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Abstract 
School buildings are a large but heterogenic portion of the non-residential building stock. 
They differ in age, size and to some extent also usage, but can be found more or less 
everywhere. In 2006 there were 22.3 million m2 of school buildings in Sweden with an 
average of 216 kWh/m2 in energy demand (Statens energimyndighet, 2007). This report 
investigates one of these buildings possibilities of environmental improvement. The 
framework of the Swedish environmental certification system Miljöbyggnad is used to 
establish the buildings status and evaluated possible improvements. The certification system 
does not only treat the energy usage of the building but also other important areas within the 
categories of indoor climate and material use. 

This report investigates a school building situated in the north-east corner of Skåne, the 
south county of Sweden. The school consists of a building complex of 8 buildings, five 
attached and three detached. Main use of the buildings are of a gymnasium school for 
students participating their 11-13 year of school. The building were built around the year of 
1970 with a brick wall structure and wooden beam roof. Flat roofs with retracted facades 
coved with windows, high window to wall ratio, tiled floors and copper exterior details 
gives the buildings specific character. 

Assessment of the building show potentials of improvement for energy, interior thermal 
comfort and material usage. With certification levels of Gold, Silver, Bronze and Rated the 
original building has a certification level corresponding to Bronze. Analysing the 16 
checkpoints in the certification system all factors except air quality can be improved. The 
three checkpoints: radon, ventilation and nitro dioxide representing air quality all achieve 
Gold level. 

To increase the buildings environmental performance all three categories of energy, interior 
thermal comfort and material usage needs to be improved. Several measures influence the 
building performance in multi categorise. Energy performance is connected with the thermal 
comfort and material usage needs to be implemented in all performed measures. 

Analyse of the building within the certification system show a potential of environmental 
improvement from bronze level to silver. When looking at checkpoint level there are several 
larger certification improvements within both energy and interior thermal comfort 
parameters. For this improvements both smaller and larger measures are required. 
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Definitions and abbreviations 
Used abbreviations in this report. 

AFS (Arbetsmiljöverkets författningssamling): The Swedish work environment authority´s 
publications, the government agency that states and publish the demands on working 
conditions in Sweden. 

DHW: domestic hot water. 

OVK: mandatory ventilation control. 

SVL: Solar heat loads in W/m2 in Swedish: solvärmelast 

 

Commonly used phrases are stated here to comprehend the intention of this report. 

Atemp: The floor area of a building that is heated to more than 10 ˚C. The definition is stated 
by the Swedish building regulation (Boverket, 2013). 

Boverket: The Swedish national board of housing, building and planning. This is the central 
government authority in Sweden 

Effesus: A European project with focus on energy efficiency and sustainability on EU 
historic districts (Uppsala Universitet Campus Gotland, 2010). 

Facilities /Premises: Used in this report as a mutual name for non-domestic buildings e.g. 
schools, offices and restaurants.  

Gymnasium: The same level of education as a high school, upper secondary school and 
senior high school. Mainly for students that have just finished elementary level in between 
the ages of 16-19. But students can apply to gymnasium until the ages of 20.  

Miljöbyggnad: A Swedish environmental certification system for buildings that also mean, 
literally translated: Environmental building. In this project it is used as the name of the 
certification system. 

Statens energimyndighet: The Swedish energy agency. They work to achieve a more 
sustainable energy use in all sectors, there among the building industry (Energimyndigheten, 
2014). The energy agency is also in charge of statistics regarding energy. 

Swedish Chemical Agency: The organisation in Sweden that is designated by the 
government to control chemicals.  
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1 Introduction 

1.1 Background 

School buildings are a large but heterogenic portion of the non-residential building stock. 
They differ in age, size and to some extent also usage, but can be found more or less 
everywhere. In 2006 approximately 22.3 million m2 was school buildings in Sweden 
(Statens energimyndighet, 2007). A total energy demand for school buildings in Sweden 
was in 2006 216 kWh/m2, year. Public schools are often located in public buildings and the 
public sector could work as a role module to push energy efficient systems forward 
(Persson, Bratt, & Ekelin, 2011). The directives regulating the energy demands in buildings 
are stated by EU and applied in Sweden through PBL (plan- och bygglagen). Both 
regulations for new buildings and renovations are regulated by PBL (PBL 2013:867). PBF 
(plan-och byggförordningen) states how to apply the regulations in PBL and both need to be 
followed by law. BBR (boverkets byggregler) have guidelines how to follow the PBL and 
also additional advice for how to establish a well performed building environment 
(Boverket, 2013). 

The Swedish regulations are developed from the European Union directive 2010/31/EU. 
With this directives, harder demand on energy efficient measurements on existing buildings 
are presented. The demands are required to be implemented but only if they are feasible 
from a technical, functional and economical perspective (EU, 2010). The demands are only 
compulsory if the building is being refurbished to a large extent. A reason for refurbishing a 
building is to maintain the technical demands required by the Swedish regulations e.g. 
weight-bearing and fire protection (Boverket, 2013). For public buildings, refurbishments 
could also be required to fulfil the demands on work environment, stated in AFS 
(Arbetsmiljöverkets författningssamling), e.g. interior climate, change of building layout 
(Arbetsmiljöverket, 2013). 

In the economic recovery plan, the Commission of the European communities conversed to 
the European council, an opportunity of maximising benefits and minimising costs, by 
implementing energy efficient solutions in e.g. the building industry (Commission of the 
European communities, 2008). The EU research project Effesus states that to progress in 
energy efficient solutions for the existing building stock, the urban historic buildings in 
Europe needs to be improved (Effesus, 2012). These buildings are responsible for 4% of all 
energy use and 3% co2 emissions. Many of the developed energy efficient solutions are not 
adapted to be implemented in historic buildings without compromising the preservation of 
its historic values. Effesus (energy efficiency for EU historic districts sustainability) is a 
research project initiated by the European Commission (Effesus, 2012). The project aim to 
develop energy improvements for “historic urban districts”, which is defined as a group of 
buildings built before 1945 that represent the time period in construction or history. The 
project will both focus on individual buildings and districts in the sense of increasing energy 
efficiency without compromising the architectural, cultural, historic and urban values of 
European historic cities.  

Research within the areas of energy efficiency, schools and historic buildings are performed 
on national level as well as European. The Swedish energy agency (Energimyndigheten) has 
a research project called “Spara och bevara” with the purpose of increasing the knowledge 
of energy efficient solutions in culture protected buildings (Uppsala Universitet Campus 
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Gotland, 2010). Between 2006 and 2014 two project periods have developed and transferred 
knowledge within the field. A knowledgebase has been gathered to contribute to a long-term 
sustainable development with refurbishments of cultural protected buildings. 

The Swedish Association for Building Preservation, Byggnadsvårdsföreningen, works for a 
more sustainable building culture by collecting information, publishing a periodical, 
arranging seminars and other activities e.g. restoration camps (Byggnadsvårdsföreningen, 
2014). More projects and reports have been executed and published within the area of 
energy efficiency and maximisation of a buildings performance e.g. “Bästa inneklimatet till 
lägsta energikostnad”, that treats the possibilities of a well functional indoor climate without 
high energy cost (Forslund & Forslund, 2012). 

A presentation and checklist of energy efficient solutions for school buildings are presented 
in a Swedish publication “Vägen till energieffektiva skolor” distributed by the Swedish 
Association of Local Authorities and Regions (Persson, Bratt, & Ekelin, 2011). The 
publication treats the area of building refurbishment measures that can give a reduction of 
energy use and in addition the areas of operational optimization, maintenance and new 
technology. The organization has also published a wide range of reports within all areas that 
affect their members and can be of help in their work. Among this reports the area of energy 
efficiency and regional owned buildings e.g. schools and health care centres are explored. 

 
Figure 1.1: Statistics on average energy use in buildings containing premises from 2005 to 2012 (Statens 
energimyndighet, 2013). Energy for electrical heating, heating and domestic hot water is included.  

The statistics on energy use in premises (e.g. schools, restaurants, stores) show an uneven 
distribution over the last eight years (Statens energimyndighet, 2013). As presented in 
Figure 1.1 the energy use for heating and domestic hot water, DHW, has not obtained a 
decrease in the average energy use for the buildings included in the category premises. The 
statistical base is corrected for yearly weather change. 
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Figure 1.2: Distribution of energy use in school buildings for the year of 2006 (Statens energimyndighet, 2007). 
Presented values are the average energy use per area in kWh/m2Atemp. 

In a study performed in collaboration between the Swedish energy agency 
(Energimyndigheten) and the Swedish national board of housing, building and planning 
(Boverket) statistics focused on school buildings are compiled (Statens energimyndighet, 
2007). The study shows an average 292 kWh/m2 in total energy use for 2006 with the 
included factors presented in Figure 1.2. The largest fraction of energy is used in the 
building is for heating and DHW (domestic hot water). In 2006 the average energy use for 
heating and DHW was measured to 216 kWh/m2, the same factors was measured to 246 
kWh/m2 in 1990. For the total electricity use in the building, both operational and building 
electricity has from 1990 to 2006 increase by 15 % (Statens energimyndighet, 2007). 

 
Figure 1.3: Frequency of six different areas of problems in investigated school buildings (Statens 
energimyndighet, 2007). 
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Previously mentioned study on energy use in school buildings also contained statistics 
regarding common problems with the building and its indoor climate (Statens 
energimyndighet, 2007). As shown in Figure 1.3 the most common building problem was 
moisture issues that presented itself in 80 % of the studied buildings. Moisture can both 
affect the structures properties and lead to bad indoor climate. Also problems with lighting, 
indoor air quality and the thermal climate was evident in more than 50 % of the buildings.  

To evaluate a buildings energy and environmental performance a certification system can be 
used (Heincke & Olsson, 2012). The interest to certify a building has increased during the 
last years and so also the number and complexity of certification systems. Two well 
established systems are BREEAM and LEED, developed in the UK and USA respectively. 
Also a system developed in Sweden for the Swedish circumstances and conditions is 
established nationally. The systems rate energy and environmental parameters within the 
building in different extent and detail e.g. interior comfort, energy usage, sustainability and 
re-use of materials.  

1.2 Aim and goal 

The existing building stock, especially buildings built before the renewed building code in 
May 2011, use more energy and/or do not fulfil the required thermal comfort expected by a 
building today. To preserve these buildings whilst improving the energy demand the thermal 
comfort and energy use need improvements.  

The aim of this project is to evaluate an environmental certification system for assessing and 
improving existing school buildings without minimising the cultural value of the building. 
This will be implemented by evaluating the school building “Kullagymnasiet” in Höganäs 
and finding its environmental performance according to the Swedish certification system 
“Miljöbyggnad”. Assessment and improvements will be performed in the following 
categories:  

 Energy performance 

 Indoor thermal comfort 

 Environmental impact through chemical substances 

The projects overall intention is to provide a sustainable approach for energy efficient 
solutions of school buildings. 

 

1.3 Scope and limitations 

This study will focus on one school building that will represent resembled buildings with 
equal building structure and user behaviour profile. A status assessment will be performed 
on this building to establish the buildings possibilities and limits of improvement. The 
results of the assessment will be evaluated for its possibilities if adaptation to similar 
buildings. 

The improvements on the building are limited to be analysed based on computer simulations 
due to the lack of possibility of measuring in the buildings after the improvements. 
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The main focus for the study will be on analysing energy efficiency solutions from an 
environmental perspective, taken into account the impact on the building from a moisture 
and sustainable angle. No load-bearing assessments will be performed for the suggested 
improvements to the building structure. 

To establish the buildings energy and environmental performance the boundaries set in the 
Swedish certification system Miljöbyggnad will be implemented.  

Culture heritage aspects of buildings will be studied in an overall perspective but no other 
social aspects of building refurbishment will be dealt with in this project. 
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2 Methodology 
Initially a literature survey will be conducted to gather a perception of the state-of-the-art 
within the area. The main focus will be on technical reports, publications and literature from 
resource institutes, schools, agencies and organizations. 

Information about the building “Kullagymnasiet” in Höganäs is provided of the property 
management office at Höganäs municipality. Information about the building is investigated 
in the municipality archive in old reports and drawings. Also some information about the 
building has been published in literature work. Drawings and technical specification for the 
current building are analysed and used to establish the buildings opportunity for 
improvement. 

Simulations for the current conditions and the impact of energy improvements are carried 
out for energy and thermal comfort performance. 

Boundary´s and levels for evaluation of the energy and environmental performance are set 
by the certification system Miljöbyggnad. The certification system is studied in literature, 
manuals and during a one-day course to be used for evaluating the buildings performance in 
energy, indoor environmental quality and chemical substances. This system is chosen for its 
adaption to the Swedish conditions and its simplicity. Miljöbyggnad is an environmental 
certification system that involves 16 credits regarding energy, interior climate and materials 
(Heincke & Olsson, 2012). This gives a broader certification than an energy certification 
system but is not as complex as more internationally established systems e.g. LEED and 
BREAM. By using Miljöbyggnad the buildings performance can be compared to the 
demands stated by Swedish regulations and rules. The lowest certification level (bronze) in 
Miljöbyggnad corresponds to these demands.  

Evaluation of the existing building is performed first to establish a base level. Improvements 
are there after based on where they are needed and an evaluation of the building with 
improvements is performed. 

To assess the moisture condition of the building an on-site moisture inventory is performed 
in the 15th of April together with an inventory consultant (Svennberg, 2014). The result of 
the inventory is stated in chapter 3.4. During the inventory the opportunities ventilation by 
opening windows is documented. 

A listening test is performed on two occasions in the building to assess the buildings sound 
levels during operational with surround noise and also during the spring break when large 
parts of the building is not in use. Also frequent users of the building are communicated to 
at these occasions to establish their experiences for the buildings performance. 
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2.1 Investigated building 

The building in Höganäs is used to establish an energy saving potential and evaluate the 
effect on the interior climate. Höganäs is a municipality in the north section of Skåne that is 
the south region of Sweden, as shown with a black ring in Figure 2.1. 

 
Figure 2.1: South Sweden map with Höganäs municipality marked with a black ring  (Gaba, Sweden relief 
location map, 2014). 

Höganäs follows the coast line were Öresund meets Kattegat close to the Danish coast 
(Eniro/Krak. Lantmäteriet/Metria, u.d.). It is situated 20 km north from Helsingborg and has 
a similar climate. The two cities are close together as latitude and longitude present in Table 
2.1. The city Höganäs is low dense with open spaces and few high-rise buildings. 
Table 2.1: Latitude and longitude for Helsingborg and Höganäs (distancesfrom, 2014). 

City Latitude/ ˚ Longitude/ ˚ 

Helsingborg 56.05 12.69 

Höganäs 56.20 12.56 

 

Analyse of the weather data for Helsingborg show an average temperature of 8 ˚C over the 
year and an average relative humidity of 74 %. Based on an analysis performed in the 
simulation program Autodesk Ecotects weather tool. By performing the analysis on the 
Helsingborg weather file small deviations can occur compared to Höganäs. The fluctuation 
in both temperature and relative humidity for Helsingborg over a year is shown in Figure 2.2 
in comparison with the average values. 
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Figure 2.2: The monthly and yearly average temperature and relative humidity for Helsingborg, results from 
weather tool in Ecotect. 

The average radiation over a year is 4007.42 Wh/m2 in Helsingborg. The variations over the 
months are as presented in Figure 2.3. 

 
Figure 2.3: The average daily radiation over a year in Helsingborg, results from Ecotect weather tool. 
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The wind speed is greatest from the south-west and also most frequent as shown in 
the dark areas in Figure 2.4 during most of the year. In the winter the stronger winds 
come from the north but also more from the south than during the rest of the year. 
 

 
Figure 2.4: Prevailing wind frequency in Helsingborg presented in hours, from Ecotects weather tool analysis. 

The building called “Kullagymnasiet” is 11,360 m2 and is used as a gymnasium (high 
school) for education in e.g. electricity and energy, commerce and administration, natural 
science, social science and technology (Höganäs municipality, 2013). It is situated in the 
municipality of Höganäs, south-east from the city centre, approximately 600 meters from 
the seaside as shown in Figure 2.5. In the direct surroundings to the school buildings are low 
dense areas such as parking, Skate Park and green areas with a few trees. One of the main 
roads of the municipality follows the west side, east a low building area is situated, in the 
south industrial area and to the north a gas station followed by four floor residential 
buildings surrounds the school grounds.  
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Figure 2.5: Map over agglomeration of Höganäs city in scale 1:5000 showing the city centre and 
Kullagymnasiets (Höganäs Municipality, 2014). 

The school building called “Kullaskolan” was originally built for student attending their 7-9 
year of Swedish school, elementary school (Ranby, Småstadens struktur och arkitektur, 
2011). It consisted of three two floor building bodies (A-, B- and C-building) linked 
together with pergola covered lanes and drawn by architect Erik Magnusson for the firm 
Arton. The first finished building was in use from 1968 and all three buildings were in use 
by the year after (Sjöstrand, 2011). Additionally to these buildings was building D with the 
gym and building J with the school kitchen. Also one floor buildings E-I contained lecture 
rooms and administration offices were constructed (Höganäs municipality, 1993). The 
layout was as presented in Figure 2.6. 

 
Figure 2.6: Illustration of the layout of the original buildings of Kullaskolan in Höganäs. 
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At the end of august in 1993 a fire due to arson affected the school and the buildings G, H 
and I containing lecture rooms for needlework, domestic science and art class were burned 
down and building F was partly damaged (Sjöstrand, 2011). A decision was made to 
reorganize the school structure in Höganäs municipality and “Kullaskolan” was reformed in 
to “Kullagymnasiet” a gymnasium, for students that wanted to study more than at 
elementary level. The buildings were adapted to new demands and buildings A, B, C and F 
were built together with glazed construction parts and a new G building drawn by Michelsen 
architect (Michelsen arkitekter, 1996). The gymnasium has been in use since 1997 without 
any large changes (Sjöstrand, 2011). The J building was in 2001 complemented with a new 
industrial kitchen for use in e.g. chef educations, this space is currently not in use. The 
current site layout is as presented in Figure 2.7. 

 
Figure 2.7: Site plan of Kullagymnasiet in scale 1:2000 (Höganäs Municipality, 2014). 

The activities of the gymnasium school does not fill the buildings spaces. Other school 
formations use the facilities. This is mainly adult educations and Swedish lessons for 
immigrants. All regular activities of the school buildings are with in normal office hours but 
occasionally individual lecture rooms can be lent for evening events. Today the spaces in 
the buildings are used as presented in Table 2.2. 
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Table 2.2: Stated present usage of Kullagymnasiet´s rooms. 

Building Use 

A Lecture rooms incl. computer rooms and 
science lab 

B Lecture rooms incl. computer rooms 

C Lecture rooms incl. computer rooms 

D Sport centre 

E Lecture rooms incl. computer rooms 

F Administration and school nurse offices 

G Atrium, entrains, computer rooms, library 

J School canteen, industrial kitchen 

 

Kullagymnasiet is ventilated with supply and exhaust room diffusers with heat recovery in 
the AHU (air handling unit). The heat exchanger in the unit is a rotation heat exchanger with 
a temperature efficiency of up to 84 % (Swegon, 2014). The different AHU are presented in 
appendix A. 

The AHUs from Swegon are accessed through servers presenting values for temperatures, 
RH, air flows and heat exchange efficiency. Also the units’ settings are controlled through 
the server. Statistics gathered from the servers on efficiency of the heat exchanger show an 
average of 82.5 % for the building in total. The statistics is collected during the first week of 
April with an exterior temperature between four and ten degrees. Each unit’s average is as 
presented in Figure 2.8. During the period of collection the AHU in building G show a 
higher exterior temperature than the rest and also as presented a lower efficiency. The 
average efficiency without considering the AHU in building G gives a result of 86.7 %.  

 
Figure 2.8: Average values of the efficiency for the heat recovery in the ventilation systems. The average is 
calculated from read values in the control system from Swegon for the ventilation. 

0

10

20

30

40

50

60

70

80

90

100

A A B C C C E G

Efficiency,η /%

Building

Average
AHU
Average
total
Average
excl. G



 
Master Thesis for Building physics and Building services, LTH 

 20 

A hydronic radiator system heats the buildings at Kullagymnasiet (Andersson, 2014). The 
radiators are mainly situated below the windows and are distributed in all rooms. 
Adjustments of the system can be done both on each central and locally on each radiator. 
Kullagymnasiet is connected to the district heating system of Höganäs municipality. Most of 
the energy in the district heating system is waste heat from the industry company Höganäs 
AB (Höganäs Energi, 2014).  

Florescent lighting tubs cover most of the buildings lighting needs in all spaces. In the office 
areas where administration and teaching personal have a personal working area the lighting 
tubs are supplemented with local work desk lamps. The caretakers of the buildings are 
replacing the exciting lighting tubs and bulbs as they break for more energy efficient 
alternatives. In all common areas of the school the lighting systems are regulated with 
occupancy sensors with timers.  

2.2 Cultural heritage 

Kullagymnasiet was considered an important building complex when it was inaugurated 
(Ranby, 2014). The buildings cultural heritage values lay in the original idée of the 
architects, it has taken its place in the environment. Kullagymnasiet is drawn by the 
architectural firm Arton and its design was considered ground-breaking. With the different 
building bodies linked together with pergola, the brick façade, high ratio of windows, flat 
roof, strong pine beams and clinker floors the building creates its character. School 
buildings were traditionally built in big blocks and compared to that this school had a 
slender impression. 

Kullagymnasiet was not the only buildings that Arton architects used this trait of character 
on and Arton was a well-respected firm in modern architecture (Ranby, 2014). Margareta 
skolan, a school building in Helsingborg, was built at the end of the 1950s and had the same 
impression. This school was later demolished under objection due to the buildings 
considered cultural heritage. 

The city Hall in Höganäs, design in 1961 and the newer parts of Höganäs museum also 
possess some of this characteristics which strengthens the architectural and cultural 
importance in Höganäs city (Ranby, 2014).  

There is no official cultural protection on the buildings Kullagymnasiet and city curator 
Henrik Ranby considers the buildings being in the danger zone. Mostly older buildings are 
considered when establishing an official cultural protection and new buildings are not 
usually renovated in the extent that it loses its character but the buildings in-between these 
consideration boundaries can easier lose its impression (Ranby, 2014). Last year the city 
hall in Höganäs was renovated and Henrik would have liked to have seen a larger 
consideration to preserving the interior environment in the building. He finds the renovation 
of the citizen housing building in Eslöv being a good example of a renovation with 
consideration to preserving the building in a well performed way. 

From Henrik’s own experience from habiting the museum building he knows of the 
problems with warm summers and cold winters reaching in through the buildings envelope. 
He believes that with the help of an architect and well thoughtful solutions the buildings can 
be genteelly adapted to a more energy efficient and environmental sustainable future. 
Among the difficulties lays the will and understanding of keeping the architects original 
idea and value of preserving the buildings functional properties and to a larger extant 
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recycle and re-use building materials (Ranby, 2014). It is of course important to not use 
materials that can have a negative effect on the environment and also try and phase out the 
existing materials with the same influence. 

2.3 Status assessment 

To evaluate the buildings environmental performance, criteria and levels needs to be 
established. Due to the rising interest in these areas in the building industry a number of 
certification systems for buildings have been developed (Sweden Green Building Council, 
2012). The Swedish Green Building council manages the Swedish developed certification 
system “Miljöbyggnad”. The status assessment on the building surveys, measurements, 
calculations and simulations will be done as illustrated in Figure 2.9. 

 
Figure 2.9: Illustration of the workflow for status assessment. 

2.4 Certification systems 

The chosen certification system of this project is the Swedish system, Miljöbyggnad. The 
different levels of classification in the system are Bronze, Silver and Gold (Sweden Green 
Building Council, 2011). If the building does not apply to the lowest level, bronze, the 
building will be ‘rated’. Miljöbyggnad assessment manual describes the process of 
certification, this is a document that evolves and updates for improvements of the system. 
The manual is divided up for different building types as premises, residential but also 
between existing and newly built buildings. 

Miljöbyggnad takes in consideration of parameters in three different categories: energy, 
indoor environment and materials (Sweden Green Building Council, 2012). Within these 
categories 16 checkpoints are specified. What each checkpoint examines is presented in 
Table 2.3 firstly for existing buildings and secondly the deviation when certifying a new 
construction of a building. 
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Table 2.3: Presentation and description of checkpoints for the certification system, Miljöbyggnad for existing 
buildings and deviation for new buildings. 

Nr. Checkpoints Description for existing building Deviation for new building 

1 Energy use The energy use in kWh/m2, LOA 
(rentable area) of the building 
including: heating, DHW (domestic 
hot water), cooling and building 
related electricity. 

The energy use is measured in 
kWh/m2, Atemp (heated area). 
Shall be verified through 
measurements during 12-
month period within 24 month 
of the buildings date of 
finishing. 

2 Heat peak load The maximum power need in W/m2, 
Atemp calculated or simulated without 
the benefits of solar and internal 
gains. 

Verification in the finished 
building of the assumed 
conditions used in the 
calculation 

3 Solar heat load, 
SVL 

Solar heat gains in W/m2, Atemp that 
create a cooling need. 

Verification in the finished 
building of the assumed 
conditions used in the 
calculation. 

4 Energy mix A grade for using renewable energy 
sources. The proportion of energy in 
different energy categories weighted 
after environmental impact. 

Verification in the finished 
building by measuring over a 
period of 12-month 

5 Noise reduction Problems with sound that are not 
caused by the activity in the building 
e.g. ventilation system, traffic. 
Evaluation with sound classification 
categories from Swedish standard or 
by a listening test. 

Verification in the finished 
building depending on the 
level of classification. 

6 Radon The risk for high levels of radon and 
how it is handled in the construction 
measured in Bq/m3 

- 

7 Ventilation 
standard 

An overview of the ventilation 
systems principle and functionality 

- 

8 Nitrogen dioxide The quantity of pollutants (μg/m3) 
from traffic and other combustions in 
the air indoors. 

- 

9 Moisture safety Evaluation of moisture damages and 
moisture safety of the construction. 

Both the construction, the 
building and the planning of 
the building is being evaluated 
from a moisture perspective. 
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10 Thermal comfort 
winter 

According to a simplified method TF 
(transmissions factor) or PPD 
(predicted people dissatisfied) the 
indoor climate during winter is 
evaluated. 

Shall be verified in the 
finished building.  

11 Thermal comfort 
summer 

According to a simplified method 
SVF (solar heat factor) or PPD 
(predicted people dissatisfied) the 
indoor climate during summer is 
evaluated. 

Shall be verified in the 
finished building. 

12 Daylight How much daylight that can be 
benefited in the room. Evaluated with 
the daylight factor or proportion of 
windows. 

Shall be verified in the 
finished building. 

13 Legionella DHW temperature and system 
evaluates from the perspective of the 
risks for legionella. 

Shall be verified in the 
finished building. 

14 Documentation of 
building materials 

Do not apply to existing buildings For future use and knowledge 
of what materials the building 
contains. 

15 Phasing out the use 
of hazarded waste 

Do not apply to existing buildings To limit the use of hazards 
materials evaluated by the 
Swedish chemical inspection, 
KEMI. 

16 Decontamination of 
hazarded waste 

The presence of hazarded waste in 
the building. 

Do not apply to new buildings 

 

All checkpoints are assessed from found information and results from performed surveys, 
measurements, calculations or simulations. Figure 2.10 show the method of the performed 
assessment. Due to the lack of information and possibility of measurement equipment 
checkpoint nr 13 legionella will not be assessed according to the regulations of the 
certification system. 
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Figure 2.10: Scheme showing the method for the checkpoints to achieve a status assessment. 
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3 Measurements and on-site assessment 
To analyse the current conditions of the building, measurements were performed on-site. 
Measurements were instantaneous for when they were performed but was used to 
characterize the building over time. The measurements are affected of the surrounding 
prevailing circumstances as outdoor temperature, air velocity, activity in the building and so 
on. User experiences of interior climate issues on the second floor in building C were used 
as a starting point to find places where to perform measurements (Andersson, 2014). 

3.1 Airtightness 

Two airtightness tests were performed in one of the typical classrooms at Kullagymnasiet. It 
was performed before and after a measure of tightening around the classrooms windows. 
The first test was performed on the Monday (2014-02-17) before the tightening and the 
second on the Friday (2014-02-21) after the measurement was completed.  

The aim of the airtightness tests was to evaluate the performed measure of tightening around 
the windows. If the measurement decreased the leakage in the building and by how much. 

The test was achieved by creating an over and under pressure in the room with the blow 
doors method. Measuring the air flow over the fan whiles a pressure difference between 
inside and outside is established was performed to estimate the leakage in the room 
(Blomsterberg, 2009). The air flow was measured at every 5 Pa pressure difference from 
around 60 Pa to 30 Pa. 100 measuring point were monitored for each pressure difference. 
By setting the fan to cruise mode and an under pressure of 50 Pa between the room and 
exterior conditions both thermal images and trace smoke gave visual documentation of air 
movement. Trace smoke were used during the pressure test performed after the window 
sealing measure. The performed window sealing measure is presented in Figure 3.1. 

Actions were taken to concentrate the measurements to the leaks through the buildings 
envelope by minimizing the internal leakage. The supply and exhaust diffusers was sealed 
with plastic and tape. Also openings e.g. doors to the surrounding rooms were sealed.  

The room is situated in the north part of building C and has a west facade with four 3.2 m2 
windows and nine 0.7 m2. The total window area is representing 45 % of the facade.  
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 Moved the existing insulation around the 
windows further in the construction. 

 

 

 Complement with more mineral wool insulation 
where there is space or/and added a rubber 
sealant where it possible. 

 

 

 Finished the insulation layer with elastic 
sealants. 

 

 
  

 Exchange the window sills where they were cracked. 
Figure 3.1: Description of the performed window seal measure between the airtightness tests. 

3.1.1 Tools 
The airtightness tests were performed with a Blower door Minneapolis standard 
system including frame, panel, fan, pressure gauge and the computer software as 
presented in Table 3.1. The layout of the equipment during the tests is as illustrated 
in Figure 3.2. The used trace smoke is RFA bottled smoke. 
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Table 3.1: Used equipment during airtightness test including accuracy of blower door measuring components 
(Blower Door GmbH, 2013). 

Blower Door Minneapolis system with frame and panel Accuracy: 

 Fan (with rings A-E) Minneapolis ±4-5% 

 Pressure gauge DG-700 ±1% 

 Software Tectite 3.1 - 

 

 
Figure 3.2: Arrangement of equipment during airtightness tests. 

3.1.2 Input data 
For the two airtightness tests the building related input data were the same, as presented in 
Table 3.2. 
Table 3.2: Input data for airtightness test. 

Volume 231 m3 

Floor area 58.6 m2 

Surface area 103.6 m2 

Standard EN 13829 

Samples per station 100 

Fan adjust rate 0.5 

Target tolerance 2.0 

Building high pressure 90 

Barometric pressure 101325 Pa (standard) 

 



 
Master Thesis for Building physics and Building services, LTH 

 28 

Additional input data concerning weather conditions is entered as presented in Table 3.3.  
Table 3.3: Weather data input for airtightness tests. 

Test day Monday Friday 

Indoor temperature (˚C) 14.5 19 

Outdoor temperature (˚C) 4-6 4-6 

Wind class 5 Fresh Breeze 3 Gentle breeze 

Building wind exposure Partly exposed building Partly exposed building 

 

3.1.3 Uncertainties 
An airtightness test is influenced of the surrounding conditions, which leads to uncertainties 
when comparison between the two performed tests in this study. With a more gentle breeze 
during the second test in comparison with a more intense wind during the first can present 
reason for the variations in the results. The strong wind in the first test leads to the tests 
being performed with the exterior air flow being measured from the adjacent corridor that is 
exposed to exterior conditions through open windows. Measuring through the building 
equalize the exterior conditions for the fan to stabilise and measure the pressure difference. 

The avoidable differences between the conditions for the tests were aimed to be 
accomplished to limit the uncertainties between the tests. The uncertainties for both tests 
were: 

- Tightness of ventilation ducts and the plastic covering the diffusers 

- No clear view of connection of interior wall between the room and hallway 

- Interior door from classroom to group room was tightened with plastic in the door 
frame but was leaking between the frame and wall. Hard to tighten due to brick wall 
with uneven surface and cords next to the door frame. 

- The ventilation and electrics inlet to the room were foamed that limits the air 
leakage through this, hard to estimate the size of leakage through these openings. 

- Closed ventilation during the weekend gave altered conditions in the room since the 
tests was performed a Monday and a Friday.  

- Exterior climate differences. 

3.1.4 Results 
The performed air tightness tests result in two average air leakages through the rooms’ 
surface area. They were as presented in Table 3.4.  
Table 3.4: The air leakages through the rooms’ surface area, an average from test results of pressurization and 
depressurization. Results of the airtightness test. 

Before After Improvement 

6.02 l/(s·m2) 5.84 l/(s·m2) 3 % 
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The trace smoke used at the second airtightness test show air movement at the building 
envelope. At the windows frames and sashes the air moves further in to the room as shown 
in Figure 3.3.  

Figure 3.3: Trace smoke used during the air tightness test is realised along the window frame. The smokes 
movement has a tendency inwards and up, corresponding to expected exterior air movement at an air leakage. 

3.2 Thermal images 

Thermal images were performed in the building to evaluate possible air leakage and thermal 
bridges. By analysing temperature differences on thermal images probable thermal bridges 
can be established. The created conditions during an airtightness test presented a good 
opportunity to perform thermal images. During the created under pressure in the room, cold 
exterior air pass in through gaps and leakage points in the envelope. By performing 
comparison on thermal images before the test and during, any increase of cold areas is a 
sign of air leakage. 

Thermal images were performed during the two performed tests presented in chapter 3.1 
with the aim of analysing the influence of the performed window measure. This establishes 
if and to what extent the measurement can improve the thermal comfort of the room. 

3.2.1 Tools 
The thermal heat camera used for the thermal images was a Flir E60bx camera with the 
accuracy of ±2 ˚C or ±2% (Flir, 2014). Also the software ThermaCam Researcher Basic 2.8 
SR-1 was used for image analysis.  

3.2.2 Input data  
The thermal images were taken when the room was depressurized to 50 Pa leading to colder 
outdoor air leaking in through cracks in the building envelope. Table 3.5 shows the 
temperature and wind conditions during the tests.  
Table 3.5: Temperature and wind conditions for the thermal images. 

Test day Monday Friday 

Indoor temperature /˚C 14.5 19 

Outdoor temperature /˚C 4-6 4-6 

Wind Strong Calm 
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3.2.3 Uncertainties 
Different temperatures of the radiators during the two testes gave difficulties comparing the 
results from the two occasions. The sun that entered the room during the afternoons of the 
test days heated the exterior part of the window and also the area of interest for the analysis. 
Sun shined in to the room in the afternoon due to that the windows were facing west. The 
sun increased the temperature on the surrounding surfaces to the windows. 

3.2.4 Results 
Both visible indications of thermal bridges and air leakage were evident in the thermal 
images. All thermal images and short explanations can be found summarized in appendix E 
of this report. The windows in themselves are thermal bridges, with a lower interior 
temperature than the rest of the building envelope. As evident in Figure 3.4 and Figure 3.5 
the window frames and sashes of both the openable and fixed windows are thermal bridges 
with as low temperature as approximately 4 ˚C.  

 
Figure 3.4: Thermal bridges at opening window, 
both around the window frames and at the 
connection between window and wall. 

 

Figure 3.5: Thermal bridges around the fixed 
windows, both at the frame and connection to 
exterior wall. 

Not only is the window area in the buildings envelope emitting heat but also structural 
connections as the flat roof and weight-bearing columns in the walls. Figure 3.6 show the 
low temperature at the column and wall connection and Figure 3.7 temperatures around 5˚C 
along the flat roof. 

 
Figure 3.6: Thermal bridge at connection between 
weight-bearing column and exterior wall. 

 
Figure 3.7: The roof structure acts as a thermal 
bridge, transporting cold exterior air into the room. 
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Due to previously mentioned change in exterior conditions during the test day, evaluation of 
potential air leakage becomes more uncertain. As apparent in Figure 3.8 and Figure 3.9 the 
exterior side of the window was heated by the sun. Figure 3.9 is taken during the pressure 
test and shows a larger area of colder temperatures then Figure 3.8 which is before the 
pressure test. This is a sign of air leakage at the window frames. Due to the heating of the 
sun, evaluation of air leakage at the window sash is not feasible. 

 
Figure 3.8: Thermal image of the corner of the 
window, after sealing measurement. Colder 
temperature around the window frame. 

 
Figure 3.9: Increase of cold area on interior side of 
the window during depressurization, indicating air 
leakage. 

Also the area of colder temperature at the column and wall junction increased at 
depressurization as presented in Figure 3.11 compared to Figure 3.10. This suggests that the 
colder temperatures at the junctions are due to air leakage throw the building envelope and 
not because of thermal bridges. 

 
Figure 3.10: Colder areas are window and 
window frames but also in the mid-section at the 
junction between weight-bearing column and 
exterior wall. 

 
Figure 3.11: During depressurization the cold mid-
section, the junction between weight-bearing column 
and exterior wall, increase. This indicates air leakage. 

Several opportunities for improvements in the buildings envelope can be detected on the 
thermal images. The thermal bridge at the junction between the wall and ceiling effects both 
thermal comfort and energy use. Due to the colder temperature at ceiling height in the class 
room convection can create a draft that can be perceived as uncomfortable for occupants of 
the room. Also cold radiation from the ceiling and exterior walls can affect the interior 
climate in the room. With low surface temperatures the discomfort can often be 
compensated for with the heating system. This increases the energy demand for the room 
and there is a risk that it is still not sufficient to give comfort. 
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3.3 Thermal comfort 

Measurements were performed simultaneously on two locations in the building and one 
exterior, facing east. The devices will measure air temperature and relative humidity, RH. 
Also air velocity will be measured at the same interior locations at the time that the logging 
devices are placed. The simulated results were evaluated and compared to registered data 
from the ventilation system. 

3.3.1 Tools 
The air velocity was measured with a Swema Air anemometer set to measure between 0-3 
m/s with a calibration performed 2004-12-07. The range and accuracy were as presented in 
Table 3.6. 
Table 3.6: Range and accuracy for the anemometer (Swema AB, u.d.). 

 Range Accuracy  

Air velocity 0-3 m/s ± 0.05 m/s at 10 ˚C-30 ˚C 

 

For the temperature and RH measurements HOBO tools from Onset are used. Onsets 
software HOBOware were used to program the devices and to read the results. The logging 
devices were HOBO data loggers U12-013 with built in temperature and RH sensors with 
range and accuracy according to Table 3.7. The logging devices were tested before the 
measurements were performed on site. Results from the test are presented in appendix F. 
The test was performed to evaluate the logging devices variations. The chosen devices from 
the test were the once that show similar results to give an opportunity to compare the 
measured data. 
Table 3.7: Range and accuracy for the data loggers U12-013 (Onset, 2013). 

 Range Accuracy 

Temperature -20 ˚C to +70 ˚C ±0.35 ˚C (between 0 ˚C and 50 ˚C) 

RH 5 % to 95 % ± 2.5% typical and 3.5% max (between 10 and 90 
%) 

 

3.3.2 Input data 
Two rooms in the building complex of Kullagymnasiet were chosen for the thermal comfort 
measurements. The rooms were selected due to their different usage and complexity to 
achieve good thermal comfort. Room properties were as presented in Table 3.8 with both 
rooms on the second floor but in two different buildings. Room C209 is representative to 
several rooms in the complex, Kullagymnasiet, with a typical lecture room layout and size. 
With the facade facing west the room is more exposed to the prevailing winds in the area. 
The other room, G202, is a computer room with high internal gains. No external walls but 
adjacent with wall and interior windows to a two floor high interior atrium where solar 
radiation penetrates the room.  
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Table 3.8: Room presentation for thermal comfort measurements.  

Room  C209 G202 

Floor Second Second 

Facade orientation West No exterior facade 

Usage Lectures Computer lectures 

The devices were set to measure temperature and RH during twelve and a half days, starting 
at midnight the 16th of April and ending at 1pm the 21th of April. Values were measured 
every one minute. From the 16th to the 22nd of April the students attending the school were 
on holiday leave. The devices measured the temperature and relative humidity in the rooms 
when they were not in use in the beginning of the test but also during a typical mid-semester 
week at the end of the test. The usage of the rooms are shown in Figure 3.12. As the 
schedule present, the room in the C building was frequently used for lectures from morning, 
around 8, till 3 pm. For the computer room in building G the usage was significantly less 
with only a few lectures per week. 

 
Figure 3.12: Schedule for the two lecture rooms at Kullagymnasiet where measurements on the interior thermal 
comfort were measured (Höganäs municipality, 2014).  

Air velocity was measured in the same two lecture rooms as temperature and RH. The 
measurements were performed at the closest workplace to supply and exhaust ducts. 

3.3.3 Uncertainties 
The logging devices were placed hanging from the roof in the centre of both measured 
rooms. These readings were considered representative for the room in average. Common 
reasons for uncertainties in the results were: 

- Uneven usage of the building, as shown in Figure 3.12. 

- Variant number of people 

- The anemometers calibration was overdue. 
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3.3.4 Results 
In Figure 3.13 the measured temperature can be read.  In the beginning of the test, when the 
spaces were not in use the variation between day and night were smaller than during the test 
period when the rooms were occupied. Room C209 had larger variations over 24 hours with 
higher temperature peaks than room G202 which had two lower peaks per day most days. 

 
Figure 3.13: Measured exterior and interior air temperatures at two locations in the school building 
Kullagymnasiet. 

Figure 3.14 present the measured relative humidity, RH. 

 
Figure 3.14: Measured exterior and interior relative humidity at two locations in the school building 
Kullagymnasiet. 
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The air velocity is measured in the lecture room on the second floor in building C as 
presented in Figure 3.15.  

 
Figure 3.15: Air velocity in m/s measured in the lecture room on second floor in building C. 

The air velocity was measured in the computer room on the second floor in building 
G as presented in Figure 3.16. 

 
Figure 3.16: Air velocity in m/s measured in computer room on second floor in building G. 
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3.4 Moisture inventory 

The certification system Miljöbyggnad includes a checkpoint criteria for moisture safety 
(Swedish green building council, 2012). This means that the building should be evaluated 
from the perspective of specified moisture risk constructions as well as the presence of 
moisture damages. 

3.4.1 Tool 
The inventory was carried out with the directives and aids provided in the certification 
manual for Miljöbyggnad. Specific constructions were analysed due to a higher risk of 
moisture damages. The given moisture risk constructions from Miljöbyggnad is: 

- Waterproofing in wet rooms 

- Waterproofing for the roof and terraces 

- Water pipes 

- Extra insulated loft floor 

- Ventilated loft 

- Flat roof with interior roof drainage 

- Outdoor air intake in crawl space 

- Slab on ground with interior insulation 

- Function of draining water from the building 

- One-step sealant facade with moisture sensitive materials. 

An overall inventory of the whole building was performed to establish the presence of 
moisture damages. 

3.4.2 Input 
The moisture inventory of the buildings components with special focus on risk constructions 
was performed on-site as an ocular inspection and performed by two persons. The exterior 
conditions on the day of the inventory were clear blue sky and around 10 degrees. Traces of 
water were visible from rain during the night and the inventory was carried out during over 
midday on the 15th of April. 

3.4.3 Uncertainties 
The largest source of uncertainties in the moisture inventory was the areas that were not 
accessible for ocular inspections. Not having access to all areas gives a risk that additional 
moisture problems not detected during the performed inspections could occur. 

With moisture related issues being influenced by the current exterior conditions the 
inventory had limitations in evaluating the risk constructions. More damages or in larger 
scales could become evident with rougher climate conditions e.g. extensive rain or wind. 
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3.4.4 Result 
Moisture damages were evident in the building (Svennberg, 2014). Two risk constructions 
were affected by traces of moisture, being the basement and the roof. The walls and floor in 
the basement had clearly noticeable moisture damages as presented in Figure 3.17. On the 
interior side of the flat roof section, traces of moisture are visual on the wooden beam 
structures in several places in the building.  

  
Figure 3.17: Basement wall and floor (left) that show moisture damages and the roof wooden beams (right). 

The placement of the trace indicate that the moisture source was at the junction between the 
flat roof and retracted facade on the roof structure due to leakage in the structure or at the 
windows in this part of the structure as shown in Figure 3.18. 

 

 
Figure 3.18: General structure and layout of the buildings of Kullagymnasiet with roof structure showing.  
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When the specified moisture risk constructions were analysed the conclusions were as 
presented in Table 3.9. The areas that were available to inspect seemed to performing in a 
satisfactory way from a moisture perspective. The added moisture risks in the buildings 
were analysed to be the partly interior drainage pipe system and the ground slab. 
Table 3.9: Risk constructions from a moisture perspective and the evaluation of their risk from the performed 
moisture inventory. 

Moisture risk constructions Result from moisture inventory 

Waterproofing in wet rooms The waterproofing seems well preformed with 
welded vinyl floors, protective tiles on the walls 
and visual water pipes. 

Waterproofing for the roof and 
terraces 

At visual inspection the waterproofing on the roof 
and terraces seems to be in good condition. Small 
water gatherings are noticeable but no not seem to 
cause moisture problems. 

Water pipes The water pips visible for inspection are relatively 
new and in good condition. 

Extra insulated loft floor The buildings do not have any lofts. 

Ventilated loft The buildings do not have any lofts. 

Flat roof with interior roof drainage The drainage system is partly inside and partly 
outside.  

Outdoor air intake in crawl space The building do not have any crawl spaces 

Slab on ground with interior 
insulation 

Exist in some parts of the building but belong to 
the basement. 

Function of draining water from the 
building 

The possibility to analyse the risk of the drainage 
system is limited. 

One-step sealant facade with 
moisture sensitive materials. 

The original buildings do not contain any moisture 
sensitive materials and the parts from 1990 are not 
one-step sealant. 

 

3.5 User survey 

For six of Miljöbyggnads checkpoints the experience from the users of the building should 
be weighted in for the possibility the highest certification level. To achieve this, a survey 
should be performed. A questionnaire was handed out to students and teachers frequently 
using the school. Three locations in the school were chosen by reasons of their geographical 
situations, purposes and known risk zones for low quality of the interior climate. The 
questionnaire was performed on voluntaries requested on-site.  
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3.5.1 Tools 
The user questionnaire provided by the certification system Miljöbyggnad was used for the 
survey. It contains 11 questions, eight related to six of the checkpoints and three general 
questions to establish the statistical sample. The questions are translated and stated in Table 
3.10. For the original question in Swedish see appendix H. 
Table 3.10: Miljöbyggnads survey with question and which checkpoint in the certification system the question is 
related to. 

Nr. Question Checkpoint 

1 How do you experience the heat comfort in general at 
your personal workplace during the summer season? 

Nr 11, thermal comfort 
summer 

2 How do you experience the heat comfort in general at 
your personal workplace during the summer season? 

Nr. 10, thermal comfort 
winter 

3 How do you experience the air quality in general at your 
personal workplace? 

Nr. 7, ventilation 

4 How do you experience mildew odour at your personal 
workplace?  

Nr. 9, moisture 

5 How do you experience the daylight conditions in 
general at your personal workplace? 

Nr. 12, daylight 

6 How do you experience the noise environment in 
general at your personal workplace? The question regard 
both sound and sound level 

Nr. 6, noise reduction 

7 Have during the last three months experienced health 
problems like itch/burn/irritation in your eyes, 
irritation/blocked/running nose, huskiness/ dry throat, 
cough or dry/blushing skin in your face and that you 
believe this could be related to the interior climate at 
your personal workplace? 

Nr. 9, moisture 

8 If you have allergies like asthma, hay fever, allergic 
rash, how does your personal workspace influence 
these? 

Nr. 9, moisture 

9 On what floor is your personal workspace situated? General 

10 How old are you? General 

11 What gender? General 

 Comments General 
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3.5.2 Input 
The survey was performed on two following days in April with the exterior conditions 
stated in 

Table 3.11. Two of the chosen lecture rooms were selected due to user expressed 
deficiencies in the interior climate. The third room was chosen due to its different layout and 
conditions. All three questionnaires were performed in rooms that are situated on the first 
floor of the building. The first floor is less protected from the exterior weather conditions 
than the ground floor. 
Table 3.11: Surrounding weather conditions when the survey was performed. 

Date 28th of April 29th of April 

Classroom G202 C209/B203 

Participants 18 20/17 

Time Around 1pm Around 11am/ around 12am 

Weather conditions Sunny Sunny 

Sky Clear blue Clear blue 

Wind W/NW 1-3 m/s W/NW 2 m/s 

Temperature, morning 8 ˚C 9 ˚C 

Temperature, mid-day 18 ˚C 17 ˚C 

Temperature, afternoon 14 ˚C 15  ˚C 

 

The distribution of participants in the user survey is as presented in Figure 3.19. As shown 
the age span of the survey is not well distributed. With 93% of the participants being 24 
years or younger, large age groups are not statistically represented in the survey.  
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Figure 3.19: Percentage distribution of participants showing the gender and age. 

3.5.3 Uncertainties 
The analysis of the results should be performed with regard for uncertainties in the 
conditions for the performed survey, as stated below: 

- The statistic sample is narrow with the survey performed on the same floor of the 
building and with mainly people from the same age category.  

- The participants in the survey belong to small social groups, which could cause to 
one’s opinion spreading to others. 

- The used questionnaire has been developed by Miljöbyggnad and is not specifically 
developed for school buildings. 

3.5.4 Results 
The results of the performed survey are presented for each given question of the 
questionnaire. Presented diagrams show the percentage of each response option divided into 
the participant rooms presented in chapter 3.5.2. The given percentage above each response 
option column is the total response percentage for all three locations. 
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Figure 3.20: Answer frequency to question number 1: How do you experience the heat comfort in general at 
your personal workplace during the summer season? The percentage is the total share of the answers for the 
question for all rooms. 

Figure 3.20 shows that more than half of the total participants felt that the thermal comfort 
during the summer period was good or very good. Looking at the responses divided into 
rooms, the same trend is noticeable for the room in the building G. For the room in building 
C, the answers are more equally distributed and the B building has a peak at a level of 
acceptable for the buildings thermal climate during the summer period. 

 

 

 
Figure 3.21: Answer frequency to question number 2: How do you experience the heat comfort in general at 
your personal workplace during the winter season? The percentage is the total share of the answers for the 
question for all rooms. 
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Thermal comfort in the school building during winter season was experienced worse than 
during summer. The answers were spread over all response alternatives with higher 
frequency for the right side of Figure 3.21. 

 
Figure 3.22: Answer frequency to question number 3: How do you experience the air quality in general at your 
personal workplace? The percentage is the total share of the answers for the question for all rooms. 

The air quality was in general experienced as acceptable or good, as presented in  
Figure 3.22. A total of 16 % experienced the air quality as bad, especially in the room in 
building C. 

 
Figure 3.23: Answer frequency to question number 4: How do you experience mildew odour at your personal 
workplace? The percentage is the total share of the answers for the question for all rooms. 

On the question if the participants experience mildew odour, only a few answered 
sometimes and none experience it often, as shown in Figure 3.23. 
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Figure 3.24: Answer frequency to question number 5: How do you experience the daylight conditions in general 
at your personal workplace? The percentage is the total share of the answers for the question for all rooms. 

Only 7% experienced the daylight conditions to be worse than acceptable, as presented in 
Figure 3.24. The majority of bad daylight conditions were experienced in the room in 
building G. Both the room in building B and C show a high level of daylight conditions. 

 

 
Figure 3.25: Answer frequency to question number 6: How do you experience the noise environment in general 
at your personal workplace? The percentage is the total share of the answers for the question for all rooms. 

Answers to the question regarding the noise environment, 84 % gave the response 
acceptable, good or very good as presented in Figure 3.25. For the room C209, a higher 
percentage gave the answers acceptable and bad. 
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Figure 3.26: Answer frequency to question number 7: Have you during the last three months experienced health 
problems and that you believe this could be related to the interior climate at your personal workplace? The 
percentage is the total share of the answers for the question for all rooms. 

64 % of the participants of the survey had rarely or never experienced health issues that they 
believe could be related to the building as presented in Figure 3.26. Also evident is a higher 
frequency for ‘yes’ responses in room C209. 

 
Figure 3.27: Answer frequency to question number 8: If you have allergies like asthma, hay fever, allergic rash, 
how does your personal workspace influence these? The percentage is the total share of the answers for the 
question for all rooms. 

A high frequency of non-allergic participated in the survey as presented in Figure 3.27. Of 
the participants with allergies 92% answered that their workspace do not improve or impair 
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4 Simulation 
Several simulation tools has been used in this report and the most of them use weather files 
as a reference to the surrounding conditions. The weather files are limited to the locations 
that weather data is collected and the closest accessible weather file to Höganäs is 
Helsingborg that will be used in this project. Helsingborg is situated 25 km south from 
Höganäs. The two cities are similar placed along the west coast line exposed to the sea 
Oresund. Höganäs further up the cape from Helsingborg not being as protected from strong 
winds by Denmark as Helsingborg is. 

4.1 Thermal comfort 

Thermal comfort in a building can be estimated by using the statistical method PPD that 
stands for predicted people dissatisfied. This measuring will give an estimation of how 
many users in a room that are dissatisfied at a certain temperature, air velocity and RH. The 
given result is the percentage of people dissatisfied due to the given circumstances in the 
room and the activity and clothe level of the users. 

4.1.1 Tools 
To calculate the predicted people dissatisfied (PPD) the simulation program TeknoSim will 
be used. There are several simulation programs and calculation tools that handles PPD, 
some with easy access online. An example of this kind of tool is mentioned in the manual 
for Miljöbyggnad and accessed on Healthy Heating’s website (Healty Heating, 2012).  

TeknoSim is chosen in this study due to good accessibility to the program and the 
possibility of specifying input values to the conditions in the investigated rooms. 

4.1.2 Input data 
TeknoSim uses weather data to simulate the exterior conditions. For the simulation in this 
report the weather file for Malmö was used. For the construction of the building components 
the most equal construction in the database in TeknoSim were chosen. The known 
conditions for the existing building were emulated as far as possible with 3-pane clear glass 
windows, interior dark solar shading devices, schedule, operating time and internal heat 
gains that are as presented earlier in this report. The input values for temperature, ventilation 
rate, air velocity and heating systems were set according to monitored data from the 
building’s systems and presented in Table 4.1. The stated infiltration of 0.17 ach/h was 
calculated from the result from the airtightness test. Activity rate and clothing level were 
chosen in TeknoSim from assumptions of user behaviour for winter and summer season. 
Simulations in room C209 are performed without a cooling system for both seasons. Room 
G202 have a cooling device that was assumed to be on between 11 and 15 during summer 
season. This simulation is simulated for a date during the school semester and not in a 
typical summer day due to the fact that the school is not regularly used during this period. 
For room G 202 TeknoSim calculated a dimensioning date for the cooling system and this 
date was being used for the summer season simulations. 
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Table 4.1: Input data for thermal comfort simulation. 

Room C209 G202 

Season Winter Summer Winter Summer 

Supply air temperature/ 
˚C 

20 20 19.3 19.3 

Infiltration/ (ach/h) 0.17 0.17 0.17 0.17 

Ventilation/ (l/s) 2500 2500 1330 1330 

Ventilation non-
operational/ (l/s) 

0 0 0 0 

Average air velocity/ 
(m/s) 

0.7 0.7 0.11 0.11 

People 20 20 12 12 

Activity rate/ met 1.2 1.2 1.2 1.2 

Clothing level/ clo 0.7 0.7 0.7 0.7 

Simulation Dimensioned 
outdoor 

winter 
temperature 

15 April Dimensioned 
outdoor 

winter 
temperature 

15 April 

 

4.1.3 Uncertainties 
Due to the complexity of each individuals experience of its surrounding climate 
uncertainties could be hard to define. PPD calculations are the results of the given static 
input data and are based on statistical investigations. Factors with large effect on the results 
are activity rate and clothing level, factors that varies over the seasons and also for each 
person. 

The average values calculated from the performed measurements were based on the 
schedule set for the rooms. No further investigation into how well the schedule is correct or 
how high the student presence during classes were made. The precision of the measuring 
equipment and the accuracy of the data collected in the ventilation system are stated under 
chapter 3.3. 

A factor to consider when PPD-calculations are performed is that not all variables are taken 
into consideration and some simplifications are necessary. With the limit of specifying 
windows on internal walls or direction those walls influence of secondary solar gains are not 
evaluated. Simulation for winter season do not take in the effect of thermal bridges or air 
leakage in the buildings envelope. 
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4.1.4 Results 
TeknoSim shows the results for the PPD calculation for the summer season as a graph and 
for the winter season a value. Table 4.2 summarizes the results for both seasons. 
Table 4.2: Simulation results of the PPD from TeknoSim. 

Room C209 G202 

Season Winter Summer Winter Summer 

PPD 10 % 28 % 10 % 20 % 

 

The predicted percentage dissatisfied are slightly higher in the computer room for both 
winter and summer season. The building seems to have a more satisfying interior thermal 
comfort during winter season than during summer season. 

4.2 Solar transmittance 

To establish how the building were affected of solar heat gains the windows and solar 
shading devices are simulated to see their weighted g-value. All lecture room windows in 
the school building have blinds that are dark blue pull-downs. In the rest of the building the 
solar radiation protection varies from different sort of blinds to windows with solar 
protection treatment.  

4.2.1 Tools 
The simulation program ParaSol v6.6 was used for the calculation of the weighted g-value 
of the window and solar shading device. ParaSol is developed by the division of Energy and 
Building Design department of architecture and built environment at Lund University´s 
institute of technology. 

4.2.2 Input data 
Two lecture rooms were simulated. The first room is situated on the ground floor with 
windows facing south and the other room is on the second floor with west orientated 
windows. Both rooms have dark blue pull-down blinds for all exterior windows. Properties 
of the windows and the solar protections were evaluated from the known facts of the current 
conditions and equal products in the software are used in simulation see Table 4.3. Material 
properties for the solar shading device were taken from a manufacturer of a similar product 
(Luxaflex). The input values for room dimensions, orientation and structures see appendix 
B. 
Table 4.3: Chosen window and solar shading device in the simulation program ParaSol. 

Properties G-value 

Triple clear glazing with air in the gaps 0.691 

Dark blue pull-down blind 0.391 
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4.2.3 Uncertainties 
Simplifications and limitations in the simulations program were: 

- Windows merged into one big in each room 

- Centre window placing in the walls 

- Average room height for second floor room that has a tilted interior roof 

4.2.4 Results 
The weighted yearly g-value based on the monthly average for windows and solar 
protection devices are as presented in Table 4.4. 
Table 4.4: Weighted yearly average g-value for the window and solar shading devices in the two simulated 
lecture rooms. 

Floor Weighted g-value 

Ground 33.3% 

Second 32.2 % 

 

Further variations of the g-value over the year are presented in Figure 4.1 together with the 
yearly average. 

 
Figure 4.1: The average monthly and yearly g-value for the windows and solar shading device together at 
Kullagymnasiet. 
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4.3 Daylight factor 

The daylight factor, DF, was simulated in the building for approximation of the use of 
daylight. Simulations are analyzed both from how much daylight that can reach inside the 
building but also what the usage of the building are with different levels of daylight. Areas 
with no individual workspaces and computer rooms do not have the same need and usage of 
a minimum level of light and are therefore not compared with the daylight criteria in 
Miljöbyggnad. 

4.3.1 Tools 
Daylight factor is simulated in the program Radiance with the use of the interface Design 
builder. The building’s layout and structure is built up in Design Builder with all conditions 
stated.  

4.3.2 Input data 
Simulations are performed at a level of 800 mm from the horizontal level of each floor. The 
buildings geometry model were setting the conditions for the simulation. For daylight factor 
calculations the sky model of an overcast sky with an illuminance level of 10000 lux is 
used. More detailed settings are stated in Table 4.5. The model and other input data in 
design builder are presented in appendix G. 
Table 4.5: Settings for daylight factor simulation in design building. 

Working plane height/ m 0.8 

Sky model CIE overcast day (10000 lux) 

Grid min-max/ m 0.050-0.20 

Ambient bounces 20 

Ambient accuracy 0.25 

Ambient resolution 256 

Ambient divisions 512 

Number of ambient super-samples 256 

 

4.3.3 Uncertainties 
The programs limitations on handling indirect daylight interacting between interior areas 
through openings and interior windows are questionable. 

4.3.4 Results 
The results of the daylight factor, DF, simulations are presented in Figure 4.2 and Figure 
4.3.  
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Figure 4.2: First floor of Kullagymnasiets building A-C and E-G with illuminance and DF levels. It is the results 
from simulation in radiance, illustrated by Design Builder. 

 
Figure 4.3: Second floor of Kullagymnasiets building A-C and G with illuminance and DF levels. This is the 
results from simulation in radiance, illustrated by Design Builder. 
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4.4 Energy 

The building total energy demand was monitored by Höganäs municipality. For evaluating 
the possibility of decreasing the demand calculations were performed on the impact of 
selected energy effectivity measures. Also the power need was evaluated. 

4.4.1 Tools 
Steady state formulas were used to perform the calculations on the energy and power 
demand improvements. The formulas used are the same as the ones in the certification 
system Miljöbyggnad. 

4.4.2 Input data 
All known information about the buildings of Kullagymnasiet was used in the calculations. 
The buildings envelope structure, heat storage capacity and area, the ventilation settings, 
infiltration and indoor temperature. Exterior conditions as average temperature was used for 
Höganäs but the dimensioned exterior winter temperature, DVUT, was used for Lund. This 
is the closest location with known DVUT. 

The evaluated energy efficient measurements were: 

- Decreased insulation layer in the roof structure 

- Decreased U-value for the windows to 0.9 (from 1.2) 

- Decrease of window area. Taken away the area of the windows on the retracted 
façade. 

- Decreased U-value for the buildings glass facade and roof windows. 

A calculation with all suggested energy efficient measures was performed to evaluate the 
improvement possibility. The suggested improvements are assumed to have a positive 
impact on thermal bridges and air tightness of the building. A final calculation was 
performed with the impact of the assumptions included.  

4.4.3 Uncertainties 
By using a steady state calculation not all variables were taken into consideration. No 
internal gains or solar heat gains was encountered for.  

Several assumptions were necessary due to lack of information about the actual conditions. 
The building envelope´s structure was known but not material properties for each layer, heat 
storage capacity and thermal conductivity which were estimated. Air tightness in the 
building was assumed to be the same over the whole envelope as the result from the air 
tightness test presented in chapter 3.1. 

The U-value of the windows was assumed to 1.2 even if this is the measured u-value for the 
glass and not for the total area. This was done to avoid overestimation of the energy saving 
potential. 
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4.4.4 Results 
Figure 4.4 presents the calculated reduction for the selected measurements. Each 
measurement has a saving potential, especially the increase of insulation of the roof 
structure. The final calculation shows a reduction of almost 25 % for the buildings energy 
demand and power demand. 

 

 
Figure 4.4: Saving potential for selected energy efficient measurements. 
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5 Status assessment result 
The existing building archives the level of Bronze certification in Miljöbyggnad according 
to the criteria in the assessment manual 2.1. The following subchapters outline the 
assessment.  

5.1 Certification of existing building 

The reason for the Bronze is due to how well the containing checkpoints were met. The 
checkpoints are presented below with comments for the certification levels also see Table 
5.1 for summarization.  
Table 5.1: Summarization of the assessment of the certification level for the existing building. 

Checkpoint Aspect Area Building 

1. Energy Use Silver Energy use Silver 

Energy Bronze 

Bronze 

2. Heat peak 
load Bronze 

Power 
requirement Rated 

3. Solar heat 
load Rated 

4. Energy mix Bronze Energy mix Bronze 

5. Noise 
reduction Bronze Noise 

reduction Bronze 

Interior 
climate Bronze 

6. Radon Gold 

Air quality Gold 7. Ventilation Gold 

8. Nitro dioxide Gold 

9. Moisture risk Rated Moisture Rated 

10. Thermal 
comfort, winter Silver 

Thermal 
comfort Rated 

11. Thermal 
comfort, summer Rated 

12. Daylight Bronze Daylight Bronze 

13. Legionella Bronze Legionella Bronze 

16. 
Decontamination 

of hazardous 
waste 

Bronze Occurrence Bronze Material Bronze 
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1. Energy use 

 

To achieve a certification level of Silver in this checkpoint for a school the energy use needs 
to be lower than 170 kWh/m2 (LOA), year. For the next level (gold) the energy use needs to 
be measured to lower than 130 kWh/m2. As presented in Figure 5.2 the energy use for 
Kullagymnasiet lays within this span. 

The existing buildings energy use has been monitored since 2009 by the municipality in 
Höganäs and statistics has been collected and are as presented in Figure 5.1. The electricity 
is measured as a total with both building and operational electricity together. Also a steady-
state calculation for the buildings energy need is presented with thermal losses through 
transmission and ventilation included. 

 
Figure 5.1: Energy use for Kullagymnasiet presented for the years 2009-2012 (Höganäs municipality, 2014). 
Also a steady-state calculation result is presented including heating and DHW without solar and internal gains. 

The statistics performed on school building in Sweden show an average distribution 
between building and operational electricity usage of approximately 40/60 percentage. 
Figure 5.2 show the statistics for Kullagymnasiet the electricity usage divided up by these 
percentages. This gives approximately an energy use of 139 kWh/m2 (LOA).  

 
Figure 5.2: Energy use for Kullagymnasiet presented for the years 2009-2012 (Andersson, 2014). Also a steady-
state calculation result is presented including heating and DHW without solar and internal gains. 
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2. Heat peak load 

 

With a resulted value for the peak load of 59 W/m2, Atemp a level for Bronze (≤ 70 W/m2) 
certification is achieved. For a certification level of silver the peak load shall not exceed  
45 W/m2. 

3. Solar heat load 

 

Calculations were performed in two lecture rooms, one on the first floor with 
windows facing south and the other on the second floor facing west. Dimensions and 
calculated values are as presented in Table 5.2. The solar heat load in the west 
orientated room is 96.56 W/m2 influenced of a large area of windows. There are four 
more rooms that are similar to this one. To achieve the lowest certification level, 
bronze, the SVL should be below 48 W/m2. The south facing room with a SVL 
factor of 44.84 W/m2 fulfil the demand for bronze but not silver level that demand 
values lower than 43 W/m2. 

Table 5.2: Applied parameters and values for solar heat load (SVL) calculation. G-value is from simulation 
result, presented in chapter 3.5. 

Location C-building 
first floor 

C-building 
second floor 

Window orientation South West 

Glass area /m2 12.95 21.98 

Floor area /m2 77.0 58.6 

Glass area/ floor area 0.1682 0.3751 

G-value /% 33.33 32.18 

SVL /(W/m2) 44.84 96.56 

 

4. Energy mix 

 

The use of district heating, which in Höganäs is classified to 32% in environmental class 
four, loads to bronze level. 

5. Noise reduction 

 

When the building is silent the ventilation system can be heard clearly (Svennberg, 2014). 
The traffic can be heard weakly at silence in the building closest to the road and with only 
one floor, the E-building.  

BRONZE 

BRONZE 

BRONZE 

RATED 
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6. Radon 

 

In no of the measured points from 2006 did the value exceed 50 Bq/m3. The highest 
measured value was 38 Bq/m3. 

7. Ventilation standard 

 

A mandatory ventilation control, OVK, was performed the 16th of March 2014 and the 
ventilation system was approved (Viosàn, 2014). The reported total supply flow in the OVK 
was as presented in Table 5.3. For establishing if the demand on ventilation flow is fulfilled 
the total amount of people that the ventilation can handle was calculated and compared to 
the number of users of the building. Used values in the calculations are presented in Table 
5.3. The ventilation flow fulfils the demands set for silver level in Miljöbyggnad. 
Table 5.3: Supply ventilation flow and ventilation demands set in Miljöbyggnad presented with calculated 
values to establish if the demands are fulfilled. 

Total supply ventilation flow  23513 l/s 

Total area  11360 m2 

Minimum ventilation flow per floor area 0.35 l/(s·m2) 

Minimum ventilation flow for the floor area 3976 l/s 

Total ventilation flow excl. minimum ventilation for floor area 19537 l/s 

Minimum ventilation flow per person 7 l/s 

Number of people for the ventilation flow 2791 pers. 

Number of people using the building, approximately 1500 pers. 

 

For gold level the building shall have good opportunities for forced ventilation. The on-site 
survey show several openable windows in each room, some in different directions and also 
doors to ventilation to the corridor and the rest of the building. The opportunities are 
considered good for forced ventilation. 

Figure 5.3 shows the result of the performed user questionnaires for the question regarding 
air quality. The gold level requires a frequency of 80 % or more of the participants’ answers 
to be acceptable, good or very good. With a result of 83 % the requirement is fulfilled. 

GOLD 

GOLD 
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Figure 5.3: The frequency of how the users experience the air quality in their environment at Kullagymnasiet. 
Presented number are the total percentage for the response frequency of each question. The results from the user 
questionnaires is presented in chapter 3.5.4. 

8. Nitrogen dioxide 

 

Measured level of nitrogen dioxide in street environment was 12.4 μg/m3 in Höganäs 
municipality during October 2009 (IVL, 2009). For achieving highest certification level on 
this checkpoint the nitrogen dioxide level needs to be measured to lower than 20 μg/m3 
indoors. With an exterior level not exceeding this level, this is also assumed to be the case 
interior. 

9. Moisture safety 

 

To achieve bronze certification level on this checkpoint no moisture damages may exist. 
Moisture damages were clearly noticeable on the basement walls in several places and on 
the interior side of the flat roof section, traces of moisture were visual on the wood 
structures as presented in chapter 3.4. 

10. Thermal comfort winter 

 

The perception of thermal comfort was estimated with PPD, predicted people dissatisfied, 
simulations. Two rooms in the buildings were investigated to evaluate the thermal comfort. 
Simulation data are presented in chapter 4.1 and resulted in a PPD of 10 % for both spaces. 

To achieve gold certification level, PPD simulations result should give 10% or lower. As 
presented above this demand is accomplished. In addition to the demand on PPD value the 
gold level also sets demands on user questionnaire. At least 80 % of the participants should 
give the answer very good, good or acceptable. The result from the performed questionnaire 
is presented in Figure 5.4 and show that only 56 % gave the answers specified in the 
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demands. With this requirement not fulfilled the certification in this checkpoints result in 
silver. 

 
Figure 5.4: The frequency of how the users experience the thermal comfort during the winter period in their 
environment at Kullagymnasiet. Presented number are the total percentage for the response frequency of each 
question. The results are from the user questionnaires presented in chapter 3.5.4. 

11. Thermal comfort summer 

 

The perception of thermal comfort was estimated with PPD, predicted people dissatisfied, 
simulations. Two rooms in the buildings were investigated to evaluate the thermal comfort. 
Simulation data are presented in chapter 4.1 and resulted as presented in Table 5.4. 
Table 5.4: Simulation results for PPD, predicted people dissatisfied, for summer season. 

Room C209 G202 

PPD 28 % 20 % 

 

To achieve bronze certification level, PPD simulations result should show 20 % or lower. 
As presented above this demand is not accomplished which results in only rated for this 
checkpoint. 

12. Daylight 

 

Simulation results of the buildings daylight factor show the demand for silver level of 1.2% 
to be fulfilled at large part of the building e.g. first floor of the building as presented in 
Figure 5.5. Measurements of the demand were performed at 0.8 meters from the floor, one 
meter from the darkest interior wall and half of the rooms’ width from the exterior wall. 
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Figure 5.5: The daylight factor (DF) and illuminance levels on the first floor of Kullagymnasiet. The bright area 
in the centre has a lower DF than 1.2 %. 

There are areas in the building that do not fulfil the requirement, representing the white area 
in in Figure 5.5. This is mostly hallways, bathrooms, storage and other areas that are not in 
use for personal working areas. Problems are in building B and building E that are joined 
with building G. With uncertainties in the programs handling of indirect daylight as 
discussed in chapter 4.3 the quantity of the daylight problems are hard to determine. 
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To achieve the first certification level, bronze, the DF should be above 1.0% at the same 
measuring point as silver level presented above. As presented in Figure 5.6 the first floor of 
Kullagymnasiet do not fulfil this requirement in e.g. building B. Stated in the manual for 
Miljöbyggnad is that it is the worst certification level of the floor that is valid if not more 
than 50% of the area has a higher grade. Since more than 50 % of the first floor fulfils the 
requirement for bronze level this is the grade for Kullagymnasiet. 

 
Figure 5.6: The daylight factor (DF) and illuminance levels on the first floor of Kullagymnasiet. The bright area 
mainly in the centre has a lower DF than 1.0 %. 
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13. Legionella 

The demands in this category cannot be found to be fulfilled but no problems of legionella 
are known for the building. Legionella is not further analysed in this project. 

14. Documentation of building materials 

Not for valid for certification of existing buildings 

15. Phasing out the use of hazarded waste 

Not for valid for certification of existing buildings 

16. Decontamination of hazarded waste 

 

The buildings contain PCB based materials as sealant (CO Sanering AB, 2013). Also 
asbestos is evident in the building (Svennberg, 2014). The pipe insulation containing 
asbestos is marked with warning tape, as shown in Figure 5.7. A complete list of substances 
that are included in Miljöbyggnad criteria is stated in appendix D. 

 
Figure 5.7: Picture showing the presence of asbestos in the building marked up with warning tape. 
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5.2 Certification of improved building 

By performing selected energy efficient measurements both the areas of energy and interior 
climate can be improved. E.g. an improvement of the roof structure could both be beneficial 
for energy use, heat peak load, and moisture perspective as well as improve the interior 
thermal comfort. The following suggested improvement would raise the buildings 
certification from Bronze to Silver as presented in Table 5.5. 
Table 5.5: Summarization of the assessment of the certification level for the improved building. 

Checkpoint Aspect Area Building 

1. Energy Use Gold Energy use Gold 

Energy Gold 

Silver 

2. Heat peak 
load Silver 

Power 
demand Silver 

3. Solar heat 
load Gold 

4. Energy mix Gold Energy mix Gold 

5. Noise 
reduction Gold Noise 

reduction Gold 

Interior 
climate Silver 

6. Radon Gold 

Air quality Gold 7. Ventilation Gold 

8. Nitro dioxide Gold 

9. Moisture risk Silver Moisture Silver 

10. Thermal 
comfort, winter Gold 

Thermal 
comfort Gold 

11. Thermal 
comfort, summer Gold 

12. Daylight Gold Daylight Gold 

13. Legionella Bronze Legionella Bronze 

14. 
Documentation 

of building 
materials 

Gold Documentatio
n Gold 

Material Silver 15. Phasing of 
hazards waste Silver Presence Silver 

16. 
Decontamination 
of hazards waste 

Silver Occurrence Silver 
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1. Energi use 

 

By implementing the energy efficient measures suggested and calculated in chapter 4.4, the 
energy demand can be decreased from 139 kWh/m2 to 105 kWh/m2. With a criterion of 130 
kWh/m2 for gold level the potential of improvement in this checkpoint is possible. 

2. Heat peak load 

 

By implementing the energy efficient measures suggested and calculated in chapter 4.4 the 
power demand can be decreased from 57 W/m2 to 43 W/m2. With a criterion of 45 W/m2 for 
silver level the potential of improvement in this checkpoint is possible. 

3. Solar heat load 

 

Measurements can be done on the building to lower the solar heat load and archive a higher 
level of certification. Figure 5.8 show the influence of two different possible changes and 
also the result of a combination of the changes. One calculation was done with the solar 
shading device placed exterior instead of interior. The other calculation was with less 
window area in the rooms. Both calculations were performed on the two rooms presented in 
chapter 4.2, on the ground floor (south) and on the second floor (west). Calculation values 
are presented in appendix C.  

 
Figure 5.8: The influence of decreasing the total size of the windows and/or adding exterior solar shading 
devices. 
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4. Energy mix 

 

With PV (photovoltaic) solar cells producing the buildings electricity need this category can 
be improved from bronze to gold. There are possibilities to take advantage of solar energy 
with large roof areas that are well exposed to solar radiation with no high raised buildings 
up close. This needs to be incorporated with the respect of the buildings character. The 
current roof structure of building D, the gymnasium, is a large flat surface. Horizontally 
placed solar cells here would have a small impact on the building and would not be visible 
from the surround area (Ranby, Interview, 2014).  

5. Noise reduction 

 

In this category the different noise demands are stated for bronze and silver level, to achieve 
the gold level the performed surveys result needs to analyse. 

The ventilation noise needs to be lowered for this category to be improved. This might be 
solved with silencers on the ventilation ducts. It could also be beneficial to further analyse 
the ventilation air flows and regulate it according to the occupancy in the rooms. The 
demands for a higher rating level means that the ventilation can only be heard weakly when 
the room otherwise is quite and when the ventilation is shut off, the noise should not be 
noticeable. The questioned users during the on-site survey had not reacted on the sound of 
the ventilation closing down.  

The buildings that are closer to the main road oriented towards the west, have some 
disturbance of traffic sounds. It can be heard weakly when the room is otherwise quiet and 
the on-site users, spoken to, do not feel this being a problem. Neither does the sound from 
surrounding rooms. It can be heard through the walls but not during regular lectures. In a 
school building some noise is expected due to students play during breaks. 

84 % of the respondents to the user questionnaire experienced their sound environment 
acceptable or better as presented in Figure 5.9. The gold level requirement of 80 % or more 
was there for fulfilled. 

 
Figure 5.9: The frequency of how the users experience the noise in their environment at Kullagymnasiet. 
Presented number are the total percentage for the response frequency of each question. The results are from the 
user questionnaire presented in chapter 3.5.4. 
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6. Radon 

This checkpoint already fulfils the requirements for the highest certification level gold, as 
presented in chapter 5.1. 

7. Ventilation standard 

This checkpoint already fulfils the requirements for the highest certification level gold, as 
presented in chapter 5.1. 

8. Nitrogen dioxide 

This checkpoint already fulfils the requirements for the highest certification level gold, as 
presented in chapter 5.1. 

9. Moisture safety 

 

To repair the moisture damages in the existing structure and prevent further aggression 
several larger measures need to be taken (Svennberg, 2014). Exterior insulation of the 
basement walls would increase the temperature on the interior surface and lower the risk of 
mould growth on the basement walls. Due to limitations of accessing the exterior surface of 
the ground slab moisture will be difficult to eliminate from the structure. 

By introducing the aspect of usage of the building spaces in the certification system, 
reasoning might allow a higher rating level of the building. By only using the basement for 
storage and maintenance purposes these spaces could be considered to have a lower 
moisture demand. 

Even with the basement excluded in the moisture inventory several other critical points are 
needed to be analysed. The constructions that can be considered a risk from a moisture 
perspective and mentioned in Miljöbyggnad are presented in chapter 3.4. Based on the 
information stated in chapter 3.4, excluding the basement, the rating level could be 
improved to silver. The demands for the silver level are that the construction should be well 
performed from a moisture perspective and have a significant technical life-span. 

To achieve an even higher certification level, gold, the user questionnaire needs to be 
analysed. The results from the three questions regarding moisture is summarised in Table 
5.6.  
Table 5.6: Summarisation of the moisture related questions from the user questionnaire. 

Moisture issue Answering rate Demand 

Experience mould odour 4 % <10%  

Health issues related to the building 33 % <10% 

Resided allergies related to the building 8 % <10% 

 

The demand regard mould is fulfilled, as shown in Figure 5.10, but not regard to health 
issues. Figure 5.11 show that 29% experience this sometimes and 4 % experience it often. 
Of the participants for the survey only 12 people have problems with allergies. Eight percent 

SILVER 
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of these answered that there allergies impairs when they reside in Kullagymnasiet as 
presented in Figure 5.12. 

 
Figure 5.10: The frequency of how often the users experience the smell of mould in their environment at 
Kullagymnasiet. Presented number are the total percentage for the response frequency of each question. Results 
are from the user questionnaire presented in chapter 3.5.4. 

 

 
Figure 5.11: The frequency of how often the users experience health issues that is experienced due to the indoor 
environment at Kullagymnasiet. Presented number are the total percentage for the response frequency of each 
question. Results are from the user questionnaire presented in chapter 3.5.4. 
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Figure 5.12: The frequency of how often the users experience health issues that is experienced due to the indoor 
environment at Kullagymnasiet. Presented number are the total percentage for the response frequency of each 
question. Results are from the user questionnaire presented in chapter 3.5.4. 

10. Thermal comfort winter 

 

The barrier for a higher certification level than silver in this checkpoint is the result from the 
user questionnaire. With only 56% responses on very good, good or acceptable the demand 
of at least 80% is not achieved. Increasing the experience of the interior climate are hard to 
estimate due to the complexity of different people’s preferences. With the suggested energy 
improvements presented in chapter 4.4, a more uniform interior climate could achieve better 
user experiences of the building and then also a higher certification.  

11. Thermal comfort summer 

 

Achieving a lower level of PPD for the summer season (15th of April) can be achieved by 
implementing the suggested energy improvement for the building. As presented in Table 5.7 
the PPD decreases to a maximum value for the two analysed rooms of 20 %. This is the 
limit for Bronze certification level. If the assumption of a higher level of clothing can be 
done for the users of the buildings the level of PPD achieves gold. 
Table 5.7: Simulation results for PPD, predicted people dissatisfied, for summer season. 

Room C209 G202 

Energy improvements 15 % 20 % 

Increased clothing level to 1.0 clo 9 % 7 % 

 

In addition to the demand on PPD value the gold level also sets demands on user 
questionnaire response. At least 80 % of the participants should give the answer very good, 
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good or acceptable. The result from the performed questionnaire is presented in Figure 5.13 
and show a response of 84 % for the required answer alternatives. 

 
Figure 5.13: The frequency of how the users experience the thermal comfort during the summer period in their 
environment at Kullagymnasiet. Presented number are the total percentage for the response frequency of each 
question. Results are from the user questionnaire presented in chapter 3.5.4. 

12. Daylight 

 

By changing the distribution of usage of the rooms at Kullagymnasiet the daylight could be 
optimised in the areas where it is the most beneficial. At present time, rooms that have good 
daylight conditions are used for computer rooms with leads to frequent use of solar shading 
devices in these areas and low level of daylight in other areas of the building. 

A total of 93% of the participants in the survey answered very good, good or acceptable 
which fulfils the demand of over 80 % for gold level criteria. 

 
Figure 5.14: The frequency of how the users experience the daylight conditions in their environment at 
Kullagymnasiet. Presented number are the total percentage for the response frequency of each question. Results 
are from the user questionnaire presented in chapter 3.5.4. 
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13. Legionella 

Legionella was not further analysed in this project. If this category would be improved to 
the highest certification level of gold the overall grade for the building would not be 
affected. 

14. Documentation of building materials 

 

This checkpoint is not valid for existing building but if renovations are performed the 
demand stated for this should be follow for the changed part of the building. It is reasonable 
to achieve gold level in this checkpoint by documenting the building materials that are used 
for the building and specifying the materials information e.g. manufactory and contain 
declaration but also where in the building it is placed and to what extent. 

15. Phasing out the use of hazarded waste 

 

As with checkpoint number 14 this is not for existing buildings so it is limited to analysing 
the phasing out of hazarded waste in the materials used and documented according to 
number 14. Hazarded waste in this checkpoint is defined by The Swedish Chemicals 
Agency (Kemikalieinspektionen). For silver level the use of materials containing hazarded 
waste should only be used in miner extent and documented. 

16. Decontamination of hazarded waste 

 

Decontaminations of the PCB based materials are planned to be performed during summer 
months when the building is unoccupied from students (Höganäs municipality, 2012). Also 
decontamination of the asbestos is necessary to obtain the higher level of certification in this 
category. 

The possibility of a certification level Gold is limited. Visible inspection show sign of 
pressure-treated lumber on the facade and the existing of cadmium need to be closer 
investigated (Svennberg, 2014). 
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6 Discussion and conclusions 
The chosen environmental certification system, Miljöbyggnad, was partly used due to the 
lower complexity than some of the international systems that could have been used. This 
was mostly a positive conclusion for the work process. Finding a balance between 
complexity and a complete environmental assessment could increase the level of 
understanding the issues of environmental performance. By stating the Swedish regulations 
and rules as the lowest demand level with the addition of ‘rated’ for the buildings that do not 
fulfil the demands. The evaluated system was found to be well structured and relevant for 
the Swedish environment. One important issue that is to some extent taken into 
consideration in Swedish regulations but missing in Miljöbyggnad is the use of the building 
spaces. The aspect of what the rooms were used for was not taken into consideration of the 
original buildings when the evaluation of the checkpoints e.g. daylight, moisture was 
performed. If the aspect of usage would be implemented optimisation of the buildings layout 
would be beneficial when certification of an existing building is done.  In addition to 
technical difficulties and obstacles to solve, issues of building occupancies and owners 
attitude and dedications to enable change needs to be set. By using the certification system 
Miljöbyggnad to evaluate a building or building complex, areas for improvement were 
found. A broad area of environmental aspects were treated and analysed with functional 
adaptations for existing buildings. Several areas were not included in this study due to the 
certification system. More complex systems also consider e.g. site issues, water and waste 
management. With keeping in mind the usability of the certification system to function as a 
method for environmental improvements of existing buildings the systems achieves the aim. 
Some adaptations and additions would give higher value for the aim as previously 
mentioned.  

An important part of the certification process was the user questionnaire. By performing the 
survey the status assessment includes the important user experiences of the personal 
workspaces in the building. In Miljöbyggnad this was well organized, easy to use and 
concise. Since how we experience our environment is according to our personal references 
and/or influenced by others, this may not always correspond with the results from 
measurements, simulations or calculations e.g. shown in this study with thermal comfort. A 
wider range, than in the study, between users and locations in the building would be 
preferred. An important issue to keep in mind for a school building is that student’s personal 
workspace within the building varies. It can therefore be difficult to pinpoint the buildings’ 
varies spaces’ specific qualities. The students at Kullagymnasiet are only there for three 
years which means that due to personal references the experiences can vary yearly. A larger 
spread and a more comprehensive survey but also a larger number in the same rooms could 
give a deeper picture of how the building is experienced. The questionnaires that was 
performed in this study mainly show the opinion of the present regular users of the building 
spaces.  

The district heating system in Höganäs has its energy supply from waste heat from industrial 
production. This results in the distribution of environmental energy categories as presented 
in Table 6.1 (Swedish green building council, 2012).   
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Table 6.1: The distribution of Höganäs district heating in environmental classification according to the 
certification tool of Miljöbyggnad. 

Environmental categories 1 2 4 

Distribution /% 17.9 49.6 32.4 

 

Due to the high percentage in category four difficulties lay in achieving a higher level than 
bronze. This factor needs to be evened out with the choice of electricity supplier or by 
adding solar thermal panels to lower the use of district heating and increasing the use of 
more sustainable energy. By implementing solar PV cells electricity usage can be meet over 
the year. Due to the school’s decrease of activity over the summer when the solar energy 
collection is high, additional usage should be examined before an investment is performed. 

In the original aim of this report, a simulation of the existing buildings energy use was 
stated. A simulation model was created in the simulation program Design Builder. With the 
energy use already known for the existing building, getting a result close to this was 
intended combined with settings as parallel to the circumstances in the building as possible. 
Most of the known circumstances was not stated in the simulation program as they were 
measured or documented for the building. This lead to assumptions and estimations in a 
more complex simulation environment compared to real conditions in the building. This 
report now present a steady state calculation of the energy need instead of simulation 
results. 

No obstacles for using the certification system on school buildings were established. The 
process of assessing an existing building felt well throughout with e.g. alternative methods. 
The evaluation of using the certification system as a method to establish environmental 
improvement possibilities has given a positive result with possible improvements on several 
aspects. To use the suggested improvements is a more complex matter and has limitations to 
the buildings existing conditions and problem areas. Some general conclusions and 
limitations for this buildings can be drawn.  

 Miljöbyggnad can provide an estimation of an existing school buildings 
environmental performance. 

 Improvements on individual checkpoints can be beneficial for the building and 
analysed within the frames of the certification system.  

 Moisture issues limit the whole building complex possibilities for a higher 
certification level if usage of the building spaces are not considered. 

 Brick wall buildings can have the same problem with lack of opportunity to insulating 
the facade. If insulation is done on the inside increased relative humidity levels can 
occur. Insulation from the exterior can be both a problem for cultural heritage 
perspective and the risk of built in moisture in the bricks.  

 Exterior shading devices have a large impact on solar loads during summer season. 
 Improvements in one aspect can both be beneficial and contradictious to other 

aspects. Energy use reducing measures also have a positive influence on thermal 
comfort. 

 User preferences in the questionnaire is not always verified in simulation results e.g. 
the PPD calculation of thermal comfort.  
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7 Further research 
This project can be further analysed in several ways both in depth and width. To add the 
economical aspect of the improving measurements life cycle cost, LCC, calculations should 
be performed. To only establish an investment cost would limit the economic reasons to 
perform the measures. By using LCC the economic aspects becomes wider. Deeper studies 
can be performed with a focus on into one or more of the aspects treated in this project. The 
project’s scope could be set on improving the buildings environmental performance in one 
of the checkpoints of Miljöbyggnad or the scope could be set geometrically to a specific part 
of the building complex. Wider investigations can also be set with e.g. a larger range of 
surveys, larger investigations of the building bodies or measuring of thermal comfort in a 
larger scale. The adaptation of Miljöbyggnad on existing buildings show a positive result in 
this study but further studies with a larger range would be beneficial for the evaluation of 
Miljöbyggnad as a tool for environmental improvement. 
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Appendix A: Air handling unit, AHU specifications in the 
building 
Table A1: Air handling units in Kullagymnasiet with the air flow for supply and exhaust 

 Term AHU Fabrication AHU Supply/Exhaust 

A *A-TA/FA01 basement 

*A-TA/FA02 ground floor 

Separate for science 
rooms 

GOLD size 32 version A 

GOLD size 22 version A 

 

2848/2823 l/s 

700/625 l/s 

B 

G 

*B-TA/FA01 

B11-TA01/FA01 

B-15TA/FA 

GOLD size 32 version A 

Swegon GOLD 

Swegon GOLD 

3120/2995 l/s 

710/710 l/s 

 

C *C-TA/FA01 basement 

*C-TA/FA02 basement 

*C-TA/FA03 ground floor 

GOLD size 22 version A 

GOLD size 32 version A 

GOLD size 22 version A 

1060/1060 l/s 

2440/2750 l/s 

1100/1125 l/s 

D D-TA/FF-D1-D3 

D-TA/FF-D2-D4 

Information missing 160/90? 

160/93? 

E *E-TA/FA01 GOLD size 32 version A 2075/2075 l/s 

F F-TA/FA01 New unit about 3-4 years ago 495-785/560-850 l/s 

G *G-TA/FA01 An old and small one, barely being 
used.  

1360/1390 l/s 

J J-TA1/FA1 

*J-TA2/FA2 

*J-TA03/FA03 attic 

New 2014 

Flexomix ecoterm 

Flexomix ecoterm 

2040/1985 l/s 

1980/2000 l/s 

3295/3650 l/s 

  Total flow 23513/23429 l/s 
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Appendix B: Input data for ParaSol 
Table B1: Input data in ParaSol for original simulation 
 

 Floor Ground Second 

Geometry    

 a 945 cm 815 cm 

 b 275 cm 400 cm 

 c 815 cm 719 cm 

 d 175 cm 297 cm 

 e 740 cm 740 cm 

 f 70 cm 70 cm 

Window    

 g 13 cm 13 cm 

 h 5 cm 5 cm 

Orientation    

 Orientation windows 180 grader 270 grader 

 Site Lund(SE) Lund(SE) 

 Ground reflectance 20% 20% 

Walls    

 External wall   

 U-value 0.23 0.23 

  Heavy Heavy 

 Inner wall Medium Medium 

 Floor/ceiling Light Light 

Structure window    

 Type 04 Triple_1+2 04 Triple_1+2 

Solar shading    

Screen/Roller-blind    

 Short wave radiation   

 Dif. Transmittance 3% 3% 

 Dif. Reflectance 68% 68% 

 Absorptance 29% 29% 

 Long wave radiation   

 Transmittance 2% 2% 

 Reflectance 68% 68% 

 Emittance 30% 30% 
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Table B2: Changed input data for simulation with exterior blind 

 Floor Ground Second 

Exterior blind Awning   

 a 150 cm 150 cm 

 b 90 cm 90 cm 

 c 13 cm 13 cm 

 d 15 cm 15 cm 

 e 20 cm 20 cm 

 Dif. Transmittance 2% 2% 

 Reflectance 68% 68% 

 Emittance 30% 30% 

 
Figure B1: Illustration and dimensions for the external shading device specified in table B2.  

 

Table B3: Changed input data for simulation with decreased window area 

 Floor Ground Second 

Geometry    

 a 945 815 

 b 275 275 

 c 815 719 

 d 175 175 

 e 555 740 

 f 70 70 
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Appendix C: Study in lowering of the buildings solar heat load 
Values used in calculations for lowering the solar heat load in the building are here 
presented. The two suggested measurements are to changing the solar shading devices from 
interior to exterior and decreasing the window area.  

Location C-building 
first floor 

C-building 
second floor 

C-building 
first floor 

C-building 
second floor 

Window orientation South West South West 

Glass area, m2 12.95 21.98 9.71 12.95 

Floor area, m2 77.0 58.6 77.0 58.6 

G-value, % 12.60 24.39 33.38 32.38 

SVL, W/m2 16.95 44.84 33.67 57.25 

 

Original calculation values are presented and also values used when both suggested 
measurements are performed. 

Location C-building 
first floor 

C-building 
second floor 

C-building 
first floor 

C-building 
second floor 

Window orientation South West South West 

Glass area, m2 12.95 21.98 9.71 12.95 

Floor area, m2 77.0 58.6 77.0 58.6 

G-value, % 33.33 32.18 14.13 16.09 

SVL, W/m2 44.84 96.56 14.25 28.45 
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Appendix D: Hazards waste treated in the certification system 
Miljöbyggnad 

Substance Clearification Amount Regulation Builing year 

PCB I fogmassa eller 
halkskydd 

0.05 
viktprocent 

17§SFS 2007:19 1930-1973 

Ozone-depleting 

 
(Ozonnedbrytand
e ämnen, freoner) 

CFC, HCFC, 
halon 

0.1 
viktprocent 

KIFS 2005:7 för 
ämnen klassificerade 
som miljöfarliga med 
riskfras R59 

1960-1998 

Asbest CMR category 
1-2 

0.1 
viktprocent 

KIFS för 
utfasningsämne CMR 
samt 
cancerframkallande 

1930-1976 

Kadmium 
(metallisk form) 

 0.01 
viktprocent 

BVD3 
Byggvarudeklaration
en 

1950-1982 

Kvicksilver Ej lysrör och 
lågenergilampo
r 

   

Bly (metallisk 
form) 

 0.1 
viktprocent 

BVD3 
Byggvarudeklaration
en 

-1995 

Impregnated 
timber 

Impregnerat virke 

Koppar, krom 
eller kreosot 

  1935- 

Radioaktiva 
isotope 

   Still in use 
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Appendix E: Thermal images summary 
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Appendix F: Test results for logger devices 
A test of seven devices is performed to establish which device to be used. The devices have 
the denominations: 66, 68, 78, S12, S22, and S7. During the test the devices are put from 
room temperature into two different levels of colder climate before back into room 
temperature. The results during the temperature difference in the test are presented in Figure 
F.7.1 and Figure F.1.2.  

 
Figure F.7.1: Measured temperature values during four and a half minute for test of logging devices. 
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Figure F.1.2: Measured temperature values during four and a half hour test of logging devices. 

The test of the logging devices resulted in the use of device 66, 68 and 78 (presented in 
black in Figure F.7.1 and Figure F.1.2) due to their faster response to changes in mainly 
temperature but also RH than the other devices. Also devices presenting similar values are 
prioritized. 
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Appendix G: Miljöbyggnads original survey questions 

Underlag till Miljöbyggnads innemiljöenkät för lokalbyggnader 
 

Miljöbyggnads enkätfrågor för lokalbyggnader 

Fråga 1 
Hur tycker du att värmekomforten är i stort vid din personliga arbetsplats 
under SOMMARHALVÅRET? 

  Mycket bra 
  Bra 
  Acceptabel, dvs varken bra eller dålig 
  Dålig 
  Mycket dålig 

  

Fråga 2 
Hur tycker du att värmekomforten är i stort vid din personliga arbetsplats 
under VINTERHALVÅRET? 

  Mycket bra 
  Bra 
  Acceptabel, dvs varken bra eller dålig 
  Dålig 
  Mycket dålig 

  

Fråga 3 
Hur tycker du att luftkvaliteten är i stort vid din personliga arbetsplats? 

  Mycket bra 
  Bra 
  Acceptabel, dvs varken bra eller dålig 
  Dålig 
  Mycket dålig 

 

Fråga 4 
Besväras du av mögellukt vid din personliga arbetsplats? 

  Ja, ofta (varje vecka) 
  Ja, ibland 
  Nej, sällan eller aldrig 
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Miljöbyggnads enkätfrågor för lokalbyggnader 

Fråga 5 
Hur tycker du att dagsljuset är i stort vid din personliga arbetsplats? 

  Mycket bra 
  Bra 
  Acceptabelt, dvs varken bra eller dålig 
  Dåligt 
  Mycket dåligt 

 

Fråga 6 
Hur tycker du att ljudmiljön är i stort vid din personliga arbetsplats? Frågan 
gäller både ljud och ljudnivå. 

  Mycket bra 
  Bra 
  Acceptabel, dvs varken bra eller dålig 
  Dålig 
  Mycket dålig 

 

Fråga 7 
Har du under de tre senaste månaderna haft hälsobesvär som 
klåda/sveda/irritation i ögonen, irriterad/täppt/rinnande näsa, 
heshet/halstorrhet, hosta eller torr/rodnande hud i ansiktet och som du tror kan 
bero på innemiljön vid din personliga arbetsplats? 

  Ja, ofta (varje vecka) 
  Ja, ibland 
  Nej, sällan eller aldrig 

 

Fråga 8 
Om du har allergiska besvär som astma, hösnuva, allergiska eksem, hur tycker 
du att ditt allergiska tillstånd förändras när du vistas på din personliga 
arbetsplats? 

  Tillståndet förbättras 
  Tillståndet varken förbättras eller försämras 
  Tillståndet försämras 
  Jag har inga allergiska besvär 
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Miljöbyggnads enkätfrågor för lokalbyggnader 

Fråga 9 
På vilket våningsplan ligger din personliga arbetsplats? 

  1-2 trappor ned (souterrängvåning) 
  Bottenvåning 
  1-2 trappor upp 
  3-4 trappor upp  
  5 trappor upp eller högre 

 
 
Fråga 10 
Hur gammal är du? 

  24 år eller yngre 
  25-34 år 
  35-44 år 
  45-54 år  
  55-64 år  
  65 år eller äldre 

 
Fråga 11 
Är du man eller kvinna? 

  Kvinna 
  Man 

 
Kommentarer 
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