
  



i 
 

Abstract 
This thesis project features an energy survey at Vallbacksskolan, a multipurpose 

educational facility comprised of two joint buildings located in the city of Gävle, in 

eastern Sweden. This kind of research has gained remarkable interest during the last 

decade given the continuously increasing energy prices and the global need of turning to 

a more sustainable energy model. The study at Vallbacksskolan was particularly 

interesting given the existing prompt refurbishment plans for the building, from which a 

more efficient construction that is more respectful towards the environment is to be 

obtained. 

The first part of the research has focused on portraying the actual state of thermal 

energy at the facilities by establishing an energy balance and quantifying the different 

input and output flows via various calculation methods inside the energy transmission 

area of knowledge. Such study has shown that energy purchased from the local district 

heating grid, of around 1085 MWh/year, represents around 50% of the total input to 

Vallbacksskolan, while free heating sources like solar radiation through the windows 

and internal generation mechanisms are responsible for the remaining half. Regarding 

the outputs, transmission losses have resulted to be the highest contributors with 1323 

MWh per year that represent 63% of the total. Amongst such losses, walls have been 

spotted to have the highest outward flow with annually 555 MWh; however, windows 

have been concluded to be the weakest link given their highest heat flow density of 

more than 0,31 MWh/m2, so it has been stated that they should be one of the pivotal 

points of any future refurbishment. As far as the remaining output mechanisms are 

concerned, mechanical ventilation has resulted to contribute with more than 600 MWh 

for 29% of the total losses, while natural ventilation and hot tap water sum up for the 

remaining 8%. 

The second part of the thesis work has dealt with providing different ways of improving 

system efficiency at Vallbacksskolan, along with a feasibility and economic effect 

analysis for each of them. It has been concluded that the most effective measure 

decreasing indoor temperature settings in order to reduce transmission and ventilation 

heat losses, which would save the building an estimate annual 96 MWh and 75.000 

SEK at no significant investment. The installation of additional glazing in the windows 

has been considered as the second best option, saving nearly 75 MWh every year with 

an economic positive effect of more than 4000 SEK/year, given the required investment. 
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The design of a solar collector system for covering hot tap water needs has been given 

third degree priority, helping prevent the expense of more than 3.500 SEK every year. 

Finally, a full window renewal has also been proposed but it has turned out to be 

unprofitable, mainly due to the fact of dealing with a protected heritage building that 

must preserve its original aspect; the previously mentioned additional glazing has 

proved to be the right choice for this kind of constructions. If all the affordable 

efficiency measures were to be implemented, over 200 MWh would be saved every year 

at Vallbacksskolan, resulting in a reduction of the annual energy expense of over 80.000 

SEK. However, it has been stated that further technical analysis is recommended before 

any final decisions are made in this matter given the approximate nature of the study. 

Nomenclature 

• Q = Energy (Wh) 

• P = Power (W) 

• U = U-value (Wh/m2 ºC) 

• A = Area (m2) 

• T = Temperature (ºC) 

• ρ = Density (kg/m3) 

• η = Efficiency (0-1) 

• M = Mass (kg)  
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1 INTRODUCTION 
This thesis project work consists of a complete energy audit carried out at the 

Vallbacksskolan main building during the spring of 2013. An energy audit can be 

defined as the`` inspection, survey and analysis of energy in a system, with the aim to 

reduce the amount of energy use keeping the outputs of the process intact´´ [1].  

The working period has been of approximately 10 full time working weeks including 

both experimental work and documentation. The study has been carried out by students 

Asier Bermejo and Ausias Moratal as part of the ``Master in Energy Systems´´ degree at 

Högskolan i Gävle. The energy audit has been carried out in cooperation with Sweco 

AB, where contact Roland Forsberg has provided any necessary material and/or 

technical assessment. 

The facility studied is the Vallbacksskolan adult education school located at 

Brunnsgatan 46, Gävle (Sweden). This educational center focuses on different kinds of 

activities ranging from language or art courses to hospitality education. The 

multipurpose facility is comprised of 2 different buildings; a 5 floor brick construction 

built in the 19th century and a modern 2 level building attached to it due to the 

expansion needs of the school. Regarding energy supply for the building, 

Vallbacksskolan is connected to the Gävle Kommun district heating grid, where all the 

thermal energy required for tap water and space heating needs is acquired from.  

The first part of the project will deal with analyzing the energy inputs and outputs on 

the building, quantifying the different flows and establishing an energy balance that will 

indicate the actual state of the facility. Among the inputs internal generation, solar 

radiation and district heating purchase will be studied whereas hot tap water, 

transmission losses and ventilation heat losses will be analyzed as outputs. The core 

data for this part of the project will be comprised of both information provided by 

Gavlefastigheter (i.e. plans of the building and schemes of the ventilation system) and 

on-site measurements such as window areas or air-flows. This study will show where 

exactly energy is spent, helping identify possible areas for energy efficiency 

improvements.  

Once those areas have been identified, the second part of the work will focus on 

providing various alternatives for efficiency improvement in the building. The technical 

viability of each of them will be analyzed, as well as estimating their energetic and 
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economic impact. Finally, these improvements will be ranked according to their 

importance and level of priority depending on the previously mentioned factors. 

 

1.1 Background 

This section contextualizes the thesis work and the studies that have been carried out by 

the researchers. First, the global context is analyzed both from the social and economic 

points of view and, secondly, a more detailed description of the worksite is provided. 

 

1.1.1 Energy situation worldwide 

Energy use is constantly increasing; since the industrial revolution, energy demand has 

experienced a large rise worldwide. This phenomenon comes mainly from the 

continuous increase of global population, the fast development of transportation 

methods and ways and the fact that industrial activities have, since then, become the 

most important pillar of the economy [1]. Figure 1 shows the evolution on energy use 

during the last century. 

 
Figure 1 - Evolution of global energy use [2] 

 

A closer look at the last 5 years shows that power use in developed countries is in fact 

suffering a slight decrease, due largely to the current economic crisis suffered by such 

territories. For example, energy use in developed countries of OECD has fallen 0,8% in 

2011. However, consumption in emerging economies is growing at an average rate of 
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5,3%. Consequently, in global terms, the high increase in energy use is expected to 

continue, and most of it will predictably be based on fossil fuels. They are currently the 

most common kind of fuel used in the world with an 88% of contribution. Oil is the 

most important amongst them, representing a 35% of the total share, followed by coal 

with 29% and natural gas with 24% [3]. Distribution of different types of energy is 

shown in figure 2.  

 
Figure 2 - World energy use by fuel [2] 

 

A look at the geographical distribution of power use shows that the Asia Pacific region 

is the world´s largest energy consumer, accounting for 39,1% of the total use and 68,6% 

of global coal consumption [4]. The high population density of the area, together with 

cheap prices of the mentioned fossil fuel, can be held accountable for such percentages. 

It is also observable that more industrially developed areas, such as North America or 

Europe, have a higher share of renewables and nuclear energy when compared to 

currently developing zones like Africa or Middle East. Present percentage distribution 

of energy types used by region is shown in figure 3.  
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Figure 3 - Enegy distribution by region [4] 

The building sector, in which this thesis project is contextualized, uses more energy 

than any other sector with almost 50% of the total use in the United States [5], as can be 

seen in figure 4. 

 
Figure 4 - Energy use by sector in the United States [5] 

 

1.1.1.1 The economic effect 
As shown in the previous section, energy use in most of the regions of the world is 

based in fossil fuels. Continuous demand increase coupled to the fact that these fuels are 

a non-renewable source of energy can destabilize the current energetic system, 

producing serious economic effects in the global markets [4]. Oil, natural gas and coal 

reserves by region are shown in years in figures 5, 6 and 7 respectively; note that these 

graphs are an estimation of the lifespan, in years, of each kind of fuel.  
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Figure 5 - Oil reserves by R/P (Actual reserves/Annual production) [4]

 

 

Figure 6 - Natural gas reserves by R/P (Actual reserves/Annual production) [4] 
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Figure 7 - Coal reserves by R/P (Actual reserves/Annual production) [4] 

 

 

Deeping in the economic evolution of fuel markets, an increasing tendency of price is 

observed in all cases, due to the previously discussed factors. An example of this reality 

is shown in figures 8 and 9, extracted from BP statistics [4], featuring the oil and natural 

gas price evolution during the last 50 years. This tendency is predicted to continue, even 

at a faster growing rate if the actual energy supply model is maintained. 
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Figure 8 - Oil price evolution during the last 50 years [4]

 

Figure 9 - Natural gas price evolution [4] 

 

Another remarkable reality is that fossil fuel production is focused in some particular 

regions around the world, especially in the case of oil, which are relatively small when 

comparing them with the entire world surface. This results in a high dependence 

situation for worldwide consumers, who are largely affected by the political decisions 

made by producing countries or other possible instabilities in the area; such 
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phenomenon was particularly detectable during the global economic crisis befallen in 

the western countries during the seventies [6]. 

 

1.1.1.2 The environmental effect 
Besides the aforementioned economic effect, the current fossil fuel consumption rate 

has notable negative consequences for the environment. Production activities involving 

combustion processes from these fuels have made the global CO2 concentration increase 

significantly. In figure 10 the global CO2 concentration evolution for the last 40 years is 

presented. This graph is based on data obtained by The Office of Oceanic and 

Atmospheric Research (OAR) or "NOAA Research” in Mauna Loa observatory.   

 
Figure 10 - Wold CO2  concentration (ppm) [7] 

 

In figure 10, a smooth curve and long-term trend may be fitted to the representative 

measurements given the existence of sufficient data. Data shown in orange is 

a preliminary estimation of future development.  

In this same trend of research, to study the CO2 during a higher range of time, scientist 

analyzed ice samples from the Antarctica to measure the CO2 concentration present in 

the world thousands of years ago. These investigations have provided better knowledge 

about carbon dioxide production due to natural effects and clarified the effect of human 

activities in the balance.  Figure 11 shows atmospheric CO2 levels over the last 10.000 

years; this chart is a combination of ice core data for CO2 levels previous to 1950 and 

direct measurements from Mauna Loa for recent decades [8].  
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Figure 11 - CO2 levels (ppm) over the past 10,000 years. 

Blue line from Taylor Dome ice cores (NOAA). Green line from Law Dome ice core (CDIAC). Red line from 

direct measurements at Mauna Loa, Hawaii (NOA) [8] 

 

CO2 is a basic chemical compound to ensure the necessary temperature for life in earth 

to develop. However, excessive increases in CO2 concentration can deeply alter the 

global thermal balance and cause remarkable rises in temperature [9]. Figure 12 is a 

representative graph of this temperature rise tendency during the last century. 

 
Figure 12 - Global temperature evolution [10] 

 

From the results of these studies, environmental experts have extracted an important 

conclusion: the atmospheric CO2 balance has changed and consequently the global 

temperature is permanently increasing, producing a phenomenon known as Global 
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Warming [11]. Anyhow, experts remark that progress and energy do not necessarily 

need to be conflicting matters. New efficient technologies allow the reduction of the 

energy use without affecting the continuous global development [12].  

It is in that context that this energy audit is situated; detecting energy flows that can be 

reduced or even avoided and modifying those processes with new technologies in order 

to reduce the total energy use and improve the energy patterns so that the system is 

transformed into a more efficient one. 

 

1.1.2 Vallbacksskolan, Gävle 

The energy audit has been carried out in Vallbacksskolan, an adult education center 

located in Brunnsgatan 46 in the city of Gävle, Sweden. The city is placed in the mid-

east of the country, facing the Baltic Sea, approximately 180 km north from Stockholm. 

The town has around 80.000 inhabitants and was established in the 15th century, 

obtaining its name from the `` Gavleån´´ river that crosses the center. The city has 

suffered its biggest expansion during the last 100 years, mainly due to the industrial 

development of the area; paper mills are the most common factories in the area but 

Gävle also features Gevalia, the most important coffee company of Scandinavia, and a 

successful candy factory called Läkerol [13]. 

As mentioned in the introduction of this report, Vallbacksskolan is a multipurpose 

educational facility that offers a multiple range of activities ranging from language 

courses to physical education. The building was designed by architect Herman 

Holmgren and opened in 1897 as an education center for deaf people. In 1946 the 

facilities began to be used by folkskoleseminariet, which trained teachers, and in 1977 

the local college moved into the house. The Gävleborg County Council took over in 

1995 and housed a nursing school and the art line of Bollnäs folkhögskola there. During 

the last years the facilities have started to be used by SFI, Swedish for immigrants, and 

the Gävle art school [14]. The school is divided in two buildings. The oldest building, a 

5 floor brick construction from the 19th century, is referred to as bulding 1 or hus 1 

throughout this report. The newer 2 floor attachment will therefore be referred to as 

building 2 or hus 2. Regarding the activities carried out in each building, hus 1 hosts 

most of the offices, lecture rooms and conference halls used for the standard courses, 

while hus 2 features the workshops for art education as well as the restaurant, dining 

area and gym. Figure 13 shows the main facades of both buildings. 
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Figure 13 - Main facades of Hus 1 and Hus 2 

 

Both buildings have a hydronic space heating system with radiators spread around the 

rooms and a ventilation system with heat recovery devices. In building 1 there are two 

air-air heat exchangers, while the only heat exchanger in building 2 is air-water-air. 

Thermal energy for space heating, tap water and other needs is obtained from the local 

district heating grid. 

 

1.2 Objectives and limitations 

The goal of this thesis is the performance of a complete energetic assessment in the 

Vallbaccskolan facilities, in Gävle. First, a survey of the actual thermal energy situation 

is to be obtained by establishing the energy balance between inputs and outputs, which 

are comprised of district heating supply, solar gain, internal generation, transmission 

and ventilation heat losses and energy for hot tap water. From the results obtained from 

such analysis, several possible improvements are then to be included in this project in 

order to increase energy efficiency at the building. Such measures are to be both 

technically and economically analyzed in order to give an approximate estimation of 

their effect on both areas. 

In overall, this energy assessment intends to portray the actual thermal energy situation 

in Vallbacksskolan and to provide different options for improving it, therefore creating 

a solid basis of knowledge for further research on the area and for the discussion of 

future refurbishments. 

 

Regarding the limitations, the main factor is that this study is exclusively focused on 

thermal energy, leaving other energy types, such as electricity, aside. Also for this 
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reason, the study of the ventilation system was done from an energy point of view, 

without further analysis of thermal comfort or indoor environment quality. 

The difficulty of studying some of the random phenomena involved, such as internal 

generation or uncontrolled ventilation, has also set a significant barrier to the reachable 

accuracy level. In addition, on site measurements have only been carried out during 

April and May, so the information provided by them is corresponding only to the warm 

season and has had to be extrapolated for the whole year.  

Finally, the analysis of the different efficiency improvements has been performed from 

an approximate perspective, as deeper studies would lie beyond the reach of this project; 

they are presented exclusively as an estimation of the potential effect they would imply.  

For more limitations and problems faced during the performance of this research, please 

refer to the discussion chapter, strengths and weaknesses section. 

 

1.3 Value of the research 

As previously mentioned, the main motivation for this thesis work was the imminent 

refurbishment process to be carried out at Vallbacksskolan. When planning such 

renovation several factors were taken into account, including the actual energetic 

situation that was previously pointed out in the background section. Such reflection 

reached the conclusion that an energy assessment was required for the site, and the 

subject was proposed to the researchers for their master thesis project. 

Regarding the technical benefits of performing this research, it must be pointed out that 

no previous studies of this nature had been carried out at the Vallbacksskolan facilities, 

so this energy audit will provide a first approach to the matter and create an initial basis 

of knowledge in the area. 

In the economic aspects, this thesis work will provide several efficiency measures that 

can eventually help reduce the annual expense in energy at the building. 

Finally, as far as social benefits are concerned, both the study of the actual state and the 

proposal of improvement measures will help in the process of transforming 

Vallbacksskolan into an environmentally sustainable construction, therefore promoting 

the conversion of the whole city to an urban area that is more respectful towards the 

surrounding environment. 
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2 THEORY 
This section presents the main theories and approaches that have been used during the 

completion of this thesis project; both the concepts and the corresponding mathematical 

expressions are shown below. Note that this section only deals with the general 

theoretical basis followed in this research; a deeper analysis of the individual calculation 

procedures followed in each different area can be found in the method section. 

 

2.1 Energy balance  

An energy balance is the study of the energetic situation of a building by analyzing the 

energy inputs and outputs, providing a general understanding of the processes and 

systems that result in a certain indoor climate, and determinate the overall energy usage 

of the building. 

Physically, the energy balance is an equality condition between inputs, flows either 

entering the building or generated inside it, and outputs, terms that represent the use of 

energy and the losses to the outside. The main parameters that affect this balance and 

therefore determine the indoor climate are: outside temperature, construction materials 

of walls, roofs and windows, characteristics of the ventilation system, indoor activity, 

presence of equipment and the features of the space heating [15]. 

 

The first step for establishing an energy balance is to define the system boundaries in 

order to obtain a control volume. This boundary of the studied region is called the 

envelope. When analyzing a building, it is widely recommended to set the envelope at 

the outer surface of walls and roofs.  

As a second step, it is needed to establish all the mechanisms by which energy can enter 

(heat gains) or abandon (heat losses) the envelope, together with establishing the 

internal heat sources. Once all those terms have been univocally defined, it is possible 

to write the energy balance equation [16]. 

For the case under study the equation is expressed as: 

 

��� +	����		�
� +	�
��		�
� +	���	���	����� =	��
� +	��������
 +	���������	�����
�		(Eq.1) 

 

where: Qtr : transmission losses [Wh] 

  Qmec vent: mechanical ventilation heat losses [Wh]  



Energy audit at Vallbacksskolan for possible future refurbishment 
 

14 
 

Qnat vent: natural ventilation heat losses [Wh]  

Qhot tap water: heat needed to heat hot tap water [Wh] 

Qint: internal heat generation due to heat sources like equipment and 

people [Wh]  

Qradiation: heat due to solar radiation through the windows [Wh]  

Qdistrict heating: District heating purchase from the grid [Wh] 

 

Figure 14 illustrates the energy balance and the terms that for the equation. 

 
Figure 14 - Energy balance 

 

2.2 Terms of the Energy Balance equation 

2.2.1 Transmission losses  

Transmission losses, Qtr, represent the heat flow by transmission phenomena through 

solid materials across the building envelope due to the existence of a temperature 

difference between indoors and outdoors. Several different transmission losses have to 

be considered: through walls, windows, doors, roof and floor. 

This heat transfer is an energy flow due to conduction, convection and radiation 

phenomena. The convection mechanism is the heat transport process generated by the 

flows of fluids [17]. Thermal radiation is the energy emitted as electromagnetic 
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radiation by matter due to its absolute temperature without need a material media for its 

propagation [18]. 

Conduction represents the transfer of heat energy by means of diffusion and particle 

collision in the microscopic scale within a body due to a temperature gradient. Complex 

physic mechanisms like molecular collision, vibration and electromagnetic radiation are 

responsible of this transmission.  Conduction takes place in all forms of material, from 

gas to solid, but it is of particular relevance for solid state bodies (similar as convection 

transfer is the main mean for gases and liquids). Similar to what happens for thermal 

radiation, heat spontaneously flows from a body at a higher temperature to a body at a 

lower temperature, leading to thermal equilibrium if there are no additional drivers in 

the process. The main difference between conduction and radiation is that the first one 

occurs through the body itself, whereas for radiation the transfer happens between 

bodies [18].  

Transmission is a heat transfer mode that features all three different mechanisms, even 

though some of them are usually neglected for simplified calculations. Adopted 

simplifications will be thoroughly discussed in the method section. Transmission losses 

can be generally expressed by the following expression, 

��� =	∑�� ∗ 	�� ∗ ���
 − ���� = 	��� ∗ ���
 −	����                         (Eq.2) 

   

where: Ptr = Power lost by transmission (W) 

Ui = U value, transmission coefficient for the different surfaces (W/m2 K)  

Ai = Area of each surface (m2)  

Tin = Indoor temperature (K)  

Tout = Outdoor temperature (K)  

Ktr = Σ Ui*Ai, heat transmission coefficient expressed in W/K. It 

represents the total heat transfer depending on the temperature difference 

(W/K) 

 

The transmission coefficient for each surface, Ui or U-value, is an overall coefficient 

that defines how well a certain element coducts heat. It is the inverse of the insulation 

coefficient of the element, also known as R-value; therefore, a higher Ui implies that a 

certain material provides worse insulation. The U-value for a building element of a 

certain thickness can be obtained from the following equation [19], 
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�� =	  !" =
#$ "
∆& =	 '"("                                                          (Eq.3) 

  

where:  )� = R-value, insulation coefficient for the different surfaces (m2 ºC/W)  

�$ �	= Heat flow density through the material (W/m2)  

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

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

 +� = Thickness of the material (m) 

 

Note that *� is a characteristic property of the material, only dependent on its 

composition, while the U-value depends both on the material and the dimensions. Two 

material layers of different thicknesses have the same thermal conductivity but different 

U-values [19]. 

To calculate the annual energy losses due to transmission the following formula is used 

��� =	∑�	�� ∗ 	��� ∗ 	,������ =	��� ∗ 	,������                                      (Eq.4) 

 

where  Qtr = Annual energy loss by transmission (Wh) 

qdegree = Annual degree-hour value, obtained from the corresponding table 

in appendix III(ºh) 

 

The last term of the equation, qdegree stands for degree-hours (ºh) and is a method for 

estimating energy requirements throughout the year, which is based on a combination of 

theory and empirical observations that result in duration diagram of each location. Such 

diagram provides different degree hour values depending on the average indoor and 

outdoor temperatures in the site studied.  

 

2.2.2 Mechanical ventilation losses  

Qmec vent stands for the heat losses inevitably connected to the presence of mechanical 

ventilation systems in buildings. Ventilation of indoor spaces is essential for air 

renovation and the removal of contaminants generated indoors; these systems guarantee 

a proper indoor environment that ensures the healthy and comfortable development of 

activities indoors. However, that implies evacuating air that has already been heated 

from the room (either before entering it or by the space heating system) and therefore 

results in what is referred to as mechanical ventilation heat losses. 
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A proper indoor environment can be obtained either by natural or mechanical 

ventilation. The major positive features of mechanical ventilation are that it can provide 

a more steady air flow than natural ventilation, with potentially better air quality. The 

main disadvantages arise from the economic cost and need for reliability of mechanical 

equipment and ductwork systems, the use of electricity required to drive the fans and 

from the need of maintenance for the system after a period of working time. The 

simplest configuration of mechanical ventilation is mechanical extract, which features 

fans only for the exhaust ducting, but several other configurations are possible [20].  

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

 

����		�
� =	-. ∗ 	/ ∗ 	0� ∗ 	∆�                                        (Eq.5) 

 

where:   ����		�
�	= Thermal power transferred (W) 

ρ  = Air density (Kg/m3) 

-.	= Air flow (m3/s) 

pC  = Specific coefficient of heat for air (J/kg K) 

T∆ = Temperature difference between exhaust and outdoor air (K or ºC) 

 

Formula 5 can be rewritten by introducing the concept of the coefficient for ventilation 

heat, expressed as �	 =	-. ∗ 	/ ∗ 	0� , resulting in: 

��� =	�	 ∗ 	∆�                                                       (Eq.6) 

 

As explained in formula 4, this research features heat transfer calculations carried out 

for the whole by using duration diagrams. Therefore, the term T∆  is replaced by qdegree 

in order to obtain the annual energy demand of the facility in Wh; this is the resulting 

formula, 

����		�
� =	�	 ∗ 	,������                                        (Eq.7) 

 

where: Kv: coefficient for ventilation heat (W/K) 

 

This energy loss can be reduced by using a heat recovery system. The recovery 

efficiency depends on the type of heat exchanger or, in other words, the flow directions, 

the size of the heat exchanging surfaces and the heat transferring properties of the 

surfaces.  
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A technical sketch of a heat exchanger is shown in figure 15. Heat recovery systems 

transfer part of the waste heat in the exhaust flow to incoming fresh air in the heat 

exchanger unit. The incoming air goes through the heat exchanger and suffers a 

temperature rise; this temperature is afterwards increased to the desired one, if 

necessary, using an additional heater.  

 

 
Figure 15 - Heat recovery ventilation system [1] 

 

Heat exchangers are first classified according to the flow directions. The most efficient 

types are the counter flow exchanger, where the direction of the flow of one of the 

working fluids is opposite to the direction of the flow of the other fluid, and the rotary 

one [21]. The temperature diagram for counter flow heat exchangers is shown in figure 

16.  

 
Figure 16 - Temperature evolution in a counter flow heat exchanger [22] 
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The temperature efficiency of the device is calculated by formula 8, 

1 = ��2 	− 	� �/��4 	−	� �                                                          (Eq.8) 

 

Temperatures in the heat exchanger used in formula 8 are presented in figure 16. 

 
Figure 17 - Heat exchanger scheme 

where: T1 = Temperature of supply air before the heat exchanger [ºC] 

  T2 = Temperature of supply air after the heat exchanger [ºC] 

T3 = Temperature of exhaust air from the building before heat exchanger 

[ºC] 

T4 = Temperature of exhaust air after the heat exchanger [ºC] 

 

If the ventilation system under study features a heat exchanger it is necessary to 

recalculate the heat losses taking the fraction of energy that can be recovered from the 

exhaust into account. Formula 9 is the mathematical expression of the heat losses 

introducing the efficiency of the heat exchanger. 

����		�
� =	-. ∗ 	/ ∗ 	0� ∗ ���
 −	���� ∗ �1 − 	1� = 	�		���	��6 ∗ ���
 −	����  (Eq.9) 

 

where: η  = Efficiency of the heat exchanger 

K v recovery = -. ∗ 	/ ∗ 	0�*  (1- η) = Heat transfer coefficient of the 

ventilation system (W/K) 

 

Applying the same condition as for formula 4, the temperature difference is replaced by 

qdegree to calculate the energy demand of the whole year, 

����		�
� =	�		���	��6 ∗ 	,������                                      (Eq.10) 

 

There are several heat exchangers in Vallbacksskolan, two in building 1 and another one 

in building 2; the first ones are rotary air –air type, while the one for the newer building 

is an air-water-air exchanger. 

Rotary heat exchangers feature rotating heat accumulators. These accumulators are a 

formed of air-permeable storage mass like shown in Figure 18.  
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Figure 18 - Storage mass in rotary heat exchanger [23] 

Air temperature distribution for this type of exchanger varies depending on the location 

of the wheel. A sketch of the air flow through the wheel is presented in figure 19. 

 

 
Figure 19 - Rotary heat exchanger scheme [23] 

Depending on the air conditions and the surface of the accumulator material, moisture 

may also be transferred in the process. Supply air and extract air must therefore be 

combined and flow through the heat exchanger at the same time. 

A remarkable feature of rotary heat exchangers is the control over the humidity level. 

Depending on the air conditions and the surface of the accumulator material, moisture 

may also be transferred in the process. Heat transfer is therefore coupled with a 

humidity transmission between both streams. Occupants of the building can appreciate 

that the moisture level is kept at an acceptable value even in winter, when ventilation 

can present an important reduction of relative humidity in the room. The reduction of 

humidity under the advised levels can produce problems in the respiratory tracts and 

raise the risk of occupants feeling sick. 

 

On the other hand, the heat exchanger in building 2 is air-water-air plate type. This is a 

static exchanger where water is used for indirectly transferring heat from the hot stream 

to the cold one. The air-water-air heat exchanger is technically the mix of two energy 

transfers: first air-water and then water-air. Air flows into the heat exchanger axially via 
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the entrance air pipe. After being pressed against a wall at the far end of the device, air 

flows freely between a number of layers of surface-maximizing copper loops in which 

water circulates [24]. An air-water-air heat exchanger is shown in figure 20.  

 

 
Figure 20 - Air-water/water-air heat exchanger [24] 

 

As mentioned above, there are two different heat transmissions. In the first step heat is 

absorbed by water from the hot stream and then heat from the water is dissipated into 

the surrounding environment air, increasing its temperature. 

 

An appropriate design allows practically any heat recovery efficiency to be reached. 

The ``correct´´ heat recovery efficiency depends on the applicable ventilation 

regulations and the economic balance: operating data such as energy price, service life, 

operation time, temperatures, maintenance requirements, interest etc. It is important that 

values optimum operation values calculated during the design are also precisely 

implemented in the real equipment. Even minor changes, such as a higher pressure drop 

for example, can lead to significantly poorer results and a longer amortization period. 

 

2.2.3 Natural ventilation  

Qnat vent are of the same nature as the ones analyzed in the previous section; the only 

difference is that the infiltration or exfiltration of air happens uncontrollably through 

natural means like window openings, leakages and small cracks in the building 

envelope.  

Air flows around, within or through the building envelope have an influence on the 

ventilation rate of the building and, therefore, affect the heat balance. Natural 

ventilation losses refer to infiltration through walls and roof, but also to ventilation due 

to open windows and doors. Even if both phenomena are different, they are both highly 
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random and share a common driving force: the pressure difference between outdoor and 

indoor.  

This difference can be caused by wind pressure and/or the stack effect. Wind pressure is 

created due to the speed of air flows surrounding the building, which produce a pressure 

distribution on the building envelope [19]. Example of that is shown in figure 21.  

 
Figure 21 - Pressure distribution on the building envelope [24] 

 

On the other hand, stack pressure is generated by density differences between indoor 

and outdoor air, which are caused by the existing temperature difference. This produces 

an imbalance in the weight of air columns which results in a vertical pressure 

difference. It causes a negative pressure difference on the top of the building envelope, 

resulting in air being sucked out from the enclosure. Furthermore, it produces a positive 

difference at the lowest area of the building walls, where air is consequently pressed 

into the envelope. The height where air pressure is equal both on the exterior and the 

interior of the building is called the neutral pressure plane [19]. Figure 22 shows vertical 

pressure difference. 
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Figure 22 - Stack pressure difference on the two sides of a wall [19] 

 

 

Pressure due to the stack effect is calculated using the following formula [19], 

∆7 � 8 ∗ �/� �	/�� ∗ 9                                                   (Eq.11) 

 

where: ∆P = Pressure difference (Pa) 

z = Vertical distance from the natural pressure plane (m) 

ρe = Outdoor air density (kg/m3) 

ρi = Indoor air density (kg/m3) 

g = Acceleration of gravity (m/s2) 

 

This formula can also be expressed as follows using temperatures and the general gas 

law, 

∆7 � 8 ∗ 3456 ∗ ���> �	��> �                                         (Eq.12) 

 

where:  ∆P = Pressure difference (Pa) 

z = Vertical distance from the natural pressure plane (m) 

Te = Interior temperature (K) 

Ti = Exterior temperature (K) 

 

As mentioned above, infiltration is an air transfer through the building envelope. Air 

can flow through porous building materials; if a permeable surface is subjected to 

pressure differences, air will go through it.  The infiltration flow depends on the area, 

permeability and thickness of materials, viscosity of air and the existing pressure 

difference. The following formula is the mathematical expression used to calculate the 

infiltration flow [19], 
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)� � � ∗ �* ∗ 	∆7�/�? ∗ @�                                          (Eq.13) 

 

where:  Ra = Air flow (m3/s) 

A = Area (m2) 

k = Permeability of the material (m2)  

∆p = Pressure difference (Pa) 

µ = Dynamic viscosity of air (N s m-2) 

d = Material thickness (m) 

 

Once the air flow due to infiltration is determined, heat losses are calculated the same 

way as mechanical ventilation heat losses. Formula 14 shows this calculation, 

��
. = 	/ ∗	)� ∗ 	0� ∗ 	∆�                                           (Eq.14) 

 

where: ��
.	= Thermal power transferred (W) 

ρ  = Air density (Kg/m3) 

aR = Air flow (m3/s) 

pC = Specific coefficient of heat (J/kg K) 

T∆ = Temperature difference between indoors and outdoors (K)  

 

Formula 14 can be modified in order to calculate the annual thermal losses due to 

infiltration by introducing the qdegree term; formula 15 shows the calculation of these 

losses. 

��
. = 	/ ∗	)� ∗ 	0� ∗ 	,������                                     (Eq.15) 

 

where:  ��
. = Annual heat losses due to infiltration (Wh) 

qdegree = Annual degree-hour value, obtained from appendix III (ºh) 

 

Ventilation trough doors and windows is a highly random mechanism that generates 

uncontrollable leakages. The lack of significant data makes it impossible to develop 

calculations with an acceptable range of accuracy for this area. Carrying out complex 

experimental measurements through a long time span is the only way of quantifying 

them.  
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2.2.4 Hot tap water  

The necessity of heating tap water for its use in the facilities, Qhot tap water, represents the 

last energy output source accounted in the energy balance. Similar to what happens for 

other public buildings, hot tap water is required in the facilities for various uses such as 

showers or kitchen duty.  

In addition to space heating and other purposes, district heating is also used for these 

energy requirements. Such transfer is performed via high efficiency heat exchangers, as 

both water flows must not be mixed; tap water is directly purchased from the 

corresponding supplier, who does not take part in the temperature rise [26]. There are 

several possible settings for this system, but figure 23 shows the simplest way of 

handling it. 

 
Figure 23 - Heat exchange from district heating to hot tap water [26] 

 

Heat used for tap water is quantified by the following formula [1], 

���	���	����� �	A��	���	����� ∗ 	0�	����� ∗ ��B � ���              (Eq.16) 

 

where:  Qhot tap water = Annual energy use for hot tap water (Wh/year) 

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

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

Ts = Supply temperature [ºC].  

Ti = Temperature of incoming water [ºC] 
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2.2.5 District heating 

The first and most significant energy input in Vallbacksskolan is Qdistrict heating, the 

thermal energy purchased by the school from the local district heating grid. Such energy 

is directly used mainly for space heating purposes and heating hot tap water. 

District heating is a thermal energy generation and distribution system that is widely 

used in Central and Nordic Europe for covering the supply in towns and cities. The 

system is currently also gaining popularity in other areas of the world given its 

economic and environmental advantages. In these grids, thermal energy is generated in 

a centralized location and then distributed to residential and commercial sites for its use. 

Some of the most common sources of heat for DH grids are: 

• Cogeneration plants using fossil fuels 

• Cogeneration plants using renewables, such as biomass 

• Boilers using fossil fuels or biomass 

• Residual heat from nuclear power stations 

• Industrial waste heat 

Such sources are one of the main positive features of this heat distribution system, as in 

many cases (cogeneration, nuclear or industrial waste) it takes advantage of thermal 

energy that would otherwise be wasted by direct cooling to a refrigerant medium 

without exploiting its potential. This implies both an economic saving and a prevention 

of additional CO2 emissions when generating thermal energy [27]. 

 

The distribution of the energy is carried out by a complex insulated pipe grid usually 

carrying water, even though steam is sometimes used when industrial processes are 

included among the consumers. The grid is formed by a high temperature feed line and 

a low temperature return line, to which each customer is connected and extracts heat 

from. Figure 24 shows a simple district heating scheme. 
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Figure 24 - Simple district heating grid [27] 

 

Annual heat losses in such distribution grid are usually around 10%, depending on the 

insulation quality. The distribution fluid is never mixed with the local water net of each 

consumer, and the heat transfer is carried out via high efficiency heat exchangers. The 

usual feed temperatures are over 90º C and return ones are usually designed below 50º 

C, even though there is a growing trend of designing low temperature DH grids that 

operate between 60º C and 25º C. Customers are encouraged to ensure the low return 

temperature, as not doing so would imply a decrease in the system efficiency both in the 

distribution stage (higher thermal losses) and the generation (less temperature drop 

available for extracting waste heat from the processes). 

 

Usually district heating grids are designed to cover the needs of a metropolitan area or 

community, featuring a certain number of main and auxiliary heat generators and the 

corresponding grid. However, bigger urban areas can require more than one separate 

grid to cover their whole area in order to avoid a too complex distribution system, and 

simple DH grids can also be designed to cover the needs of only a limited number of 

customers [29]. 

 

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 [29], 

���������	�����
� �	A����� ∗ 	0�	����� ∗ ��.��� − ������
�          (Eq.17) 

 

where: Qdistrict heating = Annual energy purchased from the grid (Wh/year) 

Mwater = ρ (density) * V (annual volume) = Annual mass of water (kg/year) 
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 Cpwater = Specific heat of water (Wh/kg º C) 

 Tfeed = Feed temperature of the district heating grid (º C) 

 Treturn = Return temperature of the district heating grid (º C) 

 

2.2.6 Solar radiation  

The second input is due to solar radiation, Qradiation; one of the main thermal energy 

inputs to any kind of building is the solar radiation through the windows and glazing 

[19].   

When the electromagnetic radiation emitted towards the earth by the sun reaches a 

window, part of it is directly transmitted inside the room via transmission phenomena. 

Such percentage is quantified by the transmittance (τ) of the window, usually rated from 

0 to 1. The remaining energy is either absorbed by the glass or reflected back. Those 

mechanisms are characterized by the reflectivity (ρ) and absorptivity (α) of the window.  

From the radiation absorbed by the glass, about 30% is transmitted as convective heat to 

the room while the rest is reemitted outwards. These values depend on the number of 

panes the window has, the separation between them and the properties of the gas filling 

the gap [18]. An overall view of this phenomenon is shown in figure 25. 

 

 
Figure 25 - Solar radiation through a window [18] 

 

Solar irradiance, the power of electromagnetic radiation per unit area coming from the 

sun and incident on a surface, is not constant either in space or in time. Solar rays affect 

the different latitudes from different angles and, therefore, their effect is dependent on 
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the geographical location of the place studied. Related to this phenomenon, the effect of 

sunlight is not the same during the different seasons of the year, as the relative positions 

of the sun in relation to the place in study is constantly varying through the year. 

Furthermore, irradiance on a surface during a certain amount of time is highly related to 

such surfaces orientation, as that will highly condition the portion of direct and indirect 

radiation effectively reaching such surface. The presence of shading or other kind of 

devices that can alter the amount of radiation affecting such surface must also be 

accounted in any kind of calculus.  

Finally, cloudiness represents another important factor for the quantification of solar 

radiation as it affects the direct and indirect radiation that effectively reaches ground 

level. This factor is dependent on climatic issues, so it needs to be analyzed 

consequently [18]. 

Having all those factors into account, the following formulas were used for calculating 

the heat entering the building from solar radiation, 

��������
 �	C��������
	 

��������
 �	C��
�� 

��
�� �	∑�D�
�� ∗ �. ∗ ����E� ∗ 0F.                   (Eqs.18) 

 

where: ��������
 = Total annual heat input coming from solar radiation (Wh) 

 ��������
 = Total annual heat input for each facade orientation (Wh) 

 ��
�� = Monthly heat input for each facade orientation (Wh) 

 D�
�� = Monthly solar insolation for each window type (Wh/m2) 

 �. = Calculation factor for each window type (no units) 

 ����E = Total area for each window type (m2) 

 0F. = Cloudiness factor for each month (no units) 

 

2.2.7 Internal generation  

When establishing the energy balance for a building, the internal heat generation is one 

of the main sources of what is known as free heating, as well as the previously analyzed 

solar radiation through the windows. The term refers to all inputs of thermal energy that 

enter the building but are not purchased from an energy company or have an economic 

cost of any kind. When designing building in hot climate countries, such sources are 
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generally accounted as negative, as they shall be taken into account when designing the 

ventilation and cooling systems and generally represent an increment of the heat surplus 

that needs to be erased by them, resulting in the necessity of bigger and more expensive 

HVAC (Heat, Ventilation and Air Conditioning) units. However, in cold climate 

countries were heat surplus is not generally a big concern and the main focus in building 

planning comes from the heating system design, free heating is usually understood as a 

beneficial phenomenon as it reduces the space heating needs. Note that this does not 

imply that free heating has no effect on the heat surplus during the warmest months of 

the year in such countries; the reality is that, even if they increase the cooling needs, 

investments on HVAC systems for cooling are not too critical in such countries, as the 

necessity for them only occurs during a short season [29]. 

Inside internal generation, different heat sources have been studied: 

• Human generation: As a result of the metabolism, the human body 

continuously emits thermal energy to its surroundings, both in the form of latent 

and sensible heat. `` In high-density spaces, such as auditoriums, these sensible 

and latent heat gains comprise a large fraction of the total load. Even for short 

term occupancy, the extra sensible heat and moisture introduced by people may 

be significant´´ [29]. 

Such emission is mainly dependent on the metabolic rate of the individual or, in 

other words, the level of activity. For example, a person working in an office 

while seating down will have a lower heat generation rate than someone 

working out at a gym [30].  

• Equipment: Every kind of equipment emits heat to its surroundings to a certain 

extent; that energy amount is, however, highly variable depending on the type of 

device studied. For example, from the electrical power reaching a lamp, only a 

percentage is transformed effectively and radiated as visible light, depending on 

the efficiency of the device. The remaining energy is emitted to the surroundings 

as heat, and shall therefore be accounted for when calculating the internal 

generation [30]. 
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2.3 Solar collectors 

One of the efficiency measures analyzed in this research project features the installation 

of a solar collector system for covering hot tap water requirements. Therefore, a brief 

theoretical introduction on the field is now made. 

 

A solar collector is a device designed to collect heat by absorbing sunlight. Collectors 

are often confused with photovoltaic solar panels, but they are completely different 

technologies. Even if both take advantage of the electromagnetic radiation coming from 

the sun, the function of a solar collector is to capture such energy in the form of heat 

stored by a fluid that runs through the device, while photovoltaic cells transform that 

solar energy into electricity.  

The amount of solar power that reaches the atmosphere surface is 1367 W/m2, value is 

known as the solar constant. Part of that incident radiation is reflected or absorbed by 

the high atmosphere layers.  

However, under a clear sky solar radiation at ground level can still rise to 1000 W/m2. 

Nevertheless, the amount of energy received depends on the geographical location, the 

time and the weather conditions; for example, countries near the equator have the 

highest average irradiance [31]. The basic equation of solar collectors is the following 

� � 	1G ∗ D − � ∗	∆�                                        (Eq.19) 

 
 

where: P = Power obtained in the collector (W/m2) 

η0 = Optical efficiency, which accounts for reflection and the absorption 

capability of the collector material (no units) 

 I = Solar intensity (W/m2) 

 U = U-value (W/m2º C) 

∆T = Temperature difference between the working fluid and the ambient 

(º C) 

 

Note that this expression calculates the power but this thesis work in constantly dealing 

with annual energy; in order to transform the expression into annual energy, solar 

radiation and average temperature data is required for the location selected. Such 

transformation results in the following formula, 

H = �1I ∗ 	 D�	� − � ∗	∆��	�� ∗ 	ℎ�	�                      (Eq.20) 
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where: E = Annual energy (Wh/m2) 

 Iavg = Average solar intensity during solar period (W/m2) 

 ∆Tavg = Average temperature difference during solar period (º C) 

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

and temperature difference (hours/year) 

 

Solar collectors can be used as a direct water heating system, to deliver thermal energy 

for  tap water or space heating , or at electrical plants where the energy stored by the 

working fluid is transformed to mechanical energy in a turbine and finally to electricity 

in generator. In this thesis, solar collectors are only approached from the direct water 

heating system point of view. The common types of solar collectors for such use are the 

flat plate collectors and evacuated collectors [32]. 

 
Flat plate solar collectors use a flat absorber plate to convert the electromagnetic energy 

of solar radiation to heat. To reduce heat losses to the ambient, the absorber is usually 

separated from the outside by a ``window´´ that allows transmittance of solar radiation 

to the plate but prevents heat losses from there to the ambient. This is usually 

accomplished by using one or more panes of glass or plastic that is transparent to 

radiation in the solar (shortwave) spectrum. These panes are mounted parallel to the 

absorber, with narrow air gaps between them. The back and sides of the collector plate 

are insulated by conventional opaque insulation. Collected heat is taken from the 

absorber by a working fluid, usually water or a mix with glycol to prevent the pipes 

from freezing in winter. The maximum operation temperature of such liquid is around 

65ºC in this collector type [32]. Figure 26 shows the sketch of a flat plate collector.  
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Figure 26 - Flat plate solar collector [33] 

 

On the other hand, evacuated solar collectors essentially consist on two glass tubes that 

are fused at the top and bottom.  The inner tube has a solar absorbing coating and the 

space between the two cylinders is evacuated to form a vacuum chamber; the reason for 

this is that heat losses are significantly reduced because convection and conduction 

losses are avoided. In this type of collectors it is possible to operate with higher 

temperatures than in plate collectors, even up to 120º C [32]. The setback of this kind of 

device in comparison with the flat one is the higher cost of the materials used as well as 

the complex technical process followed to generate the vacuum chamber, which make 

this type significantly more expensive [32]. Figure 27 is the sketch of an evacuated solar 

collector. 

 
Figure 27 - Evacuated solar collector [33] 

 

In addition to solar collectors, solar heating systems require the installation of other 

devices like tanks, ducts, valves and pumps. Focusing on the tank, it is used to store the 

thermal energy transferred by the working fluid of the solar collector. The volume of the 
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tanks has to be designed according with the hot water needs of the building. This 

thermal storage can be independent from the collectors but may also be part of them, 

such as in rooftop tanks with thermosyphon systems like the one shown in figure 28. 

 

 
Figure 28 - Thermal storage joined with flat collector [34] 

 

2.4 Annuity of an investment  

Once the technical calculations for an efficiency improvement are done, it is necessary 

to provide an economic assessment of the investment such improvement will imply. The 

total investment, calculated by adding the individual costs of all the required 

components, is usually funded via a bank loan. The annuity rate calculation for such 

loans is shown in formula 21 [27], 

K � 	 �2+	
 

                                                        (Eq.21) 

 

where:  a=Annuity rate (0-1) 

  i =interest rate (0-1) 

  n=Number of bank loan years 

 

Via formula 22, this annuity rate is used to calculate the annuity that must be paid to the 

financial institution every year, 

� � K ∗ D                                                        (Eq.22) 

 

where:  A= Annuity (SEK/year) 

  a= Annuity rate 

  I =Total investment (SEK) 
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If such annuity is lower than the expected annual savings provided by the efficiency 

measure, the investment is judged as profitable. Another way of evaluating the 

profitability, used in the case of changes in energy carriers, is calculating the energy 

cost for the new source and comparing it with the price for the original carrier; the 

lowest energy price shows the most profitable option. Using the annuity calculated via 

the previous equations, the energy cost is calculated as [27], 

0 �	� HL                                                         (Eq.23) 

 

where:  A  = Annuity (SEK/year) 

  E = Annual energy delivered by the new carrier (KWh/year)  
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3 METHOD 
This section of the report deals with the different specific methodologies used for the 

calculation of the terms that form the energy balance and other areas. A full description 

of the work performed by the researchers is presented together with a briefing on the 

mathematical expressions used and several simplifications or concepts that needed to be 

accounted.  

3.1 Modular approach 

The energy survey featured in this thesis project has been performed following a 

modular approach. This means that the different energy flows in Vallbacksskolan have 

first been separated into inputs and outputs according to the energy balance equation 

presented in the theory, and they have later been distributed in independent modules for 

their particular calculation. Each module features its own calculation methods, which 

will later be presented in this same chapter, that have been established depending on the 

available input data. Therefore, these groups are independent from one another as far as 

methodology is concerned but they do not always imply a physical difference in the 

energy transfer mechanisms. For example, inside the transmission loss, which is one of 

the terms represented in the energy balance, this research has set two different modules 

(one for walls, roof and floor and another one for windows and doors) that have been 

calculated with different procedures given the disparity in the input data available for 

them. Their calculation and results are presented separately but they are still both part of 

the same heat transfer mechanism, transmission. Figure 29 presents the module 

distribution for the energy survey in order to clarify the differences with the energy 

balance terms, shown in figure 14 in the theory. 
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Figure 29 - Modular approach 

3.2 Energy survey 

The detailed calculation methods for the calculation of each module are now presented. 

 

3.2.1 Transmission through walls, roof and floor 

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

radiation. However, when carrying out practical calculations some simplifications are 

widely accepted [19]. 

Transmission calculations for walls and floors only feature conduction and convection 

in this research, as the radiation for this surfaces is negligible. According to formula 3 

of the theory chapter, information about the characteristics of buildings is needed to 

calculate transmission losses: transmission areas, material features and thickness of the 

different layers. Areas were calculated from building drawings delivered by 

Gavlefastigheter (appendix I). The perimeter was calculated for each floor of each 

building and, knowing the height for each floor, the total heat transmission facade area 

was obtained. Finally, the total window area was subtracted in order to obtain the area 

exclusively corresponding to the walls. In addition to these calculations, the floor area 

in the basement and the flat-roof area were also calculated as they would be later 

needed. 
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Once the area was obtained, the composition of the walls needed to be analyzed. 

However, precise data for the building materials and composition of the different 

components was impossible to obtain. Therefore, experimental U-values provided by 

the technical supervisor of the project had to be used. These values are shown in table 1. 

Table 1 - U-values for walls, roof and floor 

 

The degree hour (qdegree) value was obtained by entering the correspondent duration 

diagram chart, which can be found in appendix III, with the mean annual outdoor 

temperature for Gävle, 5º, and the average indoor temperature of 20,5º. 

Degree hours = 124300,00 ºh 

Finally, the transmission losses through walls were calculated via the following 

equation set, already explained in the theory section. 

��� �	C�	�� ∗ 	��� ∗ 	,������ =	��� ∗ 	,������ 
The methodology followed for calculating the roof is exactly the same, but in this case 

the effect of radiation needed to be accounted due to radiant cooling phenomena. To 

quantify the radiation heat losses, the heat transfer calculated via the previous method 

was increased by 15%. This increase represents an experimental coefficient that was 

advised by the technical supervisor of the thesis given his experience on the field. 

In addition, due the impossibility of measuring the slope of roofs in building 1 with 

sufficient accuracy, it was assumed that the heat exchange is through the flat area of the 

top floor. In the case of building 2, drawings representing the roof inclination angles 

were available (appendix I), so for it was possible to obtain the real roof area. 

For the heat losses in the basement of hus 1, they were divided in two parts; losses 

through the floor area and though the perimeter walls. Transmission through walls was 

considered equivalent to the previously analyzed flow to the outdoor ambient, while 

losses through the floor are directly to the ground, which was assumed to have a 

constant temperature of 5ºC during the whole year following recommendations from the 

Building component U-value (W/M
2
K)

Walls 0,7

Roof                   0,4

Floor                   0,5
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technical supervisor of the project, based on his experience. Figure 30 presents these 

transmission losses. 

 

Figure 30 - Heat transmission in the basement, building 1 

For the calculation of losses through the floor of building 2, following the indications of 

the technical supervisor, the heat transferred was divided in two parts. The first one, 

which features the central part of the floor, ends directly in the ground that is in the 

previously explained conditions. The other one, corresponding to the surrounding area 

located one meter from the perimeter, goes through the ground and is finally released to 

the ambient, so it was calculated as direct losses to the outside. Figure 31 represents the 

calculation model for heat losses through the floor of hus 2 [18].  
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Figure 31 - Floor Heat transmission, building 2 

 

Full calculations and results for this section can be found in the Excel files attached to 

the document. 

3.2.2 Transmission through windows and doors 

Similar to the methodology used for heat transfer of this nature through walls and 

ceilings, the transmission energy losses through doors, windows and other glazing in the 

building have been calculated using the following formula, 

��&�	 �	∑�� ∗ �� ∗ ºℎ                                       (Eq.24) 

 

where: ��&�		= Total annual transmission losses through windows and doors 

(Wh) 

 �� = U-value for each of the different window or door types (W/m2K) 

�� = Total area for every type of window or door (m2), calculated as the 

unitary area multiplied by the amount of windows/doors, 

�� =	��
��,� ∗ P�
���,�     (Eq.25) 

 

ºh = Annual degree-hour value, obtained from appendix I  
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As no drawings or technical information was available on this area, on-site 

measurements had to be carried out by the researchers. First, a complete set of 

photographs of the building was taken; these pictures were used to classify and quantify 

the units according to their different geometries. After the classification, the significant 

dimensions were measured for each type of window and door, enabling the calculation 

of their areas. These dimensions can be found in appendix I, along with the unit areas.  

Regarding the U-value, visual analysis of each window type leaded to their 

classification according to glazing and material types, as can be seen in table 2: 

Table 2 - U-values for Vallbacksskolan windows 

Glazing type Window types Assigned U-value 
(W/m2K) 

3-pane 12 mm, argon filled New 1,2,3 and 9 1,8 
Aluminium, 2-pane 12 
mm, low-ε=0,1 

New 4,5,6,7,10,11 and 12 
Old 14 

2,6 

Wood, 2-pane 12 mm,  
air filled 

All old building windows 
except types 10 and 12 

2,8 

Wood, 1-pane Old 10 and 12 4,8 
 

The assigned U-value for the 3-pane windows was obtained directly from the 

manufacturer´s catalogue [35] as the researchers were able to identify such units as 

``Emmaboda Climalit 12´´. Such precise identification was not possible for the 

remaining window types, so generic values were obtained from [36]. In this case there 

was no need of taking interior and exterior convection mechanisms into account (as 

opposed to the previous section), as the U-values provided by manufacturers and other 

references already feature that effect. 

The process of assigning U-values for the doors was similar, but involved more 

complex calculations as most of the units combined different materials. First, they were 

classified according to the material of which the opaque part of the door was made of, 

resulting in table 3. The assigned U-values were obtained from [36] and [37]. 

 

 

Table 3 - U-values for Vallbacksskolan doors 

Material Door types Assigned U-value 
(W/m2K) 
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Insulated steel with wood 
edge 

Old 1 (65% wood 2-pane) 0,908522 

Foam insulated steel with 
metal edge 

New 4,5 (30% aluminium 
2-pane),6 and 2 

Old 3,5 (25% wood 2-
pane), 6,7,10,11 and 12 

2,101 

Wood solid Old 4 and 9 (75% and 80% 
wood 2-pane) 

2,839118 

Aluminium, 2-pane 12 
mm, low-ε=0,1 (*) 

New 1,3 and 8 
Old 2 (25% wood 2-pane) 

2,6 

Wood, 2-pane 12 mm,  
air filled (*) 

Old 8 2,8 

(*) = Given the resemblance of these units with the windows in the building, window U-values were used for them. 

As can be seen on table 3, some of the doors required further calculations, as they 

contain a significant amount of glazing on them. This was done using the following 

formula, and the obtained results can be seen in the attached excel files. 

�� � Q�� ∗ ��� +	Q�E��� ∗ ��E���                             (Eq.26) 

 

Where: �� = U-value for the door (W/m2K) 

 Q�� = Fraction of the door made of solid material (0-1) 

 ��� = U-value for the solid part of the door, from table 3 (W/m2K) 

 Q�E��� = Fraction of the door made of glass (0-1) 

 ��E��� = U-value for the glass part of the door, from table 2 (W/m2K) 

It should be clarified that, for the Old2 door type, the averaging was made between two 

different glazing types instead of between a solid part and a glass part, but the procedure 

followed was the exact same. 

Once this stage was fulfilled, formula 24 was applied for each unit type using the same 

ºh value as in the transmission losses for walls and ceilings, 

Degree hours = 124300,00 ºh 

and the energy losses for every type were added together, obtaining the total 

transmission energy losses through the windows and doors. All the calculations and 

results can be found in the attached excel files if required. 

Note that, for the windows located in the roof of the building (more specifically window 

type Old14), the calculated heat transfer value was increased by a factor of 15% to have 
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radiation phenomena into account, similar to what was done in the previous section. 

This value is entirely experimental, and was recommended by the technical supervisor 

of the thesis work based on his experience on the field. 

3.2.3 Mechanical ventilation losses 

As mentioned in the theory, this type of losses is due to the need to indoor air renewal. 

This is provided by fans installed in the building, which are located jointly with the heat 

exchangers. As general air admission and exhaust points are located near the heat 

exchangers, that was the best place to make the necessary measurements. 

To take in account the regeneration in the ventilation heat losses, measurements were 

made upstream and downstream the heat exchangers. For each exchanger four different 

temperature measures were taken; figure 32 shows the measure points in the rotary heat 

exchanger.  

 

Figure 32 - Points for measurement [38] 

 

The other value that needed to be obtained was the air flow for supply and exhaust air. 

The heat exchangers in hus 2 and 4th floor of hus 1 feature flowmeters for both streams, 

so the values were directly obtaining by checking them. However, the exchanger in the 

basement of hus 1 does not have any device from where the researchers could directly 

read the value, so measurements had to be done. For this, a termoanemometer was used;  
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Velocical Plus, a multiparameter device with a function for ventilation device 

measurement. It is capable of monitoring air velocity, temperature, differential pressure 

and humidity and dew point temperatures. This device was also used for the 

temperature measurements previously explained. Figure 33 shows the Velocical Plus 

termoanemometer. 

 

Figure 33 – Thermoanemometer [39] 

To obtain a sufficiently accurate value of temperatures and air flows, four 

measurements of each parameter were made and the final one was obtained from the 

average. Values of average temperatures are presented in the result section.  

As mentioned above, there was no flowmeter in the case of the basement heat 

exchanger in hus 1, so the calculation of air flow was made from the air velocity as is 

shown in formula 27, 

@R/@S � @�� ∗ F�/@S � � ∗ �@F/@S� � � ∗ -                   (Eq.27) 

 

where: dV/dt = Air flow (m3/s) 

A = Section of the air duct (m2) 

v = air velocity (m/s) 

Duct section was obtained after measuring its diameter: 

D (diameter) = 60,2 cm 

� � 	T ∗ U2/4	 �	0,2846 m2 

On the other hand, as defined by formula 8 of the theory chapter, efficiency of the 

exchanger can be calculated from the temperatures measured. However, the heat 
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exchanger device is located inside an envelope together with other elements like fans, 

filters and additional heaters, giving no possibility for direct access to get measurements 

from heat exchanger. This means that the data for incoming air represents the 

temperatures before or after the whole ventilation device, and not the exchanger. Figure 

34 shows the internal elements of the ventilation devices. The case of the heat 

exchanger in building 2 is an exception, as this ventilation device does not include 

additional heaters; therefore, direct measures are valid. Note that, for the exhaust 

stream, such problems are not present in any of the cases as there are no additional 

heaters or coolers for that flow.  

 

Figure 34 - Ventilation device of building 1 schema 

The additional heaters were operating when the measurements were taken, so the value 

of incoming air temperature after the heat exchanger must not be used to calculate the 

efficiency because it included the heat absorbed from the heaters. Therefore, the 

temperature was calculated by approximation. That approximation consists in assuming 

that all the heat delivered by the exhaust air through the heat exchanger is absorbed by 

the incoming air. As the temperature drop for the hot stream (exhaust) was possible to 

measure, the amount of thermal energy transferred was calculated using the formula 28, 

H�V � / ∗ -.� ∗ 0� ∗ ��4 − �W�                                      (Eq.28) 

 

where: H�V = Thermal energy delivered at the heat exchanger (J) 

ρ = Density of air (kg/m3) 

 -.� = exhaust air flow (m3/s) 

 0�	= Specific heat of air (J/(kg K)) 

 �4 = Temperature of exhaust air before heat exchanger (ºC)  
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 �W = Temperature of exhaust air after heat exchanger (ºC)  

Once this was known, the actual temperature value of incoming air after the heat 

exchanger was possible to calculate by using a similar formula. Clearing the 

temperature variable, actual temperature of incoming air was calculated from formula 

29. 

������E 	� 	 �H�V/�	/ ∗ -.� ∗ 0X�� + �                                 (Eq.29) 

	

where: Tactual.= Real temperature of incoming air after the heat exchanger (ºC) 

�  = Incoming temperature air before heat exchanger (ºC)  

-.� = incoming air flow (m3/s) 

However, the efficiency of a heat exchanger varies during the year and it becomes lower 

in summer, when the temperature difference between outdoors and indoors is lower. 

Therefore, the efficiencies calculated above do not represent the real performance of the 

heat exchangers through the whole year. Consequently, following the recommendations 

of the supervisor of this research, general efficiency values were taken for the 

calculations instead of the experimental ones. Table 4 shows such common values for 

the different exchanger types. 

Table 4 - Efficiency values assumed for the calculations 

Type of heat exchanger Efficiency (%) 

Rotary heat exchanger 80,00% 

Air-water-air heat exchanger 60,00% 

 

Finally, as all the necessary data had been acquired, the mechanical ventilation energy 

losses were calculated from the equation explained in the previous chapter and using the 

same degree hour value as in other sections.	0� value for air was assumed as 1012 

KJ/KgK, and air density /  as 1,22 Kg/m3. 

����		�
� =	�		���	��6 ∗ 	,������ 

K	v	recovery	=  -. ∗ 	/ ∗ 	0�*  �1-	η�	
Degree hours = 124300,00 ºh 
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Full calculations and results for this section can be found in the Excel files attached to 

this document. 

3.2.4 Natural ventilation  

As aforementioned in the theory chapter, ``natural ventilation losses refer to infiltration 

through walls and roof, but also to ventilation due to open windows and doors´´. 

Calculations methods were stated for the infiltration component of the natural 

ventilation. However, thickness and permittivity values for the different layers of the 

building envelope have been impossible to obtain as Gavlefastigheter, company 

responsible for the building, had no record of them. Faced with this total lack of 

information in the area, it was agreed with the project supervisor that the whole natural 

ventilation heat losses would be estimated from the energy balance equation once all the 

other terms had been calculated, rearranging it as follows,  

�
��		�
� �	��
� +	��������
 +	���������	�����
� �	���	���	����� �	����		�
� �	���	 (Eq.30) 

 

The complete calculations for natural ventilation can be found in the attached excel files 

if required. 

3.2.5 Hot tap water 

As stated in the theory section, the following formula was used for these calculations, 

���	���	����� �	A��	���	����� ∗ 	0�	����� ∗ ��B − ��� 

 
According to health and safety standards, water must be heated to 55 ºC to avoid 

Legionella risks, bacterium that can be generated in wet environments with 

temperatures below that value [27]. Therefore, that is the value assigned for Ts. Ti is 

approximated to be 7,75ºC, which is the average between winter and summer tap water 

temperatures in Gävle [27].  

The information available for calculating the annual mass flow consisted in register 

values from the water grid company for the 2011-2013 period, from where the total 

annual volume in 2011 and 2012 were calculated and the average consumption 

obtained. Values from 2008 have been neglected due to the abnormally high values.  

Such data, however, only featured total consumption of water, which means both cold 

and hot water were included. This is derived from the fact that the grid company 
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provides cold water, and part of that input is afterwards heated via thermal energy 

purchased from the DH grid. Given this situation, an experimental coefficient was used 

for estimating the hot water mass flow, assuming that 30% of the total water flow is 

used for hot water purposes, 

A��	���	����� � 0,3 ∗	A���E	���	�����                          (Eq.31) 

 
 
where:   A��	���	�����  = Annual mass flow of hot water (kg/year) 
  A���E	���	�����  = Annual total mass flow of water (kg/year) 
 

The use of the experimental coefficient was advised by the technical supervisor of the 

research, and is commonly assumed when further data is not available. Note that the 

invoice provided the volume consumed, so the values had to be converted to mass by 

the following formula, 

A���E	���	����� = 	/ ∗	R���E	���	�����                          (Eq.32) 

 

where:  ρ = Density of water (kg/m3) 

  R���E	���	����� = Annual total volume of water (m3) 

The complete calculations for hot tap water can be found in the correspondent Excel 

file. 

3.2.6 District heating 

For the calculation of the thermal energy input coming from district heating, 

Gavlefastigheter provided the researchers with the invoices for the 2011-2013 period. 

Such invoice featured energy use values in MWh so the information did not need any 

further processing. Values were directly transferred to the corresponding excel file and 

added together to get the annual thermal energy input coming into Vallbacksskolan 

from the district heating grid. The annual values for 2011, 2012 and 2008 were averaged 

to obtain a final value that represents the district heating use more precisely, given the 

variability of the purchase of thermal energy with the weather conditions of each 

particular year. 

The complete tables can be found in appendix III. 

3.2.7 Solar radiation 
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As previously mentioned in the theory section, the following set of equations was used 

for quantifying the energy entering the building due to solar radiation through glazing. 

��������
 �	C��������
	 

��������
 �	C��
�� 

��
�� �	C�D�
�� ∗ �. ∗ ����E� ∗ 0F. 

As was mentioned in the section that dealt with transmission losses through windows, 

no drawings or technical specifications were available for the glazing in the building. 

Therefore, the data collected for that stage of the calculations had to be used again for 

this section.  

First, the different window types were divided into groups regarding their orientation; 

the reference direction was south-facing facade. Further clarification can be found in 

appendix II, and the complete window classification has also been included there. 

The existence of any kind of shading mechanisms also needed to be accounted. Apart 

from detecting the clearly viewable devices and given the complexity of the building, 

shading effects were assumed for the whole east facing facade of the new building as 

well as for the north and south walls facing the inner areas of the old building. Figure 36 

helps clarify this fact.  

 

             Figure 35 - Facades where shading effects were considered [40] 

Later, the total window area for each orientation was calculated for the different types 

present in them. Once this had been done, the value of the �. calculation factor was 

selected for each window type from the table in appendix III, as can be seen in table 5: 
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Table 5 - Kf for Vallbacksskolan windows 

Glazing type Assigned �. 
3-pane 12 mm, argon filled 0,72 
Aluminium, 2-pane 12 
mm, low-ε=0,1 

0,8 

Wood, 2-pane 12 mm,  
air filled 

0,8 

Wood, 1-pane 0,9 
 

This calculation factor has both the transmittance (τ) and the energy absorbed by the 

glass and emitted inwards into account and is, therefore, dependent on the same 

characteristics as them. For the partly glazed doors in the building, the �. correspondent 

to their glass type was used but, instead of multiplying it by the total area of the door, a 

corrected area value was used, 

����E �	Q�E��� ∗ ���                                      (Eq.33) 

 

where:  ���������= Area value used in the calculations (m2) 

 Q�E��� = Fraction of the door made of glass (0-1) 

 ��� = Total area of the door (m2) 

Afterwards, the D�
�� insolation values were assigned for every month, orientation and 

window type. These values were obtained from the table corresponding to Latitude 60º 

North (the geographical location of Gävle) which can be found in appendix III. The 

columns for the 60º, 150º, -120º and -30º were used, according to the facade 

classification explained before. Such columns provide two different insolation values 

for each month; the value marked as ``0´´ is the one for non-shaded windows and the 

``10´´ one is for shaded windows. When a window type had some of its units shaded 

and some others non-shaded, a weighting equation was used to obtain the final value 

that was used: 

D.�
�E = Q������ ∗ D������ +	Q

������ ∗ D

������             (Eq.34) 

 

where: D.�
�E = Average insolation (Wh/m2) 

 Q������ = Percentage of shaded windows (0 – 1) 

 D������ = Insolation value for shaded windows (Wh/m2) 
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 Q

������ � Percentage of non-shaded windows (0-1) 

 D

������ = Insolation value for non-shaded windows (Wh/m2) 

Finally, the cloudiness factor 0F. was set for every month from the table in appendix III. 

Such factors are experimental values obtained from meteorological studies and provided 

by the technical supervisor of the thesis. 

The complete calculations and results for the solar radiation heat input can be found in 

the attached Excel files. 

3.2.8 Internal generation 

Inside internal generation, different heat sources have been studied and the methodology 

followed for the calculation of each of them has been different, so they will be presented 

separately in the following sections. Note that, regarding equipment generation, two 

separated paragraphs have been assigned for lighting and other equipment given the 

different nature of the calculation procedure followed. Annual heat generation in the 

building can be calculated from the different sources with the following formula,  

��
� �	�� +	�E +	��                                           (Eq.35) 

 

where:  ��
� = Internal heat generation (Wh) 

 �� = Total annual heat generation from humans (Wh) 

 �E = Total annual heat generation from lighting (Wh) 

 �� = Total annual heat generation from equipment (Wh) 

3.2.8.1 Human generation 
The theory section already introduced that this ``emission is mainly dependent on the 

metabolic rate of the individual or, in other words, the level of activity. For example, a 

person working in an office while seating down will have a lower heat generation rate 

than someone working out at a gym´´ [29]. 

Therefore, the occupants of Vallbacksskolan were divided into 3 different groups, 

depending on their activity, and they were assigned a heat generation value from the 

corresponding table provided by ASHRAE (American Society of Heating, Refrigerating 

and Air-conditioning Engineers) [29]. Note that this study has used the adjusted heat 

gain values, `` based on normal percentage of men, women, and children for the 

application listed, and assumes that gain from an adult female is 85% of that for an adult 
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male, and gain from a child is 75% of that for an adult male´´ [29], instead of the ones 

for an adult male, given the heterogeneous composition of the occupants of the school 

facilities. Table 6 shows the three different activity groups in which such people were 

divided, as well as the corresponding heat generation rate. 

 

Table 6 - Activity level groups at Vallbacksskolan 

Degree of activity People groups included Adjusted heat gain 
(W/person) 

Moderately active 
office work 

Students, teachers and other 
office workers 

130 

Sedentary work Staff at the restaurant 160 
Athletics People at the gym 525 
 

The daily amount of people from each group was estimated, as well as their average 

stay time at the building. This process led to the separation of the moderately active 

office work group into two sections: students and school staff. This differentiation 

comes from the average stay time being different. Table 7 shows the average stay times 

for each group. 

Table 7 - Average stay times for each group 

Degree of activity People groups included Stay time (h) 
Moderately active 
office work 

Students 2 

Moderately active 
office work 

Teachers and other office 
workers 

7 

Sedentary work Staff at the restaurant 6 
Athletics People at the gym 1 
 

Note that these values represent the average time each individual spends at the 

Vallbacksskolan facilities. For example, each student is assigned an average stay of 2 

hours given the variety and flexibility of the courses offered, having people that work 

for 6 hours only three days every week and other people who work for 1 hour every day. 

Once all that data had been collected, the calculation of the annual internal generation 

coming from humans was calculated using the following formula, 

�� �	∑c� ∗ P� ∗ S� ∗ @�                                        (Eq.36) 
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where:  �� = Total annual heat generation from humans (Wh) 

  c� = Heat generation rate for each activity level (W/person) 

  P� = Number of people in each activity level group  

  S� = Average daily presence time (h/day) 

  @� = Annual school opening days (day) 

Complete calculations and results for this section can be found in the attached Excel 

files.  

3.2.8.2 Lighting 
 

The ASHRAE handbook [29] suggests a primary method for these calculations that 

involves knowing the type of lamps the building has, as well as their power ratings. 

Such information was not available for the researchers and that method was, 

consequently, not feasible. However, ``an alternative procedure is to estimate the 

lighting heat gain on a per square foot basis. Such an approach may be required when 

final lighting plans are not available´´ [29]. This procedure uses the LPD or Lighting 

Power Density, which gives the maximum heat gain per square meter for different 

purpose areas. Therefore, the rooms in the building were classified according to their 

use and the correspondent LPD value from [29] was assigned to them, resulting in table 

8. 

Table 8 - Light Power Density for each room type 

Room type LPD (W/m2) 
Corridors 5 

Storerooms 9 
Classrooms 15 

WC and locker rooms 8 
Offices 12 

Conference rooms 14 
Hall 14 

Library(*)  15,5 
Maintenance rooms 16 

Gym 15 
Kitchen 13 

Dining room 10 
Workshops 20 

(*) = The value was averaged from the ones recommended for the stack and reading areas 
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The surface of each room type was measured from the building drawings in appendix I, 

and the total annual heat generation coming from the lighting was calculated using the 

following formula, 

�E � ∑+�U� ∗ �� ∗ S� ∗ @�                                      (Eq.37) 

 

where:   �E = Total annual heat generation from lighting (Wh) 

  +�U� = Lighting Power Density for each area type (W/m2) 

  �� = Total area for each area type (m2)  

  S� = Average daily operation time (h/day) 

  @� = Annual school opening days (day) 

Note that S�, the average daily operation time, stands for the daily hours the lighting is 

working for each of the different area types. This value was estimated as a percentage of 

the school opening hours based on experience and advice provided by the technical 

supervisor of the thesis work. Table 9 sums up the percentages assumed. 

Table 9 - Percentage of operating time for lighting in each room type 

Room type % of operating time 
Corridors 100 

Storerooms 20 
Classrooms 80 

WC and locker rooms 30 
Offices 80 

Conference rooms 50 
Hall 100 

Library(*)  100 
Maintenance rooms 10 

Gym 70 
Kitchen 60 

Dining room 80 
Workshops 80 

 

All the detailed calculations for this section can be found in the attached Excel files, 

divided into the different floors and buildings at Vallbacksskolan for easier 

understanding of the charts. 

3.2.8.3 Other equipment 
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As mentioned in the theory, every kind of equipment emits heat to its surroundings to a 

certain extent; that energy amount is, however, highly variable depending on the type of 

device studied. In addition, the information available for this purpose is generally 

insufficient, as ``often, the only information available about heat gain from equipment is 

that on its nameplate, which can overestimate actual heat gain for many types of 

appliances´´ [29]. For this reason, ASHRAE provides several tables with standardized 

heat generation values for the most common equipment in different purpose areas [29].  

The methodology followed for these calculations is similar to the one explained for the 

human generation, and will therefore just be outlined here. First, the different kind of 

equipment was classified, quantified and assigned a standard generation value. This was 

done by visual observation around the school facilities, as no material inventory was 

provided to the researchers. Their daily operation time was also estimated, based on 

school schedules; table 10 shows the assigned working time for each equipment type.  

Table 10 - Working time for each type of equipment 

Equipment type Working time (% of school opening 
hours) 

Kitchen 50 
Dining room (buffet) 40 

Refrigerators, freezers and cabinets 24 h(*) 
Eventual cooking(**)  60 

Computers 70 
Copy machines 30 

(*) These devices are assumed to work 24 hours, as the cold chain would be broken otherwise  

(**) This refers to small appliances used randomly, like microwaves or coffee brewing urns 

The existing difference between kitchen and dining room equipment comes from the 

fact that the kitchen must be operating previous to the opening of the buffet, in order to 

get the first meals ready. Copy machines, on the other hand, are assumed to operate 

only 30% of the time because of their eventual operating; heat generation in stand-by 

mode is assumed to be negligible. 

Finally, the total heat gain from the equipment was calculated via the following 

formula, 

�� �	∑c� ∗ P� ∗ S� ∗ @�                                            (Eq.38) 
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where:  �� = Total annual heat generation from equipment (Wh) 

  c� = Heat generation rate for each equipment type (W/unit) 

  P� = Number of units for each equipment type  

  S� = Average daily operating time (h/day) 

  @� = Annual school opening days (day) 

Full calculations and results can be found in the separate Excel files. 

3.3 Solar collectors  

The installation of a solar collector system is proposed as energy saving measure in the 

result chapter, but the methodology the followed in its calculation is shown in this 

section. The system has been designed with the aim to supply the thermal energy 

needed for hot tap water. Solar collectors are usually installed in the building top fixed 

to the roof. The disposition of collectors in Vallbacksskolan would be similar to what is 

presented in the building of figure 37.  

 
Figure 36 - Example of solar collector disposition [41] 

 

Solar radiation incident on earth’s surface changes during the year, due to the variation 

of the axis tilt in its orbit. The angle between the planet´s surface and the solar radiation 

is called solar altitude. To capture the maximum solar incidence, collectors should be 

always tilted normally to solar radiation [27]. Figure 38 shows a sketch of the best solar 

collector tilt.  



Energy audit at Vallbacksskolan for possible future refurbishment 
 

58 
 

 
Figure 37 - Best solar collector tilt in the equinox for a latitude of 50º [42] 

 

In practice the task of varying the collector tilt can be difficult due to the fact that the 

units are often installed in non-accessible locations such as building roofs. This case of 

study is one of those situations, so the collector tilt will have to remain fixed during the 

whole year. For this situation, the best fixed tilt is calculated from formula 39 [27].  

d � + � 20                                                         (Eq.39) 

 

where:  Ψ = Solar collector tilt (º) 

   L = latitude of the building location (º) 

 

Gävle has latitude of 60.683º, so the recommended collector tilt is around 40º. If a 

higher tilt is used, even if the total collected solar radiation decreases, there is the 

advantage that the collectors are more efficient during winter and the risk of overheating 

in summer will be decreased. Therefore, the use of a higher tilt would be possible but 

the use of a lower one is not recommended given the high overheating risk it can carry 

[27]. 

The solar energy G delivered to the collectors is calculated from radiation tables 

obtained from the Atmospheric Science Data Center (ASDC) at NASA Langley 

Research Center [43]. To calculate the annual energy production at the collectors the 

following formula was used,  

H = f1I ∗ c − � ∗  ∆��	� ∗  ℎ�	�g ∗  ��EE�����                     (Eq.40) 

 

 
where:  E = Annual energy (Wh) 

   η0=Optical efficiency 
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   G
 = Solar energy radiation of the whole year (Wh/m2) 

   ∆Tavg = Annual average temperature difference (º C) 

havg = Solar period, experimental time period (hours/year) 

collectorsA =Solar collector area (m2) 

 
The solar collector model proposed is “SOL 2800 H” [34]. Main features of SOL 2800 

H are: 

η0 = 0.711 
U = 3.168 W/(m2K) 

 
The operating temperature is 55 ºC, which corresponds to the water in the collector 

circuit, and the average outdoor temperature is 5 C; this leads to a ∆Tavg = 50ºC. 

The solar period for Gävle is approximately of 1270 solar hours [27]. 

Besides solar radiation data and the features of the collectors, it is necessary to know the 

energy required in the buildings to complete the collector design.  As aforementioned, 

the solar system proposed is aimed to deliver thermal energy for hot tap water, so the 

annual energy required from the collectors is obtained from the section corresponding to 

hot tap water. 

 

To design the collector system size formula 40 is rearranged to clear the collector area, 

resulting as follows, 

�hiFFjhSikl �	H f10 ∗ c − � ∗	∆�K-9 ∗	ℎK-9gm                          (Eq.40b) 

 

The next step in the solar system design is the sizing of the water storage system.  The 

required water tank volume is approximated from the maximum daily hot water 

consumption through the year, as shown in formula 41, 

R�Kn* =	0SℎjkoKF_lSikK9j ∗	RqℎiS_rKSjk                                       (Eq.41) 

 

where:   TankV = Volume of solar storage (m3) 

_thermal storageC =Experimental coefficient, 1.15 [27] 

  RqℎiS_rKSjk	=Maximum daily consumption (m3) 
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The collectors and the water tank are the main elements of a solar installation, but not 

the only ones. However solar collectors are not the main focus of this thesis work as 

they are only presented as an improvement measure, so elements like pumps or ducts 

have not been studied. 

The operative efficiency of a solar collector system is not a constant parameter. It varies 

through the year depending on the solar radiation and the thermal losses to the ambient, 

and it shows the fraction of the total solar radiation that is effectively converted into 

thermal energy. It is calculated with formula 42, 

1 � 	 �st∗u>v∗∆&�∗	wxyzz{x|y}~u∗	wxyzz{x|y}~ =	1I − � ∗ ∆&
u                        (Eq.42) 

 

where: η =Solar collector system efficiency (0-1) 

 0η =optical efficiency (0-1) 

   collectorsA =Solar collector area (m2)  

   U = U value of collectors (W/m2K) 

T∆ =Temperature difference between the working fluid and 

the ambient (º C) 

  I =   Solar intensity (W/m2) 
 

Such efficiency has been calculated for each month. The monthly average temperature 

difference has been calculated using the data from appendix III. As for the solar 

intensity, monthly data was not available so the average annual value Iavg has been used 

in all the calculations instead. This value has been calculated from the annual energy 

radiation and the solar period following formula 43, 

 

D = c ℎ�	�	L = 	978110 1270L = 770,16	�/o2                               (Eq.43) 

where:  I : Solar power radiation (W/m2) 

G : Solar energy radiation of the whole year (Wh/m2) 

havg = Solar period, experimental time period (hours/year) 
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4 RESULTS 
This section will focus on two different aspects. First the energy survey results and 

balance will be presented and, afterwards, different possibilities for saving energy will 

be analyzed. 

4.1 Energy survey 

This chapter will present the annual energy flows for the Vallbacksskolan facilities. The 

results for each energy input and output will be shown and the overall energy balance 

will be established for the building. Please note the following indications: 

• As stated in the theory, the energy survey has been carried out following a 

modular approach. Therefore, the results will be presented separately for 

every input and output module following that criterion. If more specific data 

shall be required, full calculations and results can be consulted in the 

attached Excel files. 

• As stated in the method, the random nature of the natural ventilation due to 

window or door openings has precluded the quantification of such flow; 

accordingly, the results shown in the natural ventilation section only refer to 

the heat losses due to infiltration phenomena through the building envelope 

4.1.1 District heating 

Figure 39 shows the district heating use chart featured in the invoices provided by 

Gavlefastigheter. 

 

Figure 38 - District heating invoice graph [Appendix III] 
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Table 11 presents the total annual use of district heating in the Vallbacksskolan facilities 

for years 2012, 2011 and 2008, which is stated as a reference year in the energy invoice.  

Table 11 - Annual use of district heating 

Year Annual DH use (MWh) 
2012 996,3 
2011 996,8 

2008 (reference year) 1264,5 
 

Therefore, the average annual district heating use at Vallbacksskolan is 1085,87 MWh. 

For a more accurate perception of how thermal energy purchase is distributed along the 

year, figure 40 shows the monthly purchase in MWh for the 3 previously mentioned 

years. 

 
Figure 39 - DH use in Vallbacksskolan 

Figure 40 shows that the district heating consumption peaks happen during the Winter 

months, where monthly use goes over 150 MWh, while during the summer period such 

energy use is significantly reduced to values below 20 MWh. Regarding the overall 

annual values, years 2011 and 2012 present similar values while the consumption 

during the reference year was around 250 MWh higher than those. Note that the 

reference year was set by the grid company due to particularly cold weather conditions 

during that period. 

Regarding the economic effect of this energy purchase, the average price for a big 

family house during 2012 according to Svenskfjärrvärme [44] was 77,64 öre/kWh. That 

leads to the following average annual expense for Vallbacksskolan: 

1085,87 MWh * 1000 * 77,64 öre/kWh = 84306688 öre/year = 843066,88 SEK/year 
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4.1.2 Solar radiation 

Table 12 shows the annual energy input due to solar radiation through windows and 

doors in Vallbacksskolan divided into the four different facade orientations. Figure 41 

illustrates the contribution of each facade to the total incoming heat.  

Table 12 - Annual energy input due to solar radiation for the different facades 

 

 

 
Figure 40 - Contribution of each facade to the total input 

Figure 41 shows that the facades facing east and west (-30º and 60º), directions for 

sunrise and sunset, are the biggest contributors to energy input by solar radiation with a 

65%. Solar radiation through windows results in around 730 MWh thermal energy 

entering Vallbacksskolan and no added cost, as it is a free heating source. 

 

 

 

 

 

 

Façade orientation Annual incoming energy (MWh)

-30º 233,3126

-120º 153,0984

150º 100,3888

60º 244,4831

Total 731,2829

32%

21%
14%

33%

Annual input due to radiation

-30º

-120º

150º

60º
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4.1.3 Internal generation 

This section presents the results for internal generation in three different groups, given 

the different nature of each of the mechanisms.  

First, table 13 shows the annual heat generation inside Vallbacksskolan due to human 

presence, divided into the different activity levels detected in the facilities. 

Table 13 - Annual heat generation by humans 

 

Secondly, table 14 the internal generation coming from the different kitchen and office 

equipment inside the building. 

Table 14 - Annual heat generation by equipment 

 

Finally, the annual heat generation from lighting for both Vallbacksskolan buildings is 

presented in table 15. 

Table 15 – Annual heat generation by lighting 

 

 

Table 16 sums up all the internal generation sources, and figure 42 gives an overall look 

on those different mechanisms, showing the percentage each of them is accountable for. 

Group Annual heat generation (MWh)

Moderately active office work (students) 70,51

Moderately active office work (staff) 11,75

Sedentary work (restaurant) 3,25

Athletics (gym) 5,93

Total 91,45

Equipment type Annual heat generation (MWh)

Kitchen 46,37294

Office 7,84672

Total 54,21966

Building Annual heat generation (MWh)

Hus 1 97,83

Hus 2 38,66

Total 136,49



Energy audit at Vallbacksskolan for possible future refurbishment 
 

65 
 

Table 16 - Internal generation at Vallbacksskolan 

 

 

 
Figure 41 - Contribution of each mechanism to the total input 

 

As can be seen in table 16, internal generation accounts for more than 280 MWh of 

input heat at Vallbacksskolan at no added cost, as internal generation is a free heating 

source. Lighting has the biggest share among the different generation mechanisms with 

a 48% of the total, while human generation contributes in nearly 92 MWh each year that 

imply 33% of the total internal generation at the building under study. 

 

4.1.4 Transmission heat losses 

This section separately presents the results for the two modules of this energy input, as 

well as providing an overall look at transmission losses at Vallbacksskolan. 

 

4.1.4.1 Transmission losses through walls, roof and floor 
Table 17 presents the annual transmission energy losses through walls, roof and floor in 

the building under study, divided according to the 2 different buildings. Figure 43 

represents the percentage contribution of each subgroup to the total energy output. Note 

that losses through the floor in hus 2 are presented in a single category despite the 

calculation differences noted in the method section. 

Source Annual heat generation (MWh)

Humans 91,45

Equipment 54,22

Lighting 136,49

Total 282,16
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Table 17 - Transmission losses through walls, roof and floor 

 

 
Figure 42 - Contribution of each subgroup to the total wall, roof and floor flow 

 

Table 17 shows that transmission losses through walls, roof and floor sum up to a total 

of nearly 950 MWh every year; walls in hus 1 are the biggest contributors to this flow 

with 40% of the total followed by walls in hus 2 with 19%. 

 

4.1.4.2 Transmission losses through windows and doors 
Table 18 presents the annual transmission energy losses through Vallbacksskolan 

windows and doors, divided according to the 2 different buildings, along with the total 

area for each group. Figure 44 helps visualize the contribution of each subgroup to the 

total flow.  

Group Annual losses (MWh)

Hus 1 walls 379,1083

Hus 1 roof 65,4311

Hus 1 floor 65,0056

Hus 2 walls 175,9643

Hus 2 roof 122,3872

Hus 2 floor 135,1381

Total 943,0346
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Table 18 - Transmission losses through windows and doors 

 

 
Figure 43 - Contribution of each subgroup to the total window and door flow 

 

As seen in figure 44, windows are responsible for the majority of the losses of this kind. 

Building 1 windows represent the 61% of the annual energy flow and the building 2 

ones hold 31%, while heat transmission through doors in Vallbacksskolan sums up to 

8%. 

 

4.1.4.3 Total transmission losses 
Table 19 gives an overall view of transmission losses in Vallbacksskolan separated into 

the different building components and figure 45 helps visualize the flow distribution 

among all of them. The table also features total areas for every component and the heat 

flow density in MWh/m2, which is later used for the comparison between the different 

components in the discussion section. 

Group Total area (m
2
) Annual losses (MWh)

Hus 1 windows 664,14 231,4288

Hus 1 doors 45,12 13,1467

Hus 2 windows 442,51 116,0971

Hus 2 doors 65,85 19,8037

Total 380,4762
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Table 19 - Total transmission losses in Vallbacksskolan 

 

 
Figure 44 - Contribution of each building component to the total transmission losses 

 

Annual transmission losses in Valbacksskolan are 1323,51 MWh, from which 42% 

happen through the walls and 26% through the windows, the two main contributors to 

the total flow. Regarding the flow density, windows and doors present the higher value 

with 0,314 MWh/m2 and 0,2969 MWh/m2 respectively, while the rest of components 

have values below 0,1 MWh/m2. 

 

4.1.5 Mechanical ventilation heat losses 

As stated in the method, temperatures in the heat exchangers were measured in order to 

calculate their real efficiency; such values are presented in tables 20 and 21. 

 

Component Total area (m
2
) Annual losses (MWh) Heat flow density (MWh/m

2
)

Walls 6379,41 555,0726 0,0870

Roof 3284,80 187,8183 0,0572

Floor 2969,38 200,1437 0,0674

Windows 1106,65 347,5258 0,3140

Doors 110,97 32,9504 0,2969

Total 1323,5108
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Table 20 - Stream temperatures in heat exchangers of building 1 

Building 1. Basement heat exchanger Temperatures (Celsius) 

Incoming air to the building  T1 18 ºC 

Return air from the building T2 20 ºC 

Inlet air from outdoors T3 8 ºC 

Exhaust air form heat exchanger T4 16 ºC 

  

Building 1. 4th  floor heat exchanger  

Incoming air to the building  T1 19 ºC 

Return air from the building T2 20 ºC 

Inlet air from outdoors T3 14 ºC 

Exhaust air form heat exchanger T4 18 ºC 

 

Table 21 - Stream temperatures in heat exchanger of building 2 

Building 2. 3rd  floor heat exchanger Temperatures (Celsius) 

Incoming air to the building  T1 18 ºC 

Return air from the building T2 23 ºC 

Inlet air from outdoors T3 16 ºC 

Exhaust air form heat exchanger T4 21 ºC 

 

As mentioned in the method, air flows were obtained by two different methods. Tables 

22 and 23 show air flows for the exchangers were direct measurement was available. 
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Table 22 - Air flows in heat exchanger building 1 

Building 1. 4th floor heat exchanger Air flow (m3/s) 

Incoming air flow 6 m3/s 

Exhaust air flow 5,2 m3/s 

 

Table 23 - Air flows in heat exchanger building 2 

Building 2. 3rd  floor heat exchanger Air flow (m3/s) 

Incoming air flow 5,6  m3/s 

Exhaust air flow 6,7 m3/s 

 

For the remaining case, average air velocities obtained with the termoanemometer are 

presented in table 24. The resulting airflows after applying formula 27 are presented in 

table 25. 

Table 24 - Air velocity in heat exchanger of building 1 (basement) 

Building 1. Basement heat exchanger Velocity (m/s) 

Incoming air  4,07 

Exhaust air  4,53 

 

Table 25 - Air flows in heat exchanger of building 1 (basement) 

Building 1. Basement heat exchanger Air flow (m3/s) 

Incoming air  1,29 

Exhaust air  1,16 

 

The method stated that actual temperatures at the entrance of the exchangers have to be 

calculated in order to obtain the real efficiency; they are shown in table 26. 
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Table 26 - Actual incoming air temperature after heat exchanger 

Case Actual temperature (ºC)  

Building 1. Basement 11,48 ºC 

Building 1. 4th floor 15,68 ºC 

 

Table 27 shows the real efficiency for each heat exchanger. 

Table 27 - Calculated heat exchanger efficiencies 

Heat exchanger Efficiency (%) 

Building 1. Basement 28,96% 

Building 1. 4th floor 27,94% 

Building 2. 3rd  floor 28,57% 

 

However, as stated in the method, these real values are only applicable for the warm 

season so generic efficiency values were adopted for calculating. Taking them into 

account, tables 28 and 29 show the heat transfer coefficients for the ventilation units in 

Vallbacksskolan, without and with consideration of the heat exchanger efficiency 

respectively. 

Table 28 - Heat transfer coefficient without considering exchanger efficiency 

Location Heat transfer coefficient Kv(W/K) 
Building 1 Basement  1430,46  
Building 1 4th  floor  6420,13  
Building 2 3rd  floor  8272,00  
 

Table 29 - Heat transfer coefficients considering exchanger efficiency 

Location Heat transmission coefficient Kv recovery(W/K) 
Building 1 Basement  286,05  
Building 1 4th  floor   1284,02  
Building 2 3rd  floor   3308,83  
 

Table 30 shows annual ventilation heat losses in Vallbacksskolan separated into the 

three different air handling units present at the building, as well as the total value.  
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Table 30 - Mechanical ventilation heat losses 

 

Percentage comparison between heat losses in the different units is represented in figure 

46.  

 

 
Figure 45 - Mechanical ventilation heat loss distribution 

 

Mechanical ventilation heat losses sum up to 606,45 MWh each year at 

Vallbacksskolan. The most significant losses are located in building 2 with a 68% 

contribution to the total. 

In addition of these mechanical ventilation heat losses, the analysis of the ventilation 

system has shown a difference between incoming and exhaust air flow rates. Table 31 

presents the total flow values for both streams in the building. 

Table 31 - Total air flows in Vallbacksskolan 

Air stream Air flow (m3/s) 

Incoming air 12,89  

Exhaust air 13,06  

 

 

Location Annual heat losses (MWh)

Building 1  Basement 35,55

Building 1  4
th

  floor  159,61

Building 2  3
rd

  floor  411,29

Total 606,45
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4.1.6 Hot tap water energy use 

Figure 47 shows the total tap water consumption chart featured in the invoices provided 

by Gavlefastigheter, which was later used for the energy calculations. 

 

Figure 46 - Tap water invoice graph [Appendix III] 

 

Table 32 shows the average monthly hot tap water consumption for years 2011 and 

2012, along with the energy use that such requirements imply. Figure 48 draws the 

evolution of this particular energy use during the period of a year. 

 

Table 32 - Hot tap water use in Vallbacksskolan 

 

Month Hot tap water consumption (m
3
) Hot tap water energy (MWh)

January 52,65 2,8894

February 52,50 2,8812

March 51,45 2,8236

April 46,20 2,5354

May 47,85 2,626

June 46,20 2,535

July 47,85 2,626

August 47,85 2,626

September 46,20 2,535

October 47,85 2,626

November 46,20 2,535

December 47,85 2,626

Annual 580,65 31,8658
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Figure 47 - Monthly energy use for hot tap water 

As is observed in table 32, annual energy requirements for hot tap water in 

Vallbacksskolan sum up to nearly 32 MWh with a roughly constant distribution over the 

year of around 2,8 MWh every month, regardless of the season. 

 

4.1.7 Natural ventilation heat losses 

Once all the other components of the energy balance have been calculated, annual 

natural ventilation heat losses are estimated to be as shown in table 33. 

 

Table 33 - Natural ventilation heat losses 

 

 

4.1.8 Energy balance at Vallbacksskolan 

Table 34 summarizes all the significant results of the energy survey at Vallbacksskolan. 

Figure 49 and 50 illustrate the contribution of each term of the energy balance to the 

total inputs and outputs respectively. 

Energy output Annual heat output (MWh)

Natural ventilation heat losses 137,48
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Table 34 - Energy balance at Vallbacksskolan 

 

 
Figure 48 - Energy inputs at Vallbacksskolan 

 
Figure 49 - Energy outputs at Vallbacksskolan 

Energy inputs Annual heat input (MWh)

District heating 1085,87

Solar radiation 731,28

Internal generation 282,16

Total 2099,31

Energy outputs Annual heat output (MWh)

Transmission heat losses 1323,51

Mechanical ventilation heat losses 606,45

Hot tap water 31,87

Natural ventilation heat losses 137,48

Total 2099,31
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As seen in figure 49, district heating is the most significant energy input in the building 

under study with 52% of the total, followed by solar radiation through the windows with 

35%. As for the outputs, figure 50 shows that transmission is the main contributor with 

63% of the total followed by mechanical ventilation heat losses with 29%. The 

contribution of hot tap water use and natural ventilation heat losses is significantly 

smaller, summing up to 8% in total. 

 

4.2 Efficiency measures 

4.2.1 Window renewal at building 1 

As can be observed in figure 45 from the energy survey results, windows are 

responsible for 26 % of the transmission losses in Vallbacksskolan. This sets them as a 

remarkable area for potential improvement as far as energy efficiency is concerned, 

particularly for hus 1 where windows have the highest U-value.  

This section analyzes the effect of replacing all the windows in building 1 that have a U-

value of 2,8 W/m2K with high insulating 3 pane wood windows manufactured by 

Elitfönster [45], which have a U-value of 1,2 W/m2K. Note that the single pane 

windows, which have a U-value of 4,8 W/m2K, are not included in the renewal given 

their negligible size and contribution to the total losses. 

Before planning the refurbishment, a key factor needs to be accounted: hus 1 in 

Vallbacksskolan, built in the 19th century, was declared part of the cultural heritage of 

the city of Gävle several years ago. Therefore, special care shall be taken when 

renewing the building given that the law prevents the external appearance from being 

modified. As a result, the new windows must be selected so that they exactly fit the 

space occupied by the old units and will have to be custom made in some cases, for 

example the ones shown in figure 51.  

 
Figure 50 - Unique windows in Vallbacksskolan 



Energy audit at Vallbacksskolan for possible future refurbishment 
 

77 
 

4.2.1.1 Energetic and economic effect 
The predicted transmission losses in the building after the refurbishment are shown in 

table 35. Full data can be found in the correspondent Excel file. 

Table 35 - Transmission losses after refurbishment 

 

In order to compare the resulting situation with the original transmission losses, table 36 

gives an overview of both and quantifies the percentage of energy loss prevented by the 

efficiency measure. 

Table 36 - Energetic effect of window renewal 

 

Tables 35 and 36 show that annual transmission losses through windows in hus 1 are 

reduced to roughly 100 MWh with the renewal, implying a 57% reduction from the 

original situation for these units and a 10% decrease in the total transmission losses in 

Vallbacksskolan. 

However, the proposed window replacement has a side effect that must be accounted, as 

the installation of highly insulating units also implies a reduction in the free heat input 

from solar radiation through them because they feature a lower solar transmittance value 

(0,72 as opposed to the 0,8 of the original units). Table 37 quantifies that reduction and 

compares it with the present situation.  

Table 37 - Reduction in solar radiation input 

 

As seen in the previous table, the replacement of the windows in hus 1 implies a 

reduction of around 43 MWh in the thermal energy entering the building from solar 

radiation, a 5,91% decrease from the actual situation. Taking the two effects of the 

refurbishment into account, table 38 presents the net saving effect of the measure and, 

Group Total area (m
2
) Annual losses (MWh)

Hus 1 windows 664,14 99,4812

Hus 1 doors 45,12 13,1467

Hus 2 windows 442,51 116,0971

Hus 2 doors 65,85 19,8037

Total 248,5286

Original (MWh) Refurbished (MWh) Reduction (%)

Hus 1 windows 231,43 99,48 57,01%

Total transmission losses 1323,51 1191,56 9,97%

Actual annual input (MWh) Predicted annual input (MWh) Reduction (%)

Solar radiation 731,2829 688,0700 5,91%
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using the reference district heating price, quantifies the annual economical saving that it 

provides. 

Table 38 - Savings obtained with window renewal 

 

As table 38 shows, the proposed measure results in reducing the annual district heating 

necessities at Vallbacksskolan in nearly 90 MWh, fact that is translated into around 

70000 SEK saved every year at the facilities. 

 

4.2.1.2 Investment 
The cost of the window renewal is estimated from the complete product catalogue of 

Elitfönster [45], a Swedish manufacturer. As previously stated, the original shapes and 

size of the windows must be maintained during the refurbishment; this has led to 

approximating the actual units to the ones in the catalogue that resembled them most. 

For the biggest windows or the complex shaped ones, it has been impossible to find an 

option that resembles them along the catalogue and have therefore been approximated 

by joining smaller units together in order to get a price estimation. Table 39 sums up the 

renewal process and shows the total investment required. 

Decrease in transmission losses (MWh) 131,95

Decrease in solar input (MWh) 43,21

Net annual energy saved (MWh) 88,73

District heating price (kr/MWh) 776,40

Annual economic savings (kr) 68893,63
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Table 39 - Window renewal cost 

(*) Approximated by joining smaller units together given their size or shape complexity  

(**) As found in [45] 

 

As shown in table 39, the estimated total investment for the replacement units is 

2.985.070 SEK. This does not include the installation costs, which averagely cost 2000 

SEK per unit but are subsidized by the Swedish government in 50% [45]. Taking 

installation costs into account and assuming a 20 year loan with an interest rate of 6%, 

table 40 shows the complete annuity that the window renewal implies. 

Table 40 - Annuity for the window renewal 

 

 

The annuity implied by this efficiency measure in of nearly 260.000 SEK, which 

compared to the annual savings of 70.000 SEK shows that this efficiency measure is not 

profitable for the case under study. 

 

 

Type (old) Type (new, catalogue)
(**)

Unit price (kr)
(**)

Number of units Total price (kr)

1 EFS2-11/12 + FF1F-11/5,5
(*)

17742,0 14,0 248388,0

2 EFS2-10/16 + FF1F-10/5
(*)

18454,0 36,0 664344,0

3 EFS-10/10 + EFK-10/10 (x3)
(*)

24465,0 3,0 73395,0

4 EFS2-13/18 10544,0 134,0 1412896,0

5 EFS2-12/18 10190,0 17,0 173230,0

6 EFS2 - 10/17 9208,0 6,0 55248,0

7 EFS2 - 13/15 9486,0 2,0 18972,0

8 EFS2 - 10/15 8526,0 2,0 17052,0

9 EFK - 8/12 (x6)
(*)

18996,0 7,0 132972,0

11 EFS2 - 12/11 7770,0 7,0 54390,0

13 EFS2-12/15 9145,0 3,0 27435,0

14 EFS - 7/7 3814,0 10,0 38140,0

16 FF1F - 6/3 8576,0 8,0 68608,0

Total investment 2985070,0

Total investment (kr) 2985070,00

Total installation costs (kr) 498000,00

Installation costs after subsidy (kr) 249000,00

Total cost (kr) 3234070,00

Annuity factor (n=20, i=6%) 0,08

Annuity (kr) 258725,60
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4.2.2 Additional glazing for windows in building 1 

As stated in the previous section, windows in hus 1 are a potential area for efficiency 

improvement. The complete replacement of all the units has proven to imply a 

remarkably high investment, mainly due to the need of respecting the original window 

sizes and shapes. This is a recurrent concern when dealing with listed or heritage 

building. 

However, there is another alternative when trying to reduce transmission losses through 

windows; the use of additional glazing. This technique consists in attaching an 

additional layer (usually PVC or other synthetics) to an already existing window in 

order to increase its insulation capacity, but without altering the appearance of the 

original window. Secondary glazing is not as effective as the total replacement of 

windows but still represents an interesting choice at a much more reduced price. Such 

option is particularly interesting for listed buildings as the one this report deals with, as 

it manages to increase the insulation capacity of the existing windows without affecting 

their external appearance [46]. Figure 52 shows a horizontally sliding secondary glazing 

unit installed at a window.  

 

 
Figure 51 - Horinzontal slide secondary glazing [46] 

The refurbishment is planned using secondary glazing from a British specialized 

company called Ecoease [46]. Note that, similar to what decided when planning the 

complete renewal of the windows, the single pane units with a U-value of 4,8 W/m2K 

are not included in this efficiency measure given their limited impact in the overall 

balance. 
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4.2.2.1 Energetic and economic effect 
Secondary glazing manufactured by Ecoease features an additional U-value of 2,7 

W/m2K when installed with a 20mm gap. By adding the thermal resistance we can 

obtain the overall new U-value of the units: 

)�� �	  
vy}"�"��z +	

 
v���"|"y��z �	  2,�+	

 
2,� � 0,7275	m2K/W 

��� =	  
!|y| = 1,3745W/ m2K 

The recalculation of the transmission losses through the windows in hus 1 end in the 

results shown in table 41.  

Table 41 - Transmission losses after additional glazing 

 

In order to compare the resulting situation with the original transmission losses, table 42 

gives an overview of both and quantifies the percentage of energy loss prevented by the 

efficiency measure. 

Table 42 - Energetic effect of additional glazing 

 

 

Tables 41 and 42 show that transmission losses through windows in building 1 are 

reduced to 114 MWh with the installation of additional glazing, meaning a 50,8% 

reduction in the losses for this building component and roughly a 9% decrease in the 

total transmission losses when compared to the actual situation. 

Note that there is no need of recalculating the solar input as it is the same as for the 

complete window renewal; additional glazing also results in a 3 pane window that has 

the same effect as the ones in the previous section. The resulting decrease in the input 

due to solar radiation can be seen in table 43. The following table presents the net result 

of this efficiency improving measure, both from the energy and economic point of view. 

Group Total area (m
2
) Annual losses (MWh)

Hus 1 windows 664,14 113,8894

Hus 1 doors 45,12 13,1467

Hus 2 windows 442,51 116,0971

Hus 2 doors 65,85 19,8037

Total 262,9368

Original (MWh) Refurbished (MWh) Reduction (%)

Hus 1 windows 231,43 113,89 50,79%

Total transmission losses 1323,51 1205,97 8,88%



Energy audit at Vallbacksskolan for possible future refurbishment 
 

82 
 

Table 43 - Savings obtained with additional glazing 

 

As table 43 shows, the installation of additional glazing in the hus 1 windows results in 

a reduction of roughly 74 MWh in district heating use every year, which implies saving 

nearly 58000 SEK every year in energy expenses at Vallbacksskolan. Such savings are 

notably lower than the ones obtained with the complete renewal of the windows, where 

around 70000 SEK are saved annually. 

 

4.2.2.2 Investment 
The necessary investment for this measure is estimated from the Ecoease webpage [46], 

using an application where the user introduces the dimensions of the window and the 

price is calculated in £. The biggest windows have been approximated by joining 

multiple smaller units together. Table 44 presents a summary of the renewal investment. 

Table 44 - Secondary glazing cost 

(*) Approximated by joining smaller units together given their size or shape complexity  

(**) As found in [46] 

 

Table 44 shows that this renewal implies an estimated cost of roughly 640.000 SEK. As 

for the installation costs, additional glazing is easily set in the existing windows so the 

task can be carried out by any of the actual Vallbacksskolan workers; therefore, such 

cost is estimated to be 100 SEK for each unit. Having all these facts into account, table 

Decrease in transmission losses (MWh) 117,54

Decrease in solar input (MWh) 43,21

Net annual energy saved (MWh) 74,33

District heating price (kr/MWh) 776,40

Annual economic savings (kr) 57707,10

Type (old) Dimensions (mm)
(**)

Unit price (£)
(**)

Unit price (kr) Number of units Total price (kr)

1 1100*1200 145,2 1472,0 14,0 20607,8

2 1000*1600 176,0 1784,2 36,0 64232,1

3 1000*2100 (x3)
(*)

693,0 7025,4 3,0 21076,1

4 1300*2100 300,3 3044,3 134,0 407940,6

5 1200*2100 277,2 2810,2 17,0 47772,6

6 1000*1600 176,0 1784,2 6,0 10705,3

7 1300*1400 200,2 2029,6 2,0 4059,1

8 1000*1400 154,0 1561,2 2,0 3122,4

9 700*1200 (x6)
(*)

554,4 5620,3 7,0 39342,1

11 1200*1100 145,2 1472,0 7,0 10303,9

13 1200*1500 198,0 2007,3 3,0 6021,8

14 700*700 53,9 546,4 10,0 5464,2

16 600*300 19,8 200,7 8,0 1605,8

Total investment 642253,8
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45 presents the total annuity this efficiency measure implies, assuming a 20 year loan 

with an interest rate of 6%. 

Table 45 - Annuity for secondary glazing 

 

 

The annuity implied by this efficiency measure is of 53.372,3 SEK, which compared to 

the annual saving of 57.707,1 SEK shows that secondary glazing is a profitable option 

for efficiency improvement in Vallbacksskolan. The expected net annual savings are: 

Expected net annual savings = 57.707,1 SEK - 53.372,3 SEK = 4.334,8 SEK/year 

 

4.2.3 Decrease indoor temperature settings 

As can be extracted from the energy survey, several of the heat loss mechanisms in 

Vallbacksskolan are dependent on the annual qdegree value. The theory section previously 

clarified that this term is a function of the indoor and outdoor temperatures throughout 

the year. It is impossible to act over the outdoor temperature, as it is set by the climate 

of the geographical area, but indoor temperature is a factor that can be modified in order 

to reduce energy use in the building. Decreasing it leads to a lower annual qdegree, which 

results in lowering transmission and ventilation heat losses as can be seen in the 

correspondent equations. However, indoor temperature cannot be reduced under a 

certain value as the indoor environment comfort criteria must always be fulfilled [47]; 

figure 53 presents the ASHRAE standards for this matter. 

Calculated investment (kr) 642253,8

Total installation costs (kr) 24900,00

Total cost (kr) 667153,80

Annuity factor (n=20, i=6%) 0,08

Annuity (kr) 53372,30
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Figure 52 - ASHRAE comfort zone depending on humidity and temperature. Chart appliable for 

metabolic rates around 1,2 and clothing values around 0,7 [47] 

 

Figure 53 shows that, with an appropriate humidity control and a clothing value around 

1,5, an indoor temperature of 67 ºF = 19,5 ºC is inside the acceptable comfort zone in 

the building. Therefore, this section will analyze the effect of setting the indoor 

temperature to that value, which implies a 1ºC reduction from the original situation. 

 

4.2.3.1 Energetic and economic effect 
The new indoor temperature alters the annual qdegree value, which now becomes the 

following according to the duration diagram in appendix III: 

         Degree hours = 118250,00 ºh 

This alteration affects transmission and ventilation losses, resulting in the new annual 

loss values shown in table 46. Note that uncontrolled ventilation has not been estimated 

for reasons similar to the ones explained in the energy survey. 

Table 46 - Heat losses after indoor temperature decrease 

 

 

As seen in table 46, the indoor temperature decrease leads to a decrease of about 5% in 

all the heat loss mechanisms affected by the measure. Table 47 shows the total energy 

saved and the economic benefit obtained. 

Group Actual annual losses (MWh) Predicted annual losses (MWh) Reduction (%)

Transmission through walls, roof and floor 943,0346 894,2120 5,18%

Transmission through windows and doors 380,4762 361,9575 4,87%

Mechanical ventilation 606,4491 576,9316 4,87%
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Table 47 - Savings obtained with indoor temperature decrease 

 

This energy efficiency measure leads to saving nearly 97 MWh every year, wich results 

in preventing the expense of around 75.000 SEK on district heating purposes in 

Vallbacksskolan. 

 

4.2.3.2 Investment 
This efficiency measure requires no significant investment, as it is achieved by simply 

resetting the thermostat values in the building from 20,5 ºC to 19,5 ºC. No additional 

actions are required.  

Therefore, an indoor temperature decrease is a profitable efficiency measure for the case 

under study, resulting in the following net savings: 

Expected net annual savings = 75.000 SEK – 0 SEK = 75.000 SEK/year 

 

4.2.4 Solar collector system for hot tap water energy requirements 

A change in energy carriers is a common way of increasing system efficiency from an 

energetic point of view both for industrial and residential facilities [27]. Substituting the 

whole district heating supply for a different energy source is an ambitious and complex 

process that is out of the reach of this research, but the possibility of covering minor 

energy requirements with alternative carriers is interesting to analyze. This section 

studies the supply of energy for hot tap water needs by a purpose designed solar 

collector system.  

 

4.2.4.1 System design and energetic effect 
As mentioned in the method section, the solar collector system is designed with the aim 

of covering the hot tap water energy demand at Vallbacksskolan, which is of nearly 32 

MWh/year as has been previously presented.  

From the corresponding formula, the total required solar collector area is 64,47 m2. 

Given that the unit area of the selected collector type is 2,65 m2, a total of 25 panels are 

required.   

As mentioned in the method, once solar power is known monthly solar efficiencies are 

calculated with the corresponding formula; such efficiencies by month are shown in 

Net annual energy saved (MWh) 96,86

District heating price (kr/MWh) 776,40

Annual economic savings (kr) 75201,12
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table 48, as well as the annual average solar efficiency of the system. Figures 54 and 55 

show the solar radiation curve for Gävle and the efficiency graph for the collector 

system respectively.  

Table 48 - Solar collector operative efficiency 

 

 
Figure 53 - Monthly solar radiation in Gävle [48] 

Month Efficiency (%)

January 46%

February 46%

March 47%

April 50%

May 52%

June 54%

July 55%

August 55%

September 53%

October 51%

November 49%

December 48%

Annual 51%
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Figure 54 - Monthly operative efficiency of the collector system 

 

The average annual efficiency of the proposed system is of 51%, with a variation of 

around 10% during the year. Figures 54 and 55 illustrate how the efficiency curve and 

the solar radiation curve resemble each other. 

As introduced in the method, the obtained thermal energy is stored in solar 

accumulators. The volume of these tanks is calculated with the corresponding formula, 

which concludes that the volume needed to ensure a proper supply of hot tap water is 

10,062 m3. Comparing several industrial catalogues from manufacturers, it is concluded 

that the most profitable option is to use two tanks with a capacity of 4,966 m3 each 

[49]. 

 

4.2.4.2 Investment and economic effect 
Table 49 shows the investment briefing for the proposed solar collector system. 

Table 49 - Total investment for the solar collector system 

 

The total investment rises to 162449,1 SEK, which leads to the annuity shown in table 

50 if the bank loan has a period of 10 years with a 6% interest rate.  It also shows the 

resulting energy cost by KWh as was discussed in the theory section and the consequent 

annual economic savings during the first ten years.  

Device Unit price (SEK/unit) Units Cost (SEK)

Solar collector 5128,9 25 128222,5

Solar tank 17113,3 2 34226,6

Total investment 162449,1
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Table 50 - Annuity and savings for the solar collector system 

    

(*) During the first 10 years 

The calculated annuity of more than 21.000 SEK results in an energy cost of 0,663 

SEK/kWh for the proposed solar collector system. The measure is therefore profitable 

as such price is lower than de current district heating one, and annual savings of more 

than 3600 SEK are predicted during the first ten years after the installation. Note that, 

after that period, the bank loan will be fully paid and the energy cost for the collectors 

will turn to be roughly inexistent, only accounting for minor maintenance actions, so the 

annual savings will be increased to the total cost of the equivalent district heating 

consumption. 

 

 

  

Total investment (SEK) 162449,10

Annuity factor (n=10, i=6%) 0,13

Annuity (kr) 21118,38

Energy cost (SEK/kWh) 0,663

DH cost (SEK/kWh) 0,776

Annual savings
(*) 

(SEK) 3622,224
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5 DISCUSSION 
After all the significant results of the research have been presented, this chapter 

analyzes the most relevant ideas that can be extracted from the project. First, a 

discussion is carried out for several interesting points detected in the energy survey and 

a critical revision and comparison of the proposed efficiency measures is featured 

afterwards. Finally, a section dealing with the strengths and weaknesses of this thesis 

work is presented. 

 

5.1 Energy survey 

This section intends to point out the most remarkable conclusions and reflections 

obtained from the analysis of the survey results and the overall energy balance. 

The first remarkable factor in the energy survey results is the distribution of district 

heating consumption in Vallbacksskolan along the year. As can be extracted from 

figure 40, such energy use reaches its peak values during the winter months of 

December and January while it is held to a basis value during the summer months. This 

leads to concluding that district heating use is directly depending on weather conditions 

in the area, reaching top values when outdoor temperatures are at their lowest. Similar 

conclusions can be extracted from the variability in consumption between years, having 

the highest annual consumptions correspond with the coldest years. These results also 

show that a vast majority of the energy extracted from the grid is used for space heating 

purposes, while only a minor part is dedicated to covering needs like hot tap water, 

which can be held accountable for the basis value still present in the warmest months of 

the year.  

 

Regarding the energy input coming from solar radiation through the windows, table 12 

has shown that the facades facing east and west directions are the ones that contribute 

the most to the total flow. This phenomenon is mainly due to the fact that such walls 

have a greater exposure to energy coming from the sun, as they face the path it follows 

during sunrise and sunset for most of the year. Clear proof of this is also found in the 

daily solar irradiation tables used for such calculations, which can be found in appendix 

III, where the sum of the values results in considerably higher results for facades facing 

east or west. 
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Moreover, solar radiation along with the different internal generation mechanisms have 

thrown one of the most remarkable conclusions that can be extracted from this energy 

survey: the key role played by free heating in any kind of building. In this particular 

study, free heating sources account for a total of nearly 1014 MWh per year, 

representing 48% of the energy input in Vallbacksskolan. In other words, almost half of 

the heat input to the building comes at no charge either from solar radiation entering 

through windows or generation from people and equipment. 

This fact leads to remark the importance of these energy sources in Nordic countries 

were buildings are exposed to tough weather conditions and require large amounts of 

energy to cope with space heating demands [19]. Buildings should always be designed 

to take full advantage of free heating mechanisms, as they remarkably reduce the annual 

expense on energy purposes and also contribute to a decrease in global contaminant 

emissions related to heat generation. Note that, even if both radiation and generation 

contribute to free heating, the first mechanism is the only one that can be maximized by 

an efficient design, as internal generation is a highly uncontrolled phenomenon that is 

conditioned by the purpose and activity level of the building. To ensure that full 

exploitation of free heating resources, most of the above mentioned countries feature 

regulations that prevent buildings creating shadowing effects on nearby constructions 

and other situations that would decrease the effectivity of these mechanisms [19].  

It is also interesting to compare this situation with the role played by free heating in 

warmer countries. Buildings in such areas have considerably lower heating demands 

but, on the other hand, face cooling demands that are usually of low importance in cold 

areas [19]. This makes free heating become a negative factor as it is no longer 

decreasing the heating load, but increasing the cooling load required by the construction 

even more. That is why, when planning buildings in such countries, radiation and 

internal generation are factors that should always try to be controlled and minimize in 

order to reduce the energy required for cooling. In both cases, free heating proves to be 

a determining factor for building design from an energetically efficient point of view. 

 

The analysis of the transmission heat loss results also induces an important factor. 

Table 19 shows that walls in Vallbacksskolan are responsible for the largest outward 

transmission flow with 555 MWh per year, but this does not imply that such building 

component is necessarily the weakest link. As stated in the theory, losses of this kind 

are directly proportional to the area involved, so eventually a larger area of a more 
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insulating material can suffer higher losses than a smaller area of poor insulation. The 

heat flow density, however, clearly represents the efficiency of a certain component 

when maintaining heat inside the building without regard to either the area or the 

temperature difference. As shown in table 51, windows in Vallbacksskolan have a heat 

flow density of 0,314 MWh/m2, almost 4 times higher than the value for walls, roof or 

floor. Furthermore, doors in the building have a density almost as high as that, even if 

their final contribution to the losses is lower than 3% given their reduced area. 

Table 51 - Heat flow densities 

 

 

This leads to conclude that windows are the weakest component in Vallbacksskolan as 

far as transmission losses are concerned, even if they do not imply the highest annual 

losses of this kind. Such understanding leads to setting this building component as one 

of the areas considered when planning energy efficiency measures. 

 

As mentioned in the mechanical ventilation heat losses results, the basement air 

handling unit shows the lowest losses. This is due to the fact that the exhaust air flow 

for this case is significantly lower than at the other units in Vallbacksskolan and, as 

explained in the theory, losses of this nature are directly proportional to such flow. Note 

that this does not imply the air handling unit in the basement is more efficient than the 

rest; it is, in fact, as efficient as the other heat exchanger in building 1. 

Regarding the heat exchanger in building 2, the difference in losses when comparing 

with building 1 is very remarkable. They more than double the combined losses 

corresponding to both building 1 heat exchangers. This is partly because the exhaust air 

flow in hus 2 is the highest of all Vallbacksskolan, fact accountable to the high 

ventilation rates required by the kitchen areas located in the building in order to 

effectively evacuate the densely polluted air present there. However, the key reason is 

the presence of an air-water-air heat exchanger in the building 2 air handling unit, which 

has a lower efficiency than the ones in building 1 as stated in the theory. This makes the 

Component Heat flow density (MWh/m
2
)

Walls 0,0870

Roof 0,0572

Floor 0,0674

Windows 0,3140

Doors 0,2969
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losses increase even further given the less effective heat recovery from the air leaving 

the building. As a possible improvement, the change of the air-water-air exchanger for a 

rotary one could be evaluated; this option is, however, impossible. The reason for this is 

related to the stream air quality, which necessarily has to fulfill Swedish health 

legislation [50]. As mentioned before, a high percentage of the exhaust stream handled 

in hus 2 comes from the kitchen, carrying a high density of particles from combustion 

processes and other pollutants. The installation of a rotary exchanger would put the 

incoming air quality at risk because, as mentioned in the theory, this type of devices can 

have slight filtrations between both streams when the exchanger wheel is rotating.  

Another interesting point to analyze in the Vallbacksskolan ventilation system is the 

existing difference between total incoming and exhaust air flows presented in table 31. 

From the heat exchanger point of view, the increase of the exhaust flow against the 

incoming one is positive as it ensures a more effective heat transfer between streams, 

resulting in higher temperature efficiencies. However, this unbalance between air flows 

also produces a negative pressure difference between inside and outside the building 

[51], boosting air infiltration through the envelope that would increase the heat losses. 

Therefore, the positive effect obtained from the heat exchanger efficiency increase 

would be annulated by the increase in infiltration losses, even resulting in a more 

adverse situation than the original one. 

 

As far as the energy use for hot tap water needs is concerned, figure 48 has indicated a 

roughly constant throughout the whole year, with around 3 MWh used every month. 

This indicates that hot tap water consumption in Vallbacksskolan is practically the same 

every month, regardless outdoor weather conditions or other factors. Such distribution 

was in fact predictable, given that the use of hot tap water depends on the type of 

activities carried out at the building, but not the particular moment in the year. Devices 

like showers or dishwashers are expected to operate at constant rate during the whole 

annual working period. These same reasons result in the energy use for this purpose 

being also similar from one year to another. 

 

Regarding the energy balance, the main conclusion that can be extracted is the fact that 

transmission losses are the most important source of heat output in Vallbacksskolan 

with 65% of the total, as can be seen in figure 50. This fact sets them as the most 

interesting area for efficiency improvement. Moreover, the heat flow density study has 
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shown that, even if the walls are accountable for the largest flow, windows are the 

component with highest potential in regard to reducing energy losses. Such difference in 

heat flow density is remarked again in figure 56. 

 

 
Figure 55 - Heat flow density for different components 

 

Therefore, this research set windows as the starting point when developing efficiency 

improvement measures. Note that, even if doors present a density value close to the one 

of windows, their area is negligible when compared to the ten times greater windows 

one, so the potential reduction effect is significantly lower and therefore action on them 

was discarded.  

 

5.2 Efficiency measures 

The following section intends to critically analyze the proposed energy saving 

measures, establish a comparison between them and finally rank them according to the 

priority judged by the researchers. 

 

First of all, the two efficiency measures that involve hus 1 windows must be 

discussed. While the reason for them has already been presented, there are some 

differences on the effect they create. A complete window renewal reduces transmission 

losses in 131 MWh while the installation of additional glazing eliminates 118 MWh 

from the original situation; this implies a decrease of 10% and 9% in this type of losses 

in the building. However, even if their energetic effect is roughly similar, the economic 

analysis has completely different results for both cases. This can be seen in table 52, 
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that features the total cost (investment + installation) and the annuity calculated in the 

previous chapter for both measures. 

Table 52 - Cost comparison for windows refurbishments 

 

The magnitude order difference between both is clear, as window renewal implies an 

investment roughly 4 times higher than the other alternative. This leads to the first 

option being judged non profitable, as was stated in the results chapter, while additional 

glazing turns out to be economically feasible.  

It is interesting to analyze the main reason for a complete window renewal being so 

unaffordable in the case under study. A complete window renewal will always be more 

costly that other options like secondary glazing, given the higher added value of a 

complete window and the more complex installation process. However, the reason for 

such difference being so remarkable in the case studied is that, as previously mentioned, 

we are dealing with a listed construction. That implies several restrictions when 

planning refurbishments for it, as the outer appearance must always be respected. 

Therefore, windows purchased for the renewal must fit the existing window spaces, 

often of complex shapes and sizes, resulting in most of them being extremely expensive 

or even needing to be custom manufactured. When facing that situation, secondary 

glazing offers a much more flexible solution given that the system can be installed 

without modifying the original windows and the additional panes can be easily adjusted 

to complex shapes. The results obtained, even if slightly inferior, are still competitive 

when compared to full renewal and they are obtained at a much more affordable 

economic cost. 

This leads to concluding that, when dealing with listed properties, the installation of 

additional glazing is generally the best alternative for saving energy by window 

refurbishment.   

 

The decrease of indoor temperature is undoubtedly one of the most interesting 

measures studied. It is considerably effective, helping save nearly 100 MWh every year 

by reducing both transmission and ventilation losses simultaneously. But the most 

interesting feature of this option is that it comes at no appreciable economic cost; 

adopting this efficient behavior can help save more than 75.000 SEK every year at 

Measure Total cost (SEK) Annuity (SEK/year)

Window renewal 3234070,00 258725,60

Additional glazing 763491,87 53372,30
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Vallbacksskolan without requiring any investment. The measure would be implemented 

by solely resetting the thermostat system in the building to a new nominal indoor 

temperature of 19,5 ºC instead of the actual 20,5 ºC. However, this apparent simplicity 

must not lead to thinking that this measure has no counterpoints. As mentioned in the 

previous chapter, thermal comfort of the occupants needs to be accounted at all times 

when implementing this kind of measure. This means that humidity needs to be 

measured and controlled along with the average clothing insulation level worn by the 

people in the building to ensure that the new selected temperature still fulfills the 

corresponding comfort criteria. Therefore, further indoor environment study at 

Vallbacksskolan is indispensable before this option is implemented, in order to select an 

adequate nominal temperature. Thermal comfort of the occupants must always be the 

first priority even if it implies saving less energy than predicted by this first estimation. 

However, even if such new indoor temperature value is required to be higher than 19,5 

ºC, any value lower than the original will still result in significant savings at no cost, so 

the measure would still be remarkably interesting. 

 

Regarding the development of a solar collector system for hot tap water energy, it 

involves several advantages and disadvantages that must be taken into account. 

Among the positive aspects it is remarkable that after ten years, when the bank loan has 

been fully covered, the energy delivered by the system can be considered as free-of-

charge and therefore the whole actual expense on energy for hot tap water would be 

prevented. In addition, the results obtained from the collector calculation indicate that 

the equivalent energy cost during the loan period is lower than district heating price, so 

solar collectors are a chance to save money even while the investment is being 

amortized.  Furthermore, the pollution reduction obtained by using a green and 

renewable energy source is not less important in order to achieve a sustainable global 

society. 

On the other hand, some significant disadvantages should be pointed out for this 

measure. First, the thermal energy delivered by the system is not constant throughout 

the year due to the variation of solar radiation and the temperature difference between 

the working fluid and outside. During the cold season, incident radiation decreases and 

collector heat losses increase due to the higher temperature difference, causing a 

reduction of efficiency or even being forced to stop operating. Therefore, the possibility 

that solar collectors are eventually forced to work together with district heating to 
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deliver the required energy is to be accounted. Regarding maintenance and installation 

costs, they have not been estimated but will surely increase the total cost of the measure, 

depending on the difficulty of the construction process. In this case, collector 

installation on the roof supposes a complex task. Another handicap is the elimination of 

Swedish government subsidies for thermal solar collector installations in 2012 [52], 

which in case of still existing would have made this option considerably more 

interesting from the economic point of view. 

As a summary of all the proposed measures, table 53 comprises the total cost and the 

predicted annual savings for each case. 

Table 53 - Efficiency measure summary 

 

Taking into account the information presented in table 53 and all the previously 

discussed matters, this is the priority order assigned to the efficiency measures by the 

researchers: 

• Decrease indoor temperature settings: With no appreciable investment 

required and saving more than 75.000 SEK every year, this change in 

behavior is judged as the top priority action to implement. However, note 

that it has already been stated that this measure must not be implemented 

without previously carrying a deeper study of the thermal comfort criteria 

in the building. 

• Additional glazing: This is judged as an effective way of reducing 

transmission losses through the windows of Vallbacksskolan, one of the 

weakest components of the building to that regard. The investment it 

implies is considerable and annual savings do not reach the 4500 SEK per 

year during the loan time, but it is considered an interesting option from a 

long term point of view. 

• Solar collector system for hot tap water requirements: This measure is 

of similar interest as the previous one but is given a lower priority level. 

This is because, even if annual savings are similar during the first 10 years 

and even expected to grow during the following period, installation costs 

Measure Total cost (SEK) Predicted annual savings (SEK/year)

Indoor temperature decrease 0,00 75201,12

Solar collectors 162449,10 3622,22

Window renewal 3234070,00 Not profitable

Additional glazing 763491,87 4334,80
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have not been estimated in this research and such investment will surely 

make the installation of a solar collector system a less interesting option. 

• Full window renewal: The study has shown that a full window renewal is 

not a profitable way of increasing the system efficiency and its 

implementations is therefore not recommended unless particularly 

interesting agreements that would significantly decrease the cost are 

reached with window manufacturers. 

5.3 Critical analysis of the work 

This last part of the discussion analyses the strengths and weaknesses of the thesis work, 

trying to provide an objective critic of it by taking in account the adequacy of the 

methods and processes used and the difficulties that were faced during the research. 

The most remarkable strengths are listed below: 

• The overall method used to carry out the energetic assessment of 

Vallbacksskolan is based in the first law of thermodynamics, which is a 

universal statement. This provides the thesis with a solid and indisputable 

theoretical basis. 

• Official invoices of district heating and tap water delivered by 

Gavlefastigheter were one of the information sources for the energy survey, 

providing reliable data for the purpose and enabling a precise analysis. 

• On site measurements of ventilation air temperatures flows provided 

remarkable knowledge about the heat exchanger systems and solid data for 

mechanical ventilation heat losses calculation, improving the results that 

would have been obtained by solely using data from ventilation protocols. 

• Technical drawings of Vallbacksskolan, delivered by Gavlefastigheter, were 

one of the most important documents used for this thesis. From them heat 

transmission areas were possible to calculate with high accuracy. Such 

transmission loss calculation also includes a separate analysis of roof and 

floor, providing additional detail to the results. In addition, window areas 

have been directly measured in Vallbacksskolan, overcoming the problem of 

the inexistence of technical drawings for them and providing a highly 

accurate estimation of transmission losses and solar radiation through them. 

• The calculation of the solar radiation input was based in experimental tables 

(appendix III) that consider facade orientation and shading effects in the 
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buildings. In order to get the most accurate approximation possible, a 

calculation coefficient for each type of window was included as well as a 

cloudiness factor. This enabled to obtain an acceptable representation of 

reality despite the complexity of estimating such phenomena. 

• Internal generation was studied following the methods recommended in the 

ASHRAE handbook [29], enabling a normalized calculation method for these 

factors that would otherwise be hardly obtainable. In addition, precise 

occupancy level data and kitchen equipment inventory were provided by the 

Vallbacksskolan management, allowing getting an adequate estimation. 

• Efficiency improvements were analyzed both from a technical and 

economical point of view, pointing out the energetic benefits obtained as well 

as the investment viability, giving a complete view of everything involved by 

each option. 

• The improvements proposed in this thesis cover the whole range of 

possibilities for efficiency increase in a system: change in energy carriers 

(solar collectors), individual efficiency measures (window renewal and 

additional glazing) and implementation of energy efficient behavior (decrease 

of indoor temperature settings). 

 

Once the positive features have been shown, the following paragraphs analyze the most 

remarkable weakness sources found in the work: 

• The unavailability of the building material features for the transmission heat 

loss calculation forced to use approximated U-values provided by the 

technical supervisor. This implies a significant decrease in the accuracy level 

of the results. 

• This impossibility of finding technical information for the walls has also 

affected the infiltration calculation. As this energy term was not possible to 

calculate with the originally planned method, it was joined with uncontrolled 

ventilation and had to be solved in an indirect way, using the energy balance 

equation. This fact has decreased the accuracy level of the study and 

prevented the option of studying ways of decreasing losses of that nature, 

given that the survey results were not reliable enough. 
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• The on-site ventilation system measurements were done during the warm 

season, in April. Because of this, some of the experimental results obtained 

could not be applied for the whole year calculations. This lead to, instead of 

using the experimental exchanger efficiencies, assuming general efficiency 

values depending on the type of heat exchanger when calculation mechanical 

ventilation heat losses. The study would have been more accurate if on site 

measurements would have been possible during the cold season, in order to 

obtain a precise average efficiency for the whole year.  

• Tap water invoices only featured total consumption values, so the hot water 

energy study was carried out by using an experimental coefficient that 

estimated the volume corresponding to such uses. This value is, however, 

widely accepted as a correct estimator so the inaccuracy introduced is not 

very significant.  

• The solar collector system design was carried out from a general point of 

view, focusing only in collector and tank design and neglecting other 

additional elements of the system. In addition, all installation costs were not 

calculated as they were judged out of the reach of this project, so the real 

system cost would be higher than calculated. A full study of this affair is 

required to precisely evaluate the effect of the measure. 

• Even if the evaluation has been more accurate, similar critics can be made to 

the other 3 efficiency measures studied, as they are only an approximate 

estimation of the effect and cost involved by their implementation. 

• The proposed window renewal has turned out to be a not applicable measure. 

Despite the energy saved by this measure, the high window costs have made 

it economically unaffordable.  

 

In conclusion, taking all the above mentioned factors into account, it is stated that the 

present thesis work has effectively fulfilled the initially set objectives reaching an 

adequate accuracy level given the purpose of the study. This research has adequately 

portrayed the actual energetic situation and introduced several ways of improving the 

system efficiency, creating a solid knowledge basis from where further research can be 

conducted and initial decisions regarding future refurbishment can be made. 
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6 CONCLUSION 
This thesis work has effectively shown the actual thermal energy situation at the 

Vallbacksskolan facilities in Gävle. The study has revealed that roughly 50% of the 

energy input to the building comes from the local district heating grid, while the 

remaining is covered by free heating sources such as solar radiation through the 

windows and different internal generation mechanisms. As for the outputs, transmission 

heat losses have been detected as the major contributor with 65% of the total flow. The 

analysis of the different building components has shown that, even if walls share the 

highest transmission loss percentage with 555 MWh per year across their vast area, 

windows are the weakest link given their high heat flow density of more than 0,31 

MWh/m2 and should therefore be the focus of any measure aimed at decreasing this 

kind of losses. As for the remaining heat outputs, mechanical ventilation heat losses 

stand out with 30% of the total while natural ventilation and hot tap water sum up to 

5%. Note that all the terms of the energy survey have been calculated following a solid 

methodology except for natural ventilation, where the impossibility of obtaining the 

required parameters has leaded to their estimation from the global energy balance 

equation. 

The research has also provided several options for increasing the system efficiency 

together with a study of their feasibility and economical effect. It has been concluded 

that the most interesting measure is to decrease indoor temperature settings in 

Vallbacksskolan in order to reduce both transmission and ventilation heat losses. This 

option is predicted to save around 75.000 SEK every year and requires no significant 

investment; however, it has been pointed out that a detailed indoor environment study 

shall be carried out before implementing this measure in order to guarantee adequate 

thermal comfort conditions.  

On the other hand, middle priority has been given to two other measures that involve 

the installation of additional glazing in the windows and the design of a solar collector 

system to cover hot tap water energy needs respectively. Both of them would imply a 

significant investment but each is estimated to save around 4000 SEK every year. 

Nevertheless, a further economic study would be required in order to more accurately 

predict the economic effect of the measures, particularly in the case of the solar 

collector system where installation costs have been neglected in the study.  

Finally, a fourth measure involving a full window renewal has been presented and, even 
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if the energetic effect has proven significantly interesting, the high cost it would involve 

has leaded to judge it as unprofitable. Such excessive investment is mainly due to the 

fact of dealing with a protected heritage building like Vallbacksskolan, where the 

original aspect must be maintained; the previously mentioned additional glazing has 

proven to be the adequate choice for this kind of situations. 

Regarding the analysis methods, it has been concluded that they have been acceptably 

effective even despite several difficulties that have had to be faced, such as the 

aforementioned lack of parameters for natural ventilation calculations or the random 

nature of some of the phenomena studied.  

As a conclusion, it is stated that this thesis work has efficiently fulfilled the initial 

objectives of portraying the actual thermal energy situation at Vallbacksskolan and 

providing possible improvement actions for it, all of it with an acceptable degree of 

accuracy given the scope of the study. 
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1 APPENDIX I 

Technical drawings for Vallbacksskolan are presented in this appendix along with data 

regarding the areas. 

1.1 Wall, roof and floor areas 

Tables X and X show perimeters of walls, height of each floor of the building and walls, 

floors and roof areas for building 1 and 2 respectively. 

Table 1 - Wall, floor and roof areas for Vallbacksskolan hus 1 

HUS 1 Floor height (m) HUS 1 Perimeter(m) HUS 1 Area(m2)

WALLS-FLOOR 1 2.5 331.146 827.865

WALLS-FLOOR 2 3.78 264.869 1001.20482

WALLS-FLOOR 3 3.94 281.286 1108.26684

WALLS-FLOOR 4 3.94 291.36 1147.9584

WALLS-FLOOR 5 3.78 259.53 981.0234

FLOOR AREA 957.513

ROOF AREA 1144.34  
 

Table 2 - Wall, floor and roof areas for Vallbacksskolan hus 2 

HUS 2 Floor height (m) HUS 2 Perimeter(m) HUS 2 Area(m2)

WALLS-FLOOR 2 3.667 256.121 939.195707

WALLS-FLOOR 3 6.333 251.305 1591.514565

FLOOR AREA 2011.87

ROOF AREA 2140.46  

1.2 Window areas 

Tables 3 and 4 present the unit and total areas for windows in Vallbacksskolan hus 1 

and 2 respectively. 

 



Table 3 - Window areas for hus 1 

Window Type Unit Area (m2) Window number Total Area (m2)

1 2,019790 14 28,277056

2 2,291955 36 82,510397

3 6,508100 3 19,524300

4 2,941794 134 394,200396

5 2,941794 17 50,010498

6 1,593600 6 9,561600

7 1,959320 2 3,918640

8 1,440450 2 2,880900

9 7,441200 7 52,088400

10 0,180600 3 0,541800

11(*) 8,675790 1 8,675790

12 0,170000 1 0,170000

13 1,984480 3 5,953439

14 0,446513 10 4,465125

16 0,169880 8 1,359040  
(*) Given the complexity of the glazing, total area for the type is provided 

 

Table 4 - Window areas for hus 2 

Window Type Unit Area (m2) Window number Total Area (m2)

1 1,397000 52 72,644000

2 0,521120 4 2,084480

3 0,446513 12 5,358150

4 1,322356 6 7,934136

5 3,813600 9 34,322400

6 1,322356 28 37,025968

7 4,698900 29 136,268100

9(*) 54,742928 1 54,742928

10 2,307200 5 11,536000

11 5,720400 3 17,161200

12 7,048350 9 63,435150  
(*) Given the complexity of the glazing, total area for the type is provided 

 

1.3 Door areas 

Tables 4 and 5 present door areas for Vallbacksskolan hus 1 and 2 respectively. 

 

 

 



 

Table 5 - Door areas at Vallbacksskolan hus 1 

Door Type Unit Area (m2) Door number Total Area (m2)

1 11,412400 1 11,412400

2 3,794300 1 3,794300

3 2,431000 1 2,431000

4 2,734080 1 2,734080

5 3,575950 1 3,575950

6 2,939400 1 2,939400

7 2,019250 1 2,019250

8 4,484700 1 4,484700

9 3,927825 1 3,927825

10 2,932300 1 2,932300

11 3,148200 1 3,148200

12 1,715875 1 1,715875  

 

Table 6 - Door areas at Vallbacksskolan hus 2 

Door Type Unit Area (m2) Door number Total Area (m2)

1 4,414900 2 8,829800

2 9,114000 1 9,114000

3 19,213750 1 19,213750

4 2,761050 1 2,761050

5 5,526960 1 5,526960

6 4,744300 1 4,744300

7 4,781360 1 4,781360

8 5,440400 2 10,880800  
 

Technical drawings used in this thesis are present in the following order: 

 Vallbacksskolan plan view drawings 

 Roofs of building 2  

 Windows of building 1 and 2 

 Doors of building 1 and 2 

 

 

 

























1 APPENDIX II 

Window classification for solar radiation  

Facades in the building have been classified depending on their orientation, according to 

the criteria followed in the charts that were used for the calculations. This criterion 

establishes the reference orientation of 0º for a wall facing the south; it then gives 

positive values until 180º turning clockwise and negative values until -180º turning on 

the other direction. The positive and negative 180º values are then coincident, and 

correspond to a north-directed facade.  

On the other hand, such charts also separate windows under some kind of shading effect 

from those that are not. Apart from the windows that feature a device specially designed 

for that purpose, the complexity of the building and height differences between the 

buildings leaded to assuming shadowing for the whole east facing facade of the new 

building (as the higher old building conditions radiation fully reaching it) and for the 

north and south facing internal walls (as on-field visual analysis proved that the 

surrounding walls influence them). Figure 1 clarifies the two factors explained above.  

 

Figure 1 - On the left, window orientation criteria; on the right, facades where shadowing effects were 

considered 

Figure 2 shows some of the individual shading gear for Vallbacksskolan, for a clearer 

understanding of what is meant when talking about purpose-designed devices. 

 

 

Figure 2 - Shading devices at Vallbacksskolan 



 

 

Tables 7, 8, 9 and 10 show the classification of windows and glazing according to the 

facade orientation criteria. They have also been separated into the shadowed and non-

shadowed groups.  

Table 7 - Window classification, -30º facade 

Orientation -30º

Non-shadowed Shadowed

Old building

Old2 3,0

Old3 1,0

Old4 19,0 12,0

Old5 2,0 3,0

Old9 2,0

Old10 1,0

Old11 2,0

Old11b 1,0

Old11c 1,0

New building

New1 19,0

New2 2,0

New3 2,0 2,0

New4 1,0

New5(*) 1,5

New6 12,0

New7 12,0

New10 3,0

New11(*) 0,5

Doors

Old 2 1,0  



Table 8 - Window classification, -120º facade 

Orientation -120º

Non-shadowed Shadowed

Old building

Old1 8,0

Old2 30,0

Old3 2,0

Old4 35,0

Old5 4,0

Old6 6,0

Old16 8,0

New building

New1 14,0

New3 3,0

New4 2,0

New5(*) 0,5 1,5

New6 2,0

New7 1,0 4,0

New11(*) 0,5

Doors

Old1 1,0

New1 1,00

New7 1,00  



Table 9 - Window classification, 150º facade 

Orientation 150º

Non-shadowed Shadowed

Old building

Old2 3,0

Old4 12,0 21,0

Old5 2,0 4,0

Old9 2,0

Old10 1,0 1,0

Old12 1,0

Old13 3,0

New building

New1 19,0

New2 2,0

New3 1,0

New4 1,0 2,0

New5(*) 3,0

New6 12,0

New7 11,0

New11(*) 1,0

New12 7,0

Doors

New 5 1,0  

 



Table 10 - Window classification, 60º facade 

Orientation 60º

Non-shadowed Shadowed

Old building

Old1 6,0

Old4 35,0

Old5 2,0

Old7 2,0

Old8 2,0

Old9 3,0

Old11 3,0

Old14 10,0

New building

New3 2,0 2,0

New5(*) 2,5

New6 2,0

New7 1,0

New9 1,0

New10 2,0

New11(*) 1,0

New12 2,0

Doors

Old4 1,0

Old8 1,0

Old9 1,0

New1 1,0

New3 1  

(*) New5 and New11 window types are located in the building corners; therefore, half of each window faces a 

different direction. That is why those type feature decimal numbers 



3 APPENDIX III  

This appendix includes data needed for several calculations that have been done in the 

research. In order of appearance, the following information is attached:  

 Annual and monthly temperature register in Sweden (provided by technical 

supervisor) 

 Duration diagram (provided by technical supervisor) 

 Solar radiation tables (provided by technical supervisor) 

 Calculation factor for windows according to cloudy days (provided by technical 

supervisor) 

 U-values and calculation factors according to sun radiation and depending of 

window type (provided by technical supervisor) 

 District heating invoice (provided by Gavlefastigheter) 

 Tap water invoice (provided by Gavlefastigheter) 
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