Office 8 280 1451520 1,45152 

L10-I 1 18 18 29 Corridor 10 280 1461600 1,4616 

L12-T 2 36 72 9 Classroom 8 280 1451520 1,45152 

L12-P 2 36 72 3 Classroom 8 280 483840 0,48384 

L16-T 1 18 18 18 Corridor 10 280 907200 0,9072 

L22-T 2 16 32 1 Office 8 280 71680 0,07168 

L23-V 1 36 36 1 Corridor 8 280 80640 0,08064 

L28-T 2 18 36 1 Office 8 280 80640 0,08064 

L31-I 1 5 5 6 Corridor 10 280 84000 0,084 

L40-P 3 36 108 7 Office 8 280 1693440 1,69344 

G1-V 1 75 75 11 Toilets 3 280 693000 0,693 

N5-V 1 18 18 3 Corridor 10 280 151200 0,1512 

       

TOTAL 25315080 25,31508 
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4. Fourth floor 

Type 
Effect 

[W] 

 Power per 

light [W] 

Number 

lights 4th 

floor 

Location Hours/day Days/year 
Energy 

[Wh] 

Energy 

[MWh] 

L5-T 1 38 38 1 Corridor 10 280 106400 0,1064 

L7-P 1 25 25 5 Stairs 10 280 350000 0,35 

L9-P 3 36 108 43 Office 8 280 10402560 10,40256 

L10-I 1 18 18 69 Corridor 10 280 3477600 3,4776 

L17-P 1 36 36 27 Corridor 10 280 2721600 2,7216 

L22-T 2 16 32 1 Office 8 280 71680 0,07168 

L23-V 1 36 36 1 Corridor 10 280 100800 0,1008 

L24-T 2 36 72 1 Office 8 280 161280 0,16128 

L28-T 2 18 36 1 Office 8 280 80640 0,08064 

L29-V 1 36 36 1 Office 8 280 80640 0,08064 

L30-B 1 18 18 2 Corridor 10 280 100800 0,1008 

L31-I 1 5 5 6 Corridor 10 280 84000 0,084 

G1-V 1 75 75 6 Toilets 3 280 378000 0,378 

N5-V 1 18 18 3 Corridor 10 280 151200 0,1512 

N6-PD 2 18 36 8 Office 8 280 645120 0,64512 

       

TOTAL 18912320 18,91232 
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5. Fifth floor 

Type 
Effect 

[W] 

 Power 

per light 

[W] 

Number 

lights 5th 

floor 

Location Hours/day Days/year 
Energy 

[Wh] 

Energy 

[MWh] 

L1-1 1 36 36 151 Classroom 8 280 12176640 12,17664 

L2-T 1 36 36 40 Classroom 8 280 3225600 3,2256 

L3-T 1 18 18 16 Classroom 8 280 645120 0,64512 

L4-V4 3 36 108 5 Classroom 8 280 1209600 1,2096 

L5-T 1 38 38 1 office 8 280 85120 0,08512 

L7-P 1 25 25 14 Stairs/corridor 10 280 980000 0,98 

L8-V 1 24 24 6 Corridor 10 280 403200 0,4032 

L9-P 3 36 108 7 Classroom 8 280 1693440 1,69344 

L10-I 1 18 18 17 Corridor 10 280 856800 0,8568 

L22-T 2 16 32 1 Classroom 8 280 71680 0,07168 

L23-V 1 36 36 1 Corridor 10 280 100800 0,1008 

L24-T 2 36 72 3 office 8 280 483840 0,48384 

L28-T 2 18 36 1 office 8 280 80640 0,08064 

L31-I 1 5 5 7 Corridor 10 280 98000 0,098 

L40-P 3 36 108 7 Classroom 8 280 1693440 1,69344 

G1-V 1 75 75 6 Toilets 3 280 378000 0,378 

N5-V 1 18 18 3 Corridor 10 280 151200 0,1512 

       

TOTAL 24333120 24,33312 

6. Sixth floor 

Type 
Effect 

[W] 

 Power per 

light [W] 

Number lights 

6th floor 
Location Hours/day Days/year 

Energy 

[Wh] 

Energy 

[MWh] 

L5-T 1 38 38 2 Maintenance 3 280 63840 0,06384 

L9-P 3 36 108 6 Maintenance 3 280 544320 0,54432 

L10-I 1 18 18 14 Maintenance 3 280 211680 0,21168 

L22-V 2 16 32 14 Maintenance 3 280 376320 0,37632 

L24-T 2 36 72 11 Maintenance 3 280 665280 0,66528 

L24-P 2 36 72 24 Maintenance 3 280 1451520 1,45152 

L25-T 2 18 36 2 Maintenance 3 280 60480 0,06048 

N5-V 1 18 18 2 Maintenance 3 280 30240 0,03024 

       

TOTAL 3403680 3,40368 
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Appendix IV 
 

In this appendix are attached all technical drawings used for this thesis provided by 

Akademiska Hus. These technical drawings include plans of the different facades, plans 

of each floor and lighting plans. 
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