
 

 

FACULTY OF ENGINEERING AND SUSTAINABLE DEVELOPMENT 
Department of Building Engineering, Energy Systems and Sustainability Science 

Pedro de Wit Arizón 

2020 

 

 
Student thesis, Master degree (one year), 15 HE Energy Systems 

Master Programme in Energy Systems 
 
 

Supervisor: Nawzad Mardan 
Assistant supervisor: Roland Forsberg 

Examiner: Taghi Karimipanah  
 

 

Energy audit in Ockelbo 

healthcare center 
 

 

Energy use analysis and cost-effective saving measures 
 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Energy audit in Ockelbo healthcare center -  Pedro De Wit Arizón 

 

 

3 

ABSTRACT 

As the world is becoming aware of the impact of global warming reducing greenhouse gases 

emissions presents itself as a fundamental issue in order to avoid the environmental collapse 

and its negative consequences. One of the key points of this challenge it’s to make a 

responsable use of the energy. 

In European countries, buildings sector consumes around the 40% of the total energy use. Thus 

ensuring energy efficiency becomes a vital issue in order to reduce energy usage and its 

environmental impact. 

This master thesis reports on the energy audit made in Din Hälsocentral. The energy use of the 

health center is studied through a heat energy balance from September to May (the months 

when the local district heating network works) with the aim of suggesting cost-effective energy 

saving measures.The study combines information provided by Din Hälsocentral, data 

estimated based on the characteristics of the installations and literature review. 

The energy balance shows that Din Hälsocentral has a heat energy input 595 MWh. This heat 

is received by the health center through district heating, solar radiation and internal heat 

generation while it’s lost through transmission losses, mechanical ventilation losses, 

infiltration heat losses and tap water heating. 

To decrease the energy use five saving measures have been suggested: the substitution of the 

health center windows by more efficient ones, the reduction of the indoor temperature, the 

replacement of the heat exchangers from the mechanical ventilation system, the installation of 

an aerothermal heating system in order to replace the district heating supply and the 

improvement of the roof isolation. 

The implementantion of those different measures would report heat energy savings between 

the 4% and the 63%, having payback periods between 0 and 7 years. However, the viability of 

application of aerothermal heating system in the health center installations as well as its 

maintenance costs must be studied more deeply. 
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Abbreviations 

 

Qgained : Health center heat energy input (MWh) 

 

Qlost : Health center heat energy ouput (MWh) 

 

Qdh : Heat supplied by district heating network (MWh) 

 

Qrad : Heat gained by solar radiation (MWh) 

 

Qint : Heat gained by internal generation (MWh) 

 

Qtrans : Transmissions losses trough walls, roof, floor, windows and doors. 

(MWh) 

 

Qmv : Heat losses for mechanical ventilation. (MWh) 

 

Qnv : Infiltration heat losses (MWh) 

 

Qhtw : Heat supplied for hot tap water. (MWh) 

 

I : Solar radiation per unit area and time for each window orientation  

(MWh/(m2*day)) 

 

K : Absorption factor of each window time 

 

Aw : Area of each window (m2) 

 

Cf : Cloudiness factor for each month 

 

dm : Days of each month (days/month) 

 

U : Value of each kind surface (MWh/(m2*ºC)) 

 

As : Total area of each surface (m2) 

 

qdegree : Measure of the temperature difference during the year ((ºC*h)/year) 

 

s : Number of different surfaces of transmission 
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T1  : Fresh air temperature (K) 
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T3 : Indoor air temperature  (K) 

 

qsupplyair : Volume flow of supply air (m3/s) 

 

da : Density of supply air (kg/m3) 

 

Cpa : Specific heat of supply air (kJ/(kg*K)) 

 

𝜂 : Efficiency value of the heat exchanger  

 

qtap water : Volume flow of tap water being heated  (m3/s) 
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Cpw : Specific heat of the water  (kJ/(kg*K)) 

 

TWout : Temperature of the water going out of the heat exchanger  (ºC) 

 

TWin : Temperature of the water going in the heat exchanger  (ºC) 

 

w : Number of different windows 
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1 INTRODUCTION 

1.1 Background 

Nowadays humanity is facing a big challenge such as climate change. One of the main causes 

of this problem is the rapidly growth of the world energy use which doesn’t only creates 

environmental problems but also supply difficulties and exhaustion of energy resources [1] .  

This energy use is mostly based on fossil fuels which produce big amounts of polluting gases 

every year being the main cause of the global warming. Actually studies defend that their 

demand it’s projected to increase in the upcoming years [2] due to the population growth and 

the increasing demand of energy and transport.  

In order to improve this situation the EU has set many climate-related action such as  EU 20-

20-20 action plan which set the objective of reducing a 20% the greenhouse gas emissions, 

increasing the share of renewable energy to 20% and increasing the energy efficiency 20% [3].  

 

This measures has increased the interest in energy audit over buildings and factories during the 

last years [4]. In the case of the building sector, it uses 40% of the world energy and emites 

over 33% of the global greenhouse gas emissions so it presents a perfect oportunity to reduce 

emissions. [5] 

As part of the European Union, Sweden is one of the countries that are leading this change to 

a more sustainable energy use, making a significant reduction of CO2 emissions, investing in 

renewable energies and improving energy management in industries and households. 

As a country where the weather is cold and people spend 80% of their time indoors [6] the 

majority of the energy is used in space heating a sector where a good isolation must be ensured 

in order to enhance efficiency. 

1.2 Object discerption 

The place were the energy audit will be made it’s called Ockelbo Din Hälsocentral (See Figure 

1), it’s a healthcare center located in Ockelbo, a little village from the Gävleborg county. The 

center have an area of 3282 m2 and it’s part of the Sjöängsgården building where there’s also 

a nursing home, the adress of the health center is Sjöängsvägen 26. 

 

Figure 1 – Din Hälsocentral [7] 
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Ockelbo is located in the east of Sweden, 49 km away from Gävle, the main city of the county 

and it’s 25 km away from the sea, the coordinates of the village are 60°53′N 16°43′E (See 

Figure 2). Temperatures in Ockelbo are extremely cold in winter and moderated in summer as 

in the whole county. The average temperature is 5ºC so the heating demand in the buildings of 

the zone is high. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 – Location Ockelbo [8] 

1.3 Aims of the thesis 

As it’s explained before energy efficiency in buildings it’s something crucial in order to reduce 

the energy use, its costs and the damage it causes to the environment. Even though some 

changes have been made since its contruction, the building where the health center is located 

was built in the seventies so a lot of room for improvement should be found. 

 

The aims of the study will be to make a heat energy balance of the installations understanding 

clearly where the health center is losing and gaining heat, providing to the owner information 

about how the energy is being used. Then several improvement measures for the health center 

will be proposed in order to improve the energy efficiency with costs effective measures. 

1.4 Limitations 

During the development of the work some limitations have been found. Due to the coronavirus 

crisis this work has been entirely made online, specifically from Spain, so it has been 

impossible to visit the building in Ockelbo and making specifical measurements. In order to 

solve that problem some values have been estimated according to the characteristics of the 

building.  

 

In addition, this energy audit focuses only on the use of thermal energy in Din Hälsocentral. 

This is because most of the energy demanded is used for heating. The use of electricity hasn’t 

been taken into account since its demand is low and it presents few possibilities for 

improvement. 

https://tools.wmflabs.org/geohack/geohack.php?pagename=Ockelbo&params=60_53_N_16_43_E_region:SE_type:city(2724)
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2 THEORY 

2.1 Energy Audit 

An energy audit is the study of the energy flow of a system, in this case, the energy flow of a 

building. As it can be seen in the Figure 3, the energy audit is divided in three main parts: 

energy survey, analysis and suggested measures. During the energy survey it’s recovered as 

useful data as it’s possible about the installations studied such as energy use data, energy 

invoices etc.  

 
 

Figure 3 - Steps Energy Audit [9] 

 

Then this data will be analyzed in order to obtain values of the system’s energy flow. The 

stages of analysis and energy survey will be normally related during their achievement as 

during the work of analysis more information will be required to allocate the energy use of the 

relevant processes. 

By last some improvement measures will be suggested along with information about the 

investment required, the annual savings obtained in terms of energy use, economical costs and 

reduction of greenhouse gas emissions. 

 

2.2 Energy Balance 

During the analysis process a heat energy balance have been made in order to understand the 

energy use of the health center. As it’s said in the statement of energy conservation: energy 

can’t be created or destroyed, it only can be transformed to another type. Thus, the same energy 

that go into the health center will go out in order to maintaine the balance in the comfort values 

required. 

In the balance made during the analysis the next factors have been studied. District heating, 

solar radiation and internal heat generation are processes where the health center gains energy 

while it will have losses through transmission, hot tap water heating, mechanical ventilation 

and heat infiltrations. 
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𝑸𝒈𝒂𝒊𝒏𝒆𝒅 = 𝑸𝒍𝒐𝒔𝒕   (Equation 1) 

Where,                        Qgained : Health center heat energy input (MWh) 

Qlost: Health center heat energy ouput (MWh) 

 

𝑸𝒊𝒏𝒕 + 𝑸𝒓𝒂𝒅 + 𝑸𝒅𝒉 = 𝑸𝒕𝒓𝒂𝒏𝒔 + 𝑸𝒎𝒗 + 𝑸𝒏𝒗 + 𝑸𝒉𝒕𝒘   (Equation 2) 

Where,                        Qdh : Heat supplied by district heating network (MWh) 

Qrad : Heat gained by solar radiation (MWh) 

Qint : Heat gained by internal generation (MWh) 

Qtrans : Transmissions losses trough walls, roof, floor, 

windows and doors. (MWh) 

Qmv : Heat losses for mechanical ventilation. (MWh) 

Qnv : Infiltration heat losses (MWh) 

Qhtw : Heat supplied for hot tap water. (MWh) 

 
 

 

2.3 Definition of processes in the energy balance 

 
The explanation of the processes involved in the energy balance and the equations and theories 

used to calculate their values are shown below. 

 

 

2.3.1 District Heating 

 

In order to guarantee the thermal comfort in the building during the cold season, for 

maintaining the balance in a reasonable temperature (around 21ºC) an important amount of 

heat is supplied. 

 

Depending on the building needs different types of heat supply can be found. In this case of 

study the heat is supplied by a local district heating network. An example of district heating 

network can be seen in Figure 4, heat is produced in a central boiler and distributed to the 

different consumption points using a heated fluid. 
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Figure 4 – District Heating Network [10] 

 

 

 

Then the heated fluid will arrive to the radiators of the building and part of the heat contained 

by the fluid will be transferred to the air through the convection process. By last  the fluid 

return through a return pipe to repeat the cycle. 

 

District heating is very common in the nordic countries [11] as it is the main  heat supply 

source. It presents a lot of advantages as it can use a big variety of fuels and can take advantage 

of the waste heat from industry and power plants, increasing efficiency. It reduces the need of 

electricity but especially the peaks in demand. As the electricity demand is peaking at the 

coldest winter days, the district heat networks allow for heat storage. Therefore, district heating 

has an important role for the electricity system as well.  

 

Even though district heating presents big advantages it also presents some limitations, pipe grid 

is costly to distribute in rural area with low population density. There must be a reasonable 

heating demand so that building a heating central is economically profitable. 

 

If we wanted to calculate the district heating supplied to a building we must use the following 

equation: 

 

2.3.2 Solar Radiation  

 

In adittion to district heating solar radiation will strongly contribute to the heating of the 

building, this process is developed naturally. The windows of the building are heated by the 

solar radiation, as the window’s surface temperature increase and surpass the air temperature 

heat is emited inside the building through the convection effect (See Figure 5). 
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Figure 5 – Convection Effect [12] 

 

This heat also will be kept in the building, in the walls, floor and roof and will be release during 

a period of time which will depend on the kind of structure that the building is made of. In 

buildings where the structure is heavy the heat will be kept longer than in buildings with light 

materials. 

 

This solar radiation will vary with the change of the seasons, the weather and the orientation 

and location of each window. For example, the solar radiation will have the lowest value during 

the Winter Solstice while it will have its highest value during the Summer Solstice. The clouds 

will reduce the solar radiation and the windows will receive more radiation the more south-

facing they are. By last the absorption factor of the windows also will be taken into account 

remaining the following equation. 

 

 

𝑸𝒓𝒂𝒅 = ∑ (𝑰 ∗ 𝑲 ∗ 𝑨𝒘 ∗ 𝑪𝒇 ∗ 𝒅𝒎)𝒏=𝒘
𝒏=𝟏   (Equation 3.) 

 

Where,           Qrad : Heat gained by solar radiation (MWh) 

I : Solar radiation per unit area and time for each window 

orientation  (MWh/(m2*day)) 

K : Absorption factor of each window time 

Aw : Area of each window (m2) 

Cf : Cloudiness factor for each month 

dm : Days of each month 

w : Number of different windows 
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2.3.3 Internal Heating Generation 

 

The last source of heat emission considered in this study will be the internal heating generation. 

Even though its weight in heating the building it’s normally much smaller than district heating 

and solar radiation it’s value must be considered. 

 

As solar radiation internal heating generation doesn’t have costs, as it’s produced naturally by 

the humans and the electrical equipment. In this case, the impact of the internal generation will 

be positive as the building studied normally needs to be heated up. In the case of buildings that 

normally need to be cool down this process will have a negative impact, increasing the cooling 

demand, the energy use and its costs. 

 

This heat is emitted by the humans through a physiological characteristic named metabolism. 

Part of the energy that human bodies produce to stay alive is dissipated in form of heat to the 

environment, this quantity of heat flow varies depending on each person features and what the 

person is doing. For example a person will dissipate more heat when is doing exercise than 

when is resting. 

 

As the humans, all the electrical machines tranfer heat to the air during operation even though 

if it’s not the goal of their operation. Depending on their efficiency the machines will emite 

more or less heat, for example a LED light bulb will emite less heat than an halogen light bulb, 

thus LED light bulbs have less heat losses and higher efficiency as it can be seen in the Figure 

6. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 – Heat emited by different kinds of light bulbs [13] 

2.3.4 Transmissions Losses 

 

The heat trasnmissions losses are due to the difference of temperatures between indoors and 

outdoors. This difference enables the heat flow through roof, walls, floor, windows and doors.  

As it happens with solar radiation, heat is transferred more easily through light surfaces such 

as windows and doors where we will see that there are more transmission losses per unit of 

area.  
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In order to obtain the value of the transmission losses we must know the area and the U-value 

of each kind of surface in the building, the total amount of heat lost by transmission will be the 

summation of the product of the area, U-value and degree-hours of each kind of surface found 

in the health center. The degree-hours only depends on the temperature difference so it will be 

the same for all the surfaces. 

 

 

𝑸𝒕𝒓𝒂𝒏𝒔 = ∑ 𝑼𝒏=𝒔
𝒏=𝟏 ∗ 𝑨𝒔 ∗  𝒒𝒅𝒆𝒈𝒓𝒆𝒆  (Equation 4.) 

 

Where,            Qtrans : Heat lost by transmission (MWh) 

U : Value of each kind surface (MWh/(m2*ºC)) 

As : Total area of each surface (m2) 

qdegree : Measure of the temperature difference during the year 

((ºC*h)/year) 

s : Number of different surfaces 

 

2.3.5 Mechanical Ventilation Losses 

 

Air quality it’s very important in every building design as it’s something fundamental for 

people’s health. Research results have demonstrated that air pollution increases mortality and 

reduces human life expectancy. [14] 

 

In close spaces the air quality decreases constantly due to different factors, in order to solve 

this problem mechanical ventilation systems are installed to ensure the quality of the 

environment inside the buildings. 

 

The mechanical ventilation system provides to the building fresh air and extracts the old air 

using a fan, this process needs energy supply and entails energy losses, as heated air is removed 

from the building and replaced by fresh air that must be heated again. 

 

In order to improve the energy efficiency heat exchangers are located in strategic points heating 

up the incoming fresh air with the low-quality air that is being removed from the building as 

we can see in the Figure 7. 
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Figure 7 – Heat recovery in mechanical ventilation [15] 

 

The efficiency of the heat exchanger will be defined by the equation that can be seen below, 

heat exchanger efficiency it’s an important fact in order to ensure the efficiency of the system 

as they avoid the waste of part of the heat removed. In fact, improving heat recovery in 

mechanical ventilation is one of the most common measures used around the world to reduce 

energy use in buildings. [16] 

 

 

 

𝜼 =  
𝑻𝟐−𝑻𝟏

𝑻𝟑−𝑻𝟏
   (Equation 5.) 

 

Where,        𝜂 : Efficiency value of the heat exchanger  

T1 : Fresh air temperature (K) 

T2 : Pre heated fresh air temperature (K) 

T3 : Indoor air temperature (K) 

 

The energy lost by mechanical ventilation can be calculated with the next equation: 

 

 

𝑸𝒎𝒗 =  𝒒𝒔𝒖𝒑𝒑𝒍𝒚𝒂𝒊𝒓 ∗ 𝒅𝒂 ∗  𝑪𝒑𝒂 ∗ (𝟏 − 𝜼) ∗ (𝑻𝟑 − 𝑻𝟏)   (Equation 6.) 

  

Where,           Qmv : Heat lost by mechanical ventilation  (MWh) 

qsupplyair : Volume flow of supply air (m3/s) 

da : Density of supply air (kg/m3) 

Cpa : Specific heat of supply air (kJ/(kg*K)) 
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𝜂 : Efficiency value of the heat exchanger 

T1 : Fresh air temperature (K) 

T3 : Indoor air temperature (K) 

 

2.3.6 Infiltration Heat Losses 

 

The energy lost through infiltrations is lost in the same way than mechanical ventilation, the 

heated air goes out of the building and it’s replaced by the new fresh air. The difference 

between this kind of ventilation and the mechanical ventilation is that this process happens 

without control in a spontaneous way.  

 

This phenomenon is due to the infiltration and exfiltration of air through walls, roofs, windows 

and doors caused principally because of the natural air currents created by the pressure 

difference between indoor and outdoor the building. [17] 

 

If we could measure all the air that leaves the building through infiltration we could calculate 

the losses using the same equation than with the mechanical ventilation losses, assuming than 

the exchanger efficiency is void.  

 

As making that measurement is impossible we must estimate that the infiltration heat losses as 

the value that equales the heat supplied to the building with the heat lost in the building through 

the processes described, remaining the equation below. 

 

 

𝑸𝒏𝒗 =  𝑸𝒅𝒉 + 𝑸𝒓𝒂𝒅 + 𝑸𝒊𝒏𝒕 − 𝑸𝒕𝒓𝒂𝒏𝒔 − 𝑸𝒎𝒗 − 𝑸𝒉𝒕𝒘  (Equation 7.) 

 
 

Where,            Qdh : Heat supplied by district heating network (MWh) 

Qrad : Heat gained by solar radiation (MWh) 

Qint : Heat gained by internal generation  (MWh) 

Qtrans : Transmissions losses trough walls, roof, floor, 

windows and doors  (MWh) 

Qmv : Heat losses for mechanical ventilation (MWh) 

Qnv : Infiltration heat losses (MWh) 

Qhtw : Heat supplied for hot tap water. (MWh) 
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2.3.7 Hot Tap Water Demand 

 

In the health center tap water is heated up by the district heating network. In the energy balance 

we have put this value on the side of the energy losses as we spend the energy gained with the 

district heating in heating up the water that then will leave the building through the pipes. The 

next equation shows how to calculate the amount of energy needed to heat up the tap water: 

 

 

𝑸𝒉𝒕𝒘 =  𝒒𝒕𝒂𝒑 𝒘𝒂𝒕𝒆𝒓 ∗ 𝒅𝒘 ∗  𝑪𝒑𝒘 ∗ (𝑻𝑾𝒐𝒖𝒕 − 𝑻𝑾𝒊𝒏)  (Equation 8.) 

 

 

Where,            Qhtw : Energy demand for hot tap water (MWh) 

qtap water : Volume flow of tap water being heated  (m3/s) 

dw : Density of the water heated  (kg/m3) 

Cpw : Specific heat of the water  (kJ/(kg*K)) 

TWout : Temperature of the water going out of the heat 

exchanger  (ºC) 

TWin : Temperature of the water going in the heat exchanger  

(ºC) 
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3 METHODS  

 

3.1 Energy survey 

In order to make the analysis of the energy use in the health center some data have been required 

during the development of the work. The health center has provided its construction plans and 

consumption data from the building where is located. The rest of the data required have been 

provided by the technical supervisor and estimated by the student. 

3.2 Analysis of support processes  

During the development of the analysis the energy balance have been made. The district heating 

in the health center is supplied from September to May. Thus the energy input and output from 

the health center have been calculated for these nine months. 

3.2.1 District Heating 

 

The heat energy is supplied to Din Hälsocentral  by district heating. No data of the health center 

district heating demand has been given so an estimation of the district heating demand has been 

done based on the center features. 

3.2.2 Solar Radiation  

 

The next value calculated have been the heat gained by solar radiation, this value depends on 

the windows area, the type of  window, the cloudy factor and the solar intensity. The solar 

radiation has been calculated for windows of each orientation each month of the year from 

September to May. 

 

First of all the solar intensity receive by the windows has been calculated. Solar intensity 

received depends on the orientation of the wall [18] where the windows are located. Using the 

map, the angles of the health center can be found as Figure 8 shows. In Din Hälsocentral there 

are four different orientations for the walls, 19 º, 109 º, -71º and -161º. [19] 

 

Then all the windows of the health center have been accounted , using the information from 

the construction plans found in the appendices 7-10. Some changings have been made since 

the construction of the building, Google Maps have been used to identify the number of the 

different types of windows in the health center, more information about these windows is 

shown in the appendix 12.  
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Figure 8 – Orientation of Din hälsocentral [19] 

 

 

In the health center there are 96 windows that have a total area of 195,5 m2. Table 1 shows the 

number of windows of each type, their area, their U-value and the material they are made of. 

To simplify the calculations it has been calcualted an average K factor for all the windows of 

the building, the K value is 0,8. 

 

Table 1 – Number of windows 
 

 

 

Then windows have been classified according to their orientation and if they are in the sun or 

in the shade during the day. The health center plans from appendices 7-10 and Google Maps 

have been used, the position of the windows (sun/shade) have been estimated according to their 

orientation and their position with respect to other walls. The table 2 shows the windows found 

por each orientation and position and their total area. 
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Table 2 – Windows area for each orientation 

 

 

The cloudy factor indicated varies every month, it has been given by the technical supervisor, 

the document can be found in the Appendix 3, it indicates the cloudy factor values for each 

month in Gävle. In the table 3 are shown the values for the months studied in the energy audit. 

 

 

Table 3 – Cloudy factors 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

The solar intensity values have been provided by the technical supervisor,  the document shown 

in the Appendix 2 indicates the solar radiation values for a Latitude of 60ºN. These values are 

indicated for 16 different orientation angles, each month of the year and if the window are in 

the sun or in the shade.  

 

As the angles of the document given don’t match with the orientation angles of the Din 

Hälsocentral’s windows interpolation method has been applied using Excel. Table 4 shows part 

of the solar radiation values, in the white cells it’s shown the values given in the document (see 

Appendix 2) and in the blue cells the values interpolated. 
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Table 4 – Solar Radiation Values 

 

 

3.2.3 Internal Heating Generation 

 

Internal heating generation is the energy emitted by electricity equipment and people that are 

in the health center. Annual heating is calculated as the sum of heat generated by peopole and 

electricity equipment. 

 

-Heat emited by people: 

 

The heat emited by people depends on each person characteristics and the kind of activity that 

are doing. For example, people emite more heat when they are doing intense activities than 

when they are resting. Thus different activities made in Din Hälsocentral have been classified 

according to the amount of heat that people emite when they do them. 

 

The table 5 shows thre degrees of activity, the AMR values have been taken form ASHRAE. 

[20] It’s considered that when they are in the health center the pacients are resting, the reception 

and office workers are considered to make office work and the doctors and nurses are 

considered to make moderate work. The number of workers have been estimated by the student 

as no interviews could have been done. The  table values are the average amount of people that 

there are in the health center 9 hours per day, five days per week during the 39 weeks contained 

from September to May. 

 

 

Table 5 – Internal generation values [20] 
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-Heat emited by electrical equipment: 

 

Electrical equipment it’s something very important in our lives, specially in a health center 

where people’s lifes sometimes depend on electrical machines. These machines and lights 

emite a considerable amount of heat every year, contributing to the heating of the health center. 

As Din Hälsocentral couldn’t have been visited by the student, no accountments of electrical 

equipment have been made. Thus an estimated value has been given by the technical supervisor 

of the annual heat emited by the electrical equipment per square meter annually. The value 

estimated is 10 kWh/m2/year. 

3.2.4 Transmissions Losses 

 

Transmission losses represent the biggest amount of heat lost by the health center every year. 

This heat is lost because of the difference of temperatures inside and outside the center. This 

heat is lost through transmission effect and its values depends on the U-values of the different 

surfaces that delimit the building, the area of the surface and the qdegree value. 

 

In Din Hälsocentral there are 5 different surfaces: floor, walls, roof, windows and doors. Each 

surface has a different area and a different U-value, the U-value is the transmission factor of 

each surface. The average U-value of doors and windows has been calculated using the 

information from the construction plans found in the appendices 12 and 13 and in the table 1. 

The value from roof, floor and walls have been estimated based in the installation 

characteristics. The table 6 shows the values obtained. 

 

Table 6 – U-values for the different surfaces 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The qdegree is obtained from the table found in the Appendix 1 and depends on the average 

annual temperature inside and outside the health center. For the outside temperature it’s been 

used the annual average temperature in Gävle which is 5ºC. It has been obtained from the 

Appendix 4. Applying a temperature inside the building of 21 ºC the qdegree  obtained for the 

whole year is value is 127300 (ºC*h).  



Energy audit in Ockelbo healthcare center -  Pedro De Wit Arizón 

 

 

28 

3.2.5 Mechanical Ventilation Losses 

 

Mechanical ventilation ensures the air quality of the health center, a basic need for people’s 

health. Mechanical ventilation losses depend on the volume flow of the air extracted and 

supplied to Din Hälsocentral and on the heat recovery efficiency.  

 

The supplied air couldn’t have been measured as there was no enough information in the 

construction plans and no measurements could have been made by the student. To calculate 

the mechanical ventilation losses a value of 1,3 L/(s*m2) has been given by the technical 

supervisor. The heat recovery it’s found in the construction plans and have a value of 70%. 

(See Appendix 14) 

 

The fresh air supplied has an average temperature of  2 ºC (Appendix 4), this fresh air is pre-

heated in a heat exchanger where the outcoming air is cooled down. The ventilation system has 

been estimated to work 12 hours per day during the working days and during the vacations to 

be shuttle down. That means a total amount of 2340 hours as we arer takeng into account the 

heat lost during 39 weeks of the year. It has been used a specific heat value for air of 1 

kJ/(kg*K) and an air density of 1,2 kg/m3. The table 7 shows the values used for the 

calculations. 

 

Table 7 – Mechanical ventilation working hours in Din Hälsocentral 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2.6 Infiltration Heat Losses 

 

The value of air replaced by infiltration can’t be measured as this phenomenom happens 

uncontrollably. Thus this value will be calculated as the differences between all the heat gained 

by the healthcare center trough the differents processes described before and all the heat lost 

trough transmission losses, mechanical ventilation and hot tap water demand. 
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In an energy audit normally this value represents between the 5% and the 15% of the energy 

lost by the installation, so the result obatained must be between these values if the data 

recovered and the calculations made are correct.  

 

3.2.7 Hot Tap Water Demand 

 
Other of the basic needs from the health center is the hot tap water demand, in Din Hälsocentral 

tap water is heated up by district heating, this heat energy is lost then when the hot water leaves 

the health center through the pipes so hot tap water demand it’s considered as a part of the 

energy losses. 

 

The monthly tap water demand from the Sjöängsgarden building between 2016 to 2018 has 

been provided by the health center (Appendix 6). Unfortunately other installations apart from 

the healthcenter are found in this building so the tap water demand has been calculated 

according to the area of the health center with respect to the total area of the building obtaining 

a total value for tap water demand of 1229 m3/s as it can bee seen in the Table 8. 

 

Table 8 – Tap water demand in Din Hälsocentral 

 

 
This tap water demand includes cold and hot water, so it’s been considered that one third of 

the tap water demanded is heated from 5ºC to 55ºC. With the values of water density of 1000 

kg/m3 and specific heat of water of 4,18 kJ/(kg*K) used we can calculate the hot tap water 

demand. 
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4 RESULTS  

In this chapter the results obtained in the energy balance are shown. 

4.1 District heating 

As it has been said before the district heating demand has been estimated based on the age of 

the building. The value applied has been given by the technical supervisor and as it shows 

Table 9, it has a value of 150 kWh per square meter per year. As the health center has an area 

of 3282 m2 the total amount of district heating demand is 492 MWh. 

 

Table 9 – District Heating demand 
 

 

4.2 Solar Radiation 

Heat gained by solar radiation has been calculated for the windows of each orientation in the 

shade and in the sun. The next tables indicate the differents amount of heat received through 

solar radiation. 

 

 

Table 10 – Heat supply from solar radiation for an orientation of 19º in the sun 
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Table 11 – Heat supply from solar radiation for an orientation of 19º in the 

shade 
 

 

 

 

Table 12 – Heat supply from solar radiation for an orientation of (-71º) in the 

sun 

 

Table 13 – Heat supply from solar radiation for an orientation of (-71º) in the 

shade 
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Table 14 – Heat supply from solar radiation for an orientation of 109º in the 

shade 
 

 

Table 15 – Heat supply from solar radiation for an orientation of (-161º) in the 

shade 
 

 

 

The table 16 shows the results of the heat input through solar radiation in the different walls of 

the health center. The total amount of heat gained is 58 MWh, as it can be seen most of the 

heat is gained by the windows orientated in an angle of 19º and (-71º) located in the sun, these 

windows receive the 60% of the solar radiation heat. 

 

Table 16 – Heat gained by solar radiation 
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4.3 Internal heat generation 

As it’s explained in the methos internal heating generation is calculated in two parts: Heat 

emitted by people and heat emitted by electrical equipment, this last part includes the heat 

emitted by lightning. 
 
-Heat emitted by people: 

 

The total amount of heat emitted by people it’s calculated with the data shown in Table 17: 

 

Table 17 – Heat emitted by people 

 

The total amount of heat generated by people is 12 MWh of which 5 MWh are emitted by the 

pacients while 1 MWh and 6 MWh are emitted by the office workers and health personnel 

respectively. 

 
-Heat emitted by electrical equipment: 

 

About the electricity equipment it has been estimated a value of 10 kWh of heat emitted per 

square meter per year, that means a total amount of heat of 33 MWh emitted annually. 

 

Table 18 – Electrical equipment heating generation in Din Hälsocentral 
 

 

 

 

 

 

 

 

 

The sum of these two values gives us a total value of 45 MWh of internal heating generation 

per year. 

 

Table 19 – Internal heating generation in Din Hälsocentral 
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4.4 Hot tap water 

According to the estimation explained in the methods chapter the health center has a tap water 

demand of 1229 m3 per year. One third of this water is heated up from 5ºC to 55ºC. Applying 

the data found in the table 20 and using the Equation 9 it’s obtained a total value for heat losses 

of 24 MWh per year. 

 

Table 20 – Energy lost through tap water heating in Din Hälsocentral 

 
 

 

 

 

 

 

 

 

 

 

4.5 Mechanical ventilation losses 

Using the data seen in the Table 21 and applying the Equation 6 it’s been obtained that every 

second  a mass flow of air of 5 kg/s leaves the health center, 30% of the heat contained in this 

air is losed. That means a power lose of  29 kW while the mechanical ventilation is working, 

that suppose a total energy losses of 68 MWh per year. 

 

Table 21 – Energy lost through mechanical ventilation in Din Hälsocentral 
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4.6 Transmission losses 

Table 22 shows the annual heat energy losses from walls, doors, roof, floor and windows 

through transmission. The values shown in the table have been applied to the Equation 4 

obtaining the next results. 

 

Table 22 – Transmission losses in Din Hälsocentral 

 

 
The total amount of heat energy lost through trasmission is 461 MWh, as it shows figure 9, the 

biggest part of heat is lost by the floor and roof followed by walls, windows and doors. 

 

 

 

 

Figure 9 – Transmission losses in each part of the building 

4.7 Infiltration heat losses  

The heat lost through infiltration is calculated using the Equation 7. After introducing the 

values from the rest of the processes is obtained that the amount of heat lost through heat 

infiltration is 42 MWh/year. This represents the 7% of the annual heat energy losses in the 

health center so the heat infiltration losses fit with the predicted range of values between 5% 

and 15%. 
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4.8 Energy balance 

In the picture below the results of the energy balance can be seen, the heat energy input and 

output from September to May is of 595 MWh. 

 

 

Table 23 – Energy Balance of Din Hälsocentral 
 

 

 

 

The biggest amount of heat energy input  is supplied through district heating which represents 

the 83% of all the heat gained by the health center. The center receives the 10% of the heat by 

solar radiation and the 7% by internal heat generation. 

 

 

Figure 10 – Heat energy input in Din hälsocentral 

 

 

 

The main part of the energy losses are due to the transmission factor which represents the 78% 

of the heat lost while mechanical ventilation, infiltration heat losses and hot tap water cause 

the 11%, 7% and 4% of the energy losses respectively. 
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Figure 11 – Heat energy output in Din hälsocentral 
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5 SUGGESTED MEASURES 

The energy use characteristics of the health center are described in the energy balance. In this 

chapter different improvement measures are suggested. The investment needed for their 

application along with their impact in the energy consumption, energy costs and CO2 emissions 

are detailed. 

The impact of the measures described have been calculated taking into account that: 

 The price of the local district heating network energy is 1 SEK/kWh. 

 The price of the electricity is 1,776 SEK/kWh. 

 The CO2 emissions are 14,7 grams/kWh. 

 

5.1 Window substitution 

The first measure proposed is to replace all the windows of the health center by more efficient 

ones. Most of the heat losses in the building are due to transmission, windows represent an 

importante percentage of these losses (16%) and their replacement doesn’t require major 

reforms in the building as it would happen with the replacement, or isolation improvement of 

walls, floor or roof. 

In addition to reducing transmission losses, replacing windows will also reduce heat received 

by solar radiation. Therefore, the energy savings obtained will be calculated as the difference 

between the reduction of transmission losses and the reduction of the heat received by solar 

radiation. 

The windows selected for the replacement are sold by the Swedish company Toolbockx (See 

Appendix 11). Two kind of PVC windows are proposed for the substitution, the first type of 

windows have 3 glass panels each and present a U-value of 1 W/(m2*K). The second type of 

windows have 2 glass panels and a U-value of  1,3 W/(m2*K). Changing the windows type 

also affects to the K factor that will be reduced in both types of windows to the value of 0,7 

something which influences in the heat gained by the building trough solar radiation. 

The investment required for this measure is of 314000 SEK for the 3 glass panel windows and 

254000 SEK for the 2 glass panel windows for replacing all the windows of the health center. 

This price have been calculated choosing an standard window, with an average area of 2,04 

m2. Then the price for all the windows has been calculated. Also it’s been added the cost of the 

window installation, estimating a work price of 1000 SEK for each window. 

As it can be seen in the Table 24 the window substitution will supose annual savings of 43 

MWh for the windows of 3 glass panels and savings of 35 MWh for the window of 2 glass 

panels. The installation of 3 glass panels windows will reduce the annual heating costs in 42600 

SEK and would have a payback period of 7 years while the installation of 2 glass panels 

windows will reduce the costs in 35200 SEK and would have a payback period of 7 years. 
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Table 24 – Substitution of windows in Din Hälsocentral 
 

5.2 Reducing indoors temperature 

The next measure proposes to reduce the temperature inside the building. The temperature of 

the center is 21ºC, reducing it doesn’t need any investment and it would decrease mechanical 

ventilation and transmission losses, reducing the energy use of the health center. 

In the case of mecanical ventilation, the reduction of energy is due to the fact that the difference 

between indoors and outdoors temperatures is lower so the energy lost through the air 

replacement will be lower. The transmission losses decrease because of the new qdegree factor 

which will be lower as as the temperature is reduced.  

To calculate the energy savings produced by this measure, the reduction of energy losses 

through mechanical ventilation and transmission are added. Loss reduction is obtained by 

calculating the difference in energy lost with the current temperature and with the temperature 

of the proposed saving measure. 

Table 25 – Reduction of temperature in Din Hälsocentral 
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Thus, reducing the temperature setting to 20ºC, the energy consumption reduction will be of 

25 MWh with annual savings of 25300 SEK and the CO2 emissions reduction will be of 372 

kg per year while reducing the temperature to 19ºC will decrease the energy consumption in 

51 MWh, the energy costs to 51000 SEK and the CO2 emissions in 749 kg each year. 

As the measure doesn’t require investments the payback period will be zero. As a disadvantage 

the thermal comfort demand could not be satisfied with the new temperature so after the 

implementation of the measure is recommendable to prove that people from the health center 

is comfortable with it.  

5.3 Exchanger substitution 

The third measure proposed it’s to renovate the heat exchangers used for the mechanical 

ventilation. The current heat exchanger is a rotative exchanger that recovers the 70% of the 

heat that would be lost with the air renovation.  

The two heat exchangers chosen for the replacement are counterflow exchangers with a 

efficiency of 84%, that means losing only the 16% of the air heat that would be lost by 

ventilation in place of the current 30%. 

 

Table 26 – Heat recovery substitution in Din Hälsocentral 

 

 

With this substitution the mechanical ventilation heat losses will change from 68 MWh to 36 

MWh which means a total reduction of 32 MWh per year  in the heat energy demand producing 

money savings of 32100 SEK and an CO2 emissions reduction of 472 kg each year. 
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Figure 12 – Heat exchanger model [21] 

 

The heat exchangers are sold by the Spanish company Bikat [21], the model chosen is RCE-

18N-AE (See Figure 12). Each heat exchanger has a power of 16,5 kW and a price of 7600 €. 

The price of both heat exchanger along with the workforce it’s been estimated in 173000 SEK 

so that the investment would be recovered in 5 years. 

Table 27 – Exchanger substitution costs 

 

 

 

 

 

 

 

 

5.4 Aerothermal heat pump 

Aerothermal heat pump extracts the energy contained in the air for different processes such as 

space heating, air conditioning or water heating. Even though it consumes electricity it’s 

considered a renewable energy in Europe, where is playing an imporant role in the EU climate-

related action plans. [22] 

This energy extracted from the air trough an evaporator it’s transferred inside the building by 

a heat pump. This system can be reversible, that means that the heat from the building can also 

be transferred outside in order to cool down the building. 
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Using the air energy allows this system to work with a high coefficient of performance, which 

depends on the climatic zone and is normally higher than 3 [23]. That means that in the case 

that the system has a COP value of 3, the system will need 1 kWh of electricity in order to 

transfer 3 kWh of heat to the space heated up. This performance decreases when the 

temperatures are too low or too high. 

Table 28 – Aerothermal heating pump installation in Din Hälsocentral 

This improvement measure propose to use an aerothermal heat pump to heat up the health 

center and the tap water. In this case, district heating would be replaced by the aerothermal 

heating system. The new system selected must supply a heat energy amount of 492 MWh every 

year. 

The aerothermal heat pumps selected are produced by Toshiba , a Japanese manufacture. The 

system would have 4 heating pumps of 23 kW each and a COP of 4,1. The annual heating 

demand is of 492 MWh that costs 492300 SEK every year as district heating local price is 1 

SEK/kWh. With the aerothermal heat pump the electrical consumption would be of 120 

MWh/year that will cost 213200 SEK every year as the Swedish electricity price is 1,776 

SEK/kWh. 

Table 29 – Heat pump installation costs 
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For the installation four heat pumps with model Estía Alfa Heat Pump [24] are installed, each 

pump has a cost of 11200 €, and an extra price of 10000 € has been estimated for workforce 

and other devices required for the installation of the system. That means that the total price of 

the measure is 581000 SEK, and the payback period would be of 2 years. 

5.5 Improvement of the roof isolation 

The last measure proposes to improve the isolation of the roof, reducing its U-value from 0,47 

W/(m2*K) to 0,28 W/(m2*K) which would reduce the tranmission losses through this surface. 

For it, a new cover for the roof has been chosen. The model selected is named Alphatoit  and 

it is manufactured by the Spanish company Isover [25]. As it shows the Table 30 the investment 

costs required for this measure are 377000 SEK. 

 

Table 30 – Roof isolation improvement costs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to obtain the annual energy savings the difference between the transmission losses 

before and after the improvement of the roof have been calculated. In the table 31 shows the 

results obtained. The improvement of the insulation would decrease the annual energy use in 

54 MWh, reducing the annual energy costs in 53800 SEK and the annual CO2 emissions in 791 

kg year so the investment would recover in 7 years. 
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Table 31 – Savings from improving roof isolation  
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6 DISCUSSION 

6.1 Implementation of measures 

In the table below it’s seen the impact of the different measures proposed. They are ordered 

according to their payback periods which shows how fast the investment made it’s going to be 

recovered. It’s recommended to implement first the measures with the lowest payback period 

unless the investment required it’s too high for the owner. 

Table 32 – Payback periods of the measures 

 

The measure with the lowest payback period is the reduction of the air temperature which 

doesn’t require any investment even though this measure must be applied taking into account 

that it doesn’t affect to the health center pacients and workers needs. 

Aerothermal heat pump presents the highest saving potential of all the suggested measures and 

a very low payback period of 2 years which makes its application totally recomendable even 

though its high investment costs can make this measure impementation less affordable.  

In case the investment required it’s unaffordable, it could be an option to apply this measure 

partially, intalling less aerothermal heating power, that would mean mixing aerothermal and 

district heating supply, reducing the savings but also the investment costs. 

If the measure is wanted to be fully implemented, a professional should verify the viability of 

completely replacing the district heating supply with an aerothermal heating system in the 

health center. Of course, this measure could only be applied when the contract with the district 

heating network ends. 

Heat exchanger and windows substitution require investments of similar amounts but heat 

exchanger substitution must be made first as its payback period is of 5 years versus the 7 years 

required to recovered the investment made by window substitution. On the other hand the 

window substitution presents the advantage that can be applied by stages very easily. 

By last the roof isolation presents a payback period of 7 years, the same period than the 

windows substituion measure but it requires higher investment costs. 
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6.2 Restriction 

An energy balance and improvement measures are presented in this study. During the 

development of this investigation some limitations have been found. 

As it’s said before, due to external facts this energy audit has been held totally online so no 

measures could have been done by the student in the health center.In order to solve this problem 

the next estimation have been done. 

The district heating demand of the health center has been estimated at 150 kWh/m2/year. The 

values of the tap water demand are for the Sjöängsgården building, so the tap demand for the 

health center has been calculated based on the area of the center with respect to the entire 

building. 

The mechanical ventilation demand has been estimated with a value of 1,3 L/s/m2, the indoors 

temperature  as 21ºC and the floor, roof, walls and doors isolation have been estimated 

according to the time when the building was constructed. Also the electrical equipment heat 

generation in the health center has been provided by the technical supervisor, with a value of 

10 kWh/m2/year.  

About the improvement measures, the prices used for the heat exchangers, aerothermal heat 

pumps and roof isolation are prices from the Spanish market. As this prices are from large 

companys with sells in Sweden the prices shouldn’t vary excessively. Workforce it’s also 

estimated, it’s been used high values in ordere to obtain as realistic values as possible. 
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7 CONCLUSIONS 

7.1 Study results 

This master thesis reports on the energy balance made in the health center Din Hälsocentral 

and concludes on four measures to reduce energy use and improve efficiency in a cost-effective 

manner. Those different measures would reduce annual heat energy demand  between 4% and 

63% with and investment that could be recovered between 0 and 7 years as it can be seen in 

Table 33. 

Table 33 – Energy saving measures 

 

In the heat energy balance made the energy input and ouput of the health center has been 

obtained. Every year, from September to May, this health center receives 595 MWh, out of 

which 83% is district heating supply, 10% is solar radiation and 7% is internal heating 

generation. This heat received is lost through transmission losses(78%), mechanical 

ventilation(11%), infiltration heat losses(7%), and hot tap water demand(4%). 

These results define a health center with a high energy use rate of 181 kWh/m2/year which 

presents big margin of improvement as in new residential building in Europe, heating load is 

60-100 kWh/m2/year and 15 kWh/m2/year for the passive hose. [26] 

First of all, lowering the temperature inside the health center  would reduce the energy use at 

no cost and with little impact on pacient comfort. In case the health center sets a target 

temperature one degree below the current 21ºC, energy use would be reduce by 25 MWh. (4%). 

This reduction would account to 9% if the temperature was lowered by 2ºC. 

A second measures consists on installing a aerothermal heating pump and cutting off the 

dependence on the district heating supply. Purchasing and setting this new equipment would 

cost 581000 SEKs with expected energy savings of 372 MWh/year, the 63 % of the annual 

heat energy demand. 

The third measure suggests to replace heat exchangers used to reduce the energy losses 

produced by mechanical ventilation. The new heat exchangers and their installations require 

an investment of 173000 SEK and would reduce the thermal energy use by 5%. 

Replacing the current health center windows with more efficient ones would produce energy 

savings of 35 MWh (6%) if the windows selected have 2 glass panels and 43 MWh (7%) if the 

windows selected have 3 glass panels. The investment required is 254000 SEK for the 2 glass 

panels windows and 314000 SEK for the 3 glass panels windows. 
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By last, improving the roof isolation would lower the annual transmision losses in 54 MWh 

(9%). To apply this measure an investment of 377000 SEK is required. 

7.2 Outlook 

In case the measures suggested in this report are wanted to be applied some recommendations 

must be taken into account by the health center. 

The reduction of Din Hälsocentral temperature must be made taking into account the thermal 

comfort of the workers and pacients, specially the most vulnerable pacients as  temperature 

lowering could put their health at risk. 

The viability of application of aerothermal heating system in the health center installations as 

well as its maintenance costs must be studied more deeply. Enough information has been 

lacking to study these two topics in the thesis. 

7.3 Perspectives 

The measures suggested in this study enable the health center to reduce the energy use and to 

increase its energy efficiency.  

However, in a broader perspective, it also empowers workers of Din Hälsocentral as they are 

being resposable of their own actions making a responable use of the energy, having a positive 

impact on the climate change without depending on the actions of governments and companies.  

This positive impact on the climate change doesn’t affect only to the health center workers and 

pacients but also to the planet and their population, helping to recover the balance between the 

nature and the human action. 
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APPENDIX 

Appendix 1 – qdegree value based on outside and inside temperatures 

 

Appendix 2 – Solar Radiation values in a latitude of 60ºN 
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Appendix 3 – Cloudy factor Gävle 
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Appendix 4 – Monthly average temperatures in Swedish cities 
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Appendix 5 – Windows calculation factors 

 

 

 

 

 

 

 

 

 

Appendix 6 – Tap water demand in Sjöängsgarden building 
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Appendix 7 – Construction plan Din Hälsocentral 1 
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Appendix 8 – Construction plan Din Hälsocentral 2 
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Appendix 9 – Construction plan Din Hälsocentral 3 
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Appendix 10 – Construction plan Din Hälsocentral 4 
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Appendix 11 – Toolbocks windows prices 
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Appendix 12 – Din Hälsocentral windows information 
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Appendix 13 – Din Hälsocentral garageports and ambulance doors 

information 
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Appendix 14 – Current  heat exchanger for mechanical ventilation in Din 

Hälsocentral (Model- Regoterm 31) 
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