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ABSTRACT 

This degree project explored how the combination of researcher-driven infrared thermography 

with information and decision-making dialogue affected the comprehension of heat losses, 

building performance, and energy-related renovation among Swedish homeowners of single-

family houses and terraced houses. This degree project employed infrared thermography as a 

qualitative engineering technique for making the otherwise imperceptible building heat losses 

perceptual and communicating the findings of the inspection to the homeowners. The mixed 

methods research design involved infrared thermographic inspection of twenty single-family 

residential buildings in Västerås, Sweden. Before and after conducting the thermographic 

inspections, the homeowners responded to the questions in the questionnaire survey and 

discussed their building envelopes' condition during a guided tour. During the thermographic 

inspections, certain patterns emerged, including air leaks, potential insulation issues, and 

thermal bridges. The occurrence of the air leakage at the junctions between windows and/or 

doors and the wall surfaces was the most common finding, which could be observed in every 

house inspected regardless of the intensity. Potential insulation problems could be seen in 

some buildings, whereas significant thermal bridges were found mostly in old or structurally 

complex buildings. The findings indicate that infrared thermography can be used to make 

homeowners more aware of the actual heat losses in their buildings. Moreover, thermography 

provided confirmation of the previous assumptions as well as additional support to renovation 

intentions. For example, it was found that there were many cases requiring the replacement of 

weather stripping, sealing, as well as adjustment of windows and doors. It is concluded that 

qualitative thermography is effective as a communication and educational tool; however, the 

results must be interpreted and cannot be considered reliable in all situations. This project also 
shows that using thermal images to create an understanding of the abstract notions of heat 
loss seems to make invisible and incomprehensible processes more understandable. 
 

Keywords: Infrared thermography, heat loss, single-family homes, energy renovation, 

building envelope, homeowner engagement, thermal bridges, air leakage 
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the writing process. 
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SUMMARY 

Energy loss in buildings often proves hard for homeowners to grasp due to the nature of many 

of the underlying processes which remain unseen in day-to-day life. Leakage of air, presence 

of thermal bridges, or deficiencies in insulation are all factors which will impact heating 

demand and indoor comfort without being easily observable through normal methods. In 

Sweden single-family houses are a major segment of its housing market and constitute a 

substantial part of residential energy use, improving the energy efficiency of these single-family 

buildings is economically and environmentally relevant. Nonetheless, the decision to renovate 

is usually up to the homeowners whose knowledge about the topic might be lacking. 

 

This degree project is aimed at studying how thermographic inspection led by researchers could 

serve as an environmental-engineering communication tool in order to help homeowners 

recognize the issue of heat loss in their homes and increase awareness of unnecessary heat loss 

as well as their motivation to conduct energy renovations. More specifically, the influence of 

thermographic inspection itself as well as interpretative discussion and decision support on 

homeowners building physics knowledge, heat loss awareness and intentions to renovate were 

also evaluated. 

 

Therefore, a mixed-method experiment took place involving a sample of around 20 single-

family homes and terraced houses in Västerås, Sweden. Prior to the inspection, participants 

were asked questions about their current state of knowledge regarding energy loss in their home, 

as well as their hopes and intentions regarding the inspection results. The home was 

subsequently inspected using an infrared camera which captured images of those building 

components where heat loss was likely to occur: windows, doors, wall and floor junctions, 

corners, roof junctions and other visible areas of the building shell. Throughout the process, the 

owner walked with the researcher while the inspection took place. 

 

Following the inspection, the thermographic results were discussed with each owner. The 

analysis covered building-physics aspects like air leakage, conduction, convection, insulation 

deficiency and thermal bridges. Then, post-inspection questions and reflections on gained 

experience, results, changing perception about the house and renovation plans were discussed. 

The data was evaluated according to the descriptive and qualitative analysis of questionnaire 

answers and reflection. 

 



The thermal inspections revealed the presence of heat losses in all examined buildings. As to 

types and intensity of the issue, the most frequent phenomenon was leakage that was typical of 

all buildings studied. In the case of older houses, the problem concerned aged weather-stripping, 

deformed frames, visible gaps and old building materials in general. For the more recently built 

structures, leakage was lower overall, but some local defects were still found. It means that the 

building age is only one parameter affecting efficiency, some refurbished old houses turned out 

to be quite efficient, while the relatively new ones could also have problems. 

 

Deficiency of insulation was seen in several buildings. It was located around corners, on floors, 

walls joining the roof and other parts of the building envelope where cold spots were found on 

the thermographic images. These observations were more typical of older and more complex 

buildings. The same can be said about thermal bridges. Yet, there were no critically bad 

situations, most houses demonstrated some moderate issues with heat loss. In particular, the 

problem locations were different and, thus, some parts of the building envelope were more 

relevant for renovations than others.  

 

Before receiving thermographic data, homeowners expressed various levels of knowledge and 

confidence. Many people thought of possible heat losses at some level of generality, however, 

only a small number knew specifics regarding defects, locations and causes. Some respondents 

believed that defects in parts of the house which they considered modern were insignificant. 

Meanwhile, other respondents tended to overestimate problems in older constructions. The 

main finding of this phase is that, mostly, owners were motivated by cost-saving and comfort 

improvement rather than environmental reasons. 

 

The reactions following the inspections proved that thermography provided a learning 

experience for many participants. It allowed them to visualize energy leaks in their home and 

made understanding the physics behind building functions easier. In certain instances, 

thermography verified what the homeowner suspected to be a problem. However, in many other 

cases, it revealed unexpected faults, like leakage around new windows or doors. Finally, some 

participants learned that their homes functioned even better than expected. This suggests that 

not only did thermography help detect possible problems in the building, but also disproved the 

preconceptions of the owner. 

 



One of the main conclusions drawn from the analysis is that thermographic images became 

useful when they were explained by the researcher. While most of the participants found them 

convincing and easy to interpret with the aid of a professional, several others would probably 

struggle with their interpretation without any help. This fact is especially important since the 

surface temperature distribution may indicate thermal performance issues without revealing 

their exact nature. Thus, the findings require interpretation in the context of the construction of 

the building, weather conditions, indoor/outdoor temperature, and measurement errors. 

 

When it came to decision making related to the home-renovation, the inspections proved to be 

most effective in situations when clear and manageable problems were detected. Most 

homeowners were inclined to take rather simple actions to improve the situation, for example, 

replace weather-stripping, seal gaps, fix windows and doors. On the other hand, complex 

measures involving insulation or thermal bridges needed to be taken during a major home 

renovation. For homeowners of modern well-built homes, the inspection served mostly as a 

confirmation of what they knew about the house's performance. 

 

As discussed above, it became apparent that infrared thermography is able to serve not only as 

a method of diagnostics, but also a form of communication. While in the first capacity, it 

allowed detecting various problems related to air leakage, insulation, and thermal bridges, as a 

communication method it allowed visualizing and understanding one's own home. In terms of 

environmental engineering, this issue is extremely important, as the reduction of excess heat 

loss cannot occur without homeowner awareness and decision-making capacity. 

 

Among the limitations of the study was the non-representative character of the sample used, 

which included only single-family detached and terraced buildings and not all types of homes 

in Sweden. Qualitative methods were used in the form of inspections, without calculation of 

precise amounts of heat loss or energy savings. Factors like weather conditions, temperature 

difference, wind speed, sunlight, and limitations of the camera might have affected the results 

of the study. Moreover, the research considered only the perceptions and intentions but not 

actual actions of the participants, such as renovation of their homes and reduction in energy 

consumption. 

 

The conclusion made by researcher is that thermographic imaging conducted by the researcher 

himself can be helpful as a qualitative approach to promote learning by homeowners and 



influence the renovation process. The greatest potential of thermography is its ability to 

visualize heat losses and correlate them with particular locations within the house. At the same 

time, thermography cannot serve as a full-fledged energy audit or as an ultimate method for 

detection of building flaws. Thermographic inspection has the most value when it is combined 

with building physics expertise, proper interpretation, and decision-making assistance. 
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ABBREVIATIONS 

Abbreviation Description 

IRT Infrared Thermography 

IR Infrared 

ASHP Air Source Heat Pump 

GSHP Ground Source Heat Pump 

ATWHP Air-to-Water Heat Pump 



Abbreviation Description 

HVAC Heating, Ventilation and Air Conditioning 

U-value Thermal transmittance value 

CO₂ Carbon dioxide 

kWh Kilowatt-hour 

 

DEFINITIONS 

Definition Description 

Indoor air Air in the building 

Outdoor air 

 

Air in the surroundings 

Air leakage Uncontrolled movement of air through gaps, cracks, 

joints, or other openings in the building envelope.  

Building 

envelope 

The physical separation between the indoor and outdoor 

environment of a building, including walls, roof, floor, 

windows, doors, and other external building 

components. 

Conduction Heat transfer through a material or between materials in 

direct contact.  

Convection Heat transfer caused by the movement of air or another 

fluid.  

Infrared 

thermography 

A non-contact inspection method that uses an infrared 

camera to detect surface-temperature differences and 

visualize thermal patterns. 

Insulation 

deficiency 

A weakness, gap, or inconsistency in the insulation of a 

building component that may allow increased heat 

transfer compared with surrounding areas. 

Thermal bridge A part of the building envelope where heat is 

transferred more easily than through surrounding 

insulated areas, often due to structural connections, 

material changes, corners, or junctions. 

U-value A measure of how much heat passes through a building 

component. A lower U-value means better insulation 

performance and less heat transfer. 

Weatherstripping Sealing material placed around openable windows and 

doors to reduce uncontrolled air leakage between the 

frame and the moving part of the component. 

 

Definitions are based on general building-physics descriptions of heat transfer, building 



envelope performance, and infrared thermography as described by Straube (2012), Balaras 

and Argiriou (2002), Fox et al. (2014), and ISO 7345:2018.



1 

1 INTRODUCTION 

Energy losses are not the first thing you would think about when thinking about ones home. 

They are after all invisible during your every day life. This creates difficulties for homeowners 

to understand how these systems function and where improvements are necessary. As such, 

renovation can be delayed, based on assumptions, or focused on areas which do not effectively 

address the causes of heat loss. Infrared thermography presents an opportunity to visually and 

easily identify hidden inefficiencies, which can potentially be used to create learning and 

engagement opportunities. This degree project will present how the process of infrared 

thermography, can influence home owners renovation decision-making and awareness, 

specifically with regards to single-family homes in Sweden. 

1.1 Background 

The use of energy in buildings is considered to be one of the key aspects of Sweden’s energy 

challenges. According to the Royal Swedish Academy of Engineering Sciences, which 

produced a report on the building sector, energy used for heating, cooling, operation, and 

lighting buildings accounts for nearly 40% of Sweden’s total energy use. (Kungl. 

Ingenjörsvetenskapsakademien, 2012, p. 19). 

The largest proportion of energy use under the combined category of homes and premises is 

accounted for by small houses, referred to as “småhus”, which constitute 40% of this category, 

compared to multi-family buildings and premises, comprise 33% and 27% respectively. (Kungl. 

Ingenjörsvetenskapsakademien, 2012, p. 23). 

From the point of view of the building stock, small houses can also be regarded as a significant 

proportion of the total floor area of the residential sector. A regional/national analysis from 

Sweden found that the proportion of small houses of the total floor area of the residential sector 

is about 40%, and it is difficult to achieve the long-term target without addressing the small 

house issue (Länsstyrelsen Dalarna, 2014, pp. 9-10). 

The statistics of energy use indicate that the energy used for space heating and hot water is an 

important issue in the energy performance of buildings, as the Swedish Energy Agency found 

that the energy used for heating and hot water in buildings in Sweden has shown long-term 
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reductions, where the energy used in 2016 was about 30% lower than in 1985 

(Energimyndigheten, 2017, p. 7). 

From the point of view of the homeowner, the energy performance of buildings in Sweden can 

be regarded as a recurring issue because the energy performance of buildings, such as air 

leakage, thermal bridges, and defects in the insulation of buildings, cannot be observed in daily 

life. However, infrared thermography can act as a revelation tool for the energy performance of 

buildings, as it can translate the energy loss of the building into an image that can be discussed 

by the homeowner. Nevertheless, the use of infrared thermography is influenced by the results 

of the measurement, as the results can be influenced by the user’s interpretation of the results. 

(Mauriello et al., 2017, pp. 1768-1769) 

 

 

1.2 Purpose/Aim 

The aim of this degree project is to explore how infrared thermography, conducted by a 

researcher as part of a qualitative environmental engineering approach, can be used to identify 

heat losses in single family houses in Sweden and convey these insights to homeowners. It 

examines how thermographic inspection, guided interpretation and decision making dialogue 

affect homeowners' perceptions of their buildings' energy performance, recognition of 

excessive heat loss and intention to perform energy efficiency upgrades. The focus is on visual 

diagnosis methods to support energy efficiency improvements of the existing housing stock 

through increased knowledge about building defects and their consequences for energy 

consumption and the environment. 

 

Thermography can be viewed as both an inspection and an environmental-engineering 

communication tool in this degree project, as it helps interpret building physics issues and 

transform them into homeowner actions potentially leading to reduced energy demand. 
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1.3 Research questions 

Main research question 

How does infrared thermography, combined with information and support, influence 

homeowners engagement, learning, and renovation decision-making regarding building 

energy conservation? 

Before thermography 

RQ1: What are the homeowners baseline perceptions of their home’s energy performance , 

heat-loss problems, and environmental impact before thermographic inspection? 

RQ2: Which patterns of heat loss can be recognized using qualitative infrared thermography 

and how can they be interpreted on the basis of convection, conduction and thermal bridges 

according to building physics principles? 

After thermography 

RQ3: In which ways does guided interpretation of thermographic images influence 

homeowners' perceptions of the relationship between building defects, heat loss, energy 

consumption and environmental impact? 

RQ4: How does thermographic guidance affect homeowners' decisions about performing 

energy efficiency renovations, including sealing air leaks, insulating and/or upgrading of 

inefficient equipment? 

Decision support 

RQ5: How does the combination of thermography results and decision-support guidance 

affect the homeowner’s intention to act? 

RQ6: What is the utility of qualitative infrared thermography as a homeowner-oriented 

environmental engineering tool and how limited is it in terms of validity and usability? 

 

1.4 Delimitation 

• The focus in on single-family houses only, results will not be comparable to 

apartments or other large multi-family buildings. 
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• The inspection tool is a FLIR C5 infrared camera, which was borrowed. Since this 

study is not concerned with accurate quantitative calculations of heat loss, the infrared 

camera is used as a qualitative tool that can identify any irregularities in heat patterns. 

This limitation of the tool is recognized in the analysis of the results. 

• The study evaluates engagement, learning, and decision support. The study does not 

measure changes in the actual annual energy use after a renovation. 

• Thermography quality depends on several factors, the results may be limited to 

periods with suitable temperature differences. The measurements will not all be taken 

at the same time, and during the same day, differences in weather will impact the 

thermography data quality. The researcher will in an effort to keep the results 

comparable, take measurements on days with similar outside temperatures and 

weather conditions. 

• Potential self-selection bias. The participants involved are not selected at random and 

can already have a higher interest in energy issues compared to the average house 

owner. 

• The infrared inspection is carried out exclusively by the researcher in order to ensure 

consistency in image quality, inspection, and support in the analysis of results. 

2 THEORETICAL FRAMEWORK/ LITERATURE STUDY 

Residential and commercial buildings are one of the biggest consumers of energy in Europe. 

Buildings are an important part of climate change mitigation strategies. Buildings are 

significant in the strategy of reducing greenhouse emissions. Improving the energy performance 

of residential buildings is one way of reducing emissions. In Sweden, which is a cold climate, 

there is a great potential in reducing emissions related to heating and electricity. 

 

Concerning this study, a major problem is that homeowners might not be able to relate the 

abstract information they receive on energy renovations to specific observations in their own 

houses. The use of DIY (Do It Yourself) thermography can bridge this gap by allowing 

homeowners to observe evidence of energy loss directly. However, this will not be without 

risks because novices may not be able to adequately assess the severity and implications of 
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problems that are identified with the camera, which could affect their ability to decide on 

renovations (Mauriello et al., 2017, pp. 1768-1769). 

 

A public engagement thermography study on using low-cost smartphone cameras to take 

thermal images of houses to identify energy loss and potential problems with the building 

envelope concluded that the thermography camera was perceived by the vast majority of the 

participants to be effective in detecting the location of the heat loss and the defects in the 

building envelope’s insulation. The educational session was rated by the vast majority of the 

participants as being helpful to them (Hawas & Al-Habaibeh, 2020, p. 1). 

2.1 Swedish Buildings and Energy Use 

A Swedish report on building energy efficiency states, Energy used in buildings for 

heating/cooling/operation/lighting accounts for approximately 40 percent of all used energy, 

which indicates the significant role of the sector for Swedish energy and climate policy (IVA, 

2012, p. 6). 

National energy statistics show that small houses have the highest share of energy consumption 

compared to other types of living and operational premises, Of the total 80.5 TWh used for 

heating and hot water approximately 40 percent was used in single family homes. This further 

reinforces the relevance of small houses and, therefore, the relevance of targeting and engaging 

homeowners (Energimyndigheten, 2017, p. 15). 

 

It has also been reported that small houses account for approximately 40 percent of the total 

floor area of residential properties nationwide, and for an even higher percentage in less densely 

populated areas. This further reinforces the relevance of small houses for renovation progress 

(Länsstyrelsen Dalarna, 2014, p. 9). 

2.2 Thermography for Learning and Engagement 

A public engagement field study of the applicability of training + DIY thermography has 

reported high perceived usefulness, where large percentages of participants reported the 

training to be very helpful and the thermographic camera very effective for indicating where 

heat loss is and for helping identify defects in insulation. (Hawas & Al-Habaibeh, 2020, p. 1). 
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2.3 Novice Use, Interpretation and the Need for Guidance 

A human-computer interaction study of novice smartphone-based thermography has reported, 

Thermography can be an effective tool for people to document their problems and become more 

aware of their conditions, but it has also been found to be limited, since people may not be able 

to judge the severity of the problems they encounter. It has also emphasized the role of 

environmental constraints and practice recommendations, which further reinforces the need for 

guidance. Because interpretation depends on conditions. Recommended practice emphasizes 

sufficient indoor-outdoor temperature differences for meaningful scans. (Mauriello et al., 2017, 

pp. 1768-1769). 

2.4 Building Physics and Mechanisms of Heat Loss 

The process of heat transfer in buildings occurs through the building enclosure, which is a 

crucial aspect of building science that pertains to the comfort of the people inside the building 

as well as the energy consumption. The process of heat transfer is generally explained by 

building scientists by three major mechanisms of heat transfer: conduction, convection, and 

radiation, which may occur individually as well as collectively (Straube, 2011, pp. 2-3). 

The process of conduction is the transfer of heat through the direct contact of molecules, which 

is the major form of heat transfer in solids. In buildings, the major components of the building 

enclosure that facilitate the process of conduction of heat are the walls, the roof, the floor, the 

windows, etc. As conduction is an important method of heat transfer, building insulation is used 

in building construction to minimize the process of heat conduction. 

Convection is defined as the transfer of heat through the movement of fluids. In buildings, this 

mainly takes place both at surfaces and through air movement across or through the enclosure. 

The leakage of air is also of great concern since the escaping air from buildings has to be 

replaced by outside air, which again has to be conditioned. Straube (2011, pp. 8-9) states that 

the energy implications of air leakage are considerable and contribute to 30% of the thermal 

flow across the enclosure for a well-insulated modern home. 

Thermal bridges occur when there is an uncontrolled flow of heat, bypassing insulation. This 

happens when there is an increased flow of heat through some parts of an enclosure compared 

to others. This mainly takes place at corners, parapets, and intersections of building elements. 

Thermal bridges cause cold spots, discomfort, condensation, and increase heat loss through 

building envelopes. (Straube, 2011, pp. 4-5). 
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It is clear that conduction, convection, and thermal bridging play an important role in building 

thermal performance. The author has concluded that for proper thermal performance of 

buildings, insulation with minimal thermal bridges, an air barrier system, solar radiation, and 

internal heat generation must be controlled. This has led to the identification of heat loss 

mechanisms playing an important role in building energy efficiency (Straube, 2011, p. 11). 

Infrared thermography plays a role here because this technique can detect differences in surface 

temperature related to heat loss mechanisms. In qualitative building diagnostics, thermographic 

images are used to detect where heat transfer differs from surrounding surfaces, indicating 

problems such as air infiltration, insulation absence, and thermal bridges (Balaras & Argiriou, 

2002, pp. 171-172). 

2.5 Infrared Thermography 

Infrared thermography is a non-destructive, non-contact technique used to inspect buildings. It 

depends on detecting infrared electromagnetic waves emitted by objects. Any object at a 

temperature above absolute zero will emit some level of infrared radiation. This technique 

allows a thermal imager to create an image showing thermal patterns and temperature variations 

on an object's surface. In building diagnostics, this technique makes invisible thermal 

conditions visible (Balaras & Argiriou, 2002, p. 171). 

In buildings, thermography can be used to inspect and test buildings, detect where energy 

escapes from the building, and aid in diagnosing building performance problems. Balaras & 

Argiriou (2002, pp 171-172) describe thermography as a technique used to inspect buildings 

and detect energy leaks, as well as highlighting the importance of thermography in building 

diagnostics. 

In instances where there is an appreciable temperature difference between outside and inside, 

one is able to observe localized losses through patterns of surface temperature. This indicates 

that through thermography, one is able to identify irregularities in building envelopes. However, 

this is dependent on favorable weather conditions (Husein, Fseha, & Keros, 2022, pp. 3-4). 

 

Thermography is an attractive diagnostic approach since it allows for wide coverage of building 

envelopes without destructive methods. Besides defects in building insulation and thermal 

bridges, thermography has also been used for detecting other defects such as ventilation heat 

loss, moisture problems, and building services. This diversity of application is probably why it 

has become so common (Fox et al., 2008, pp. 5-7). 
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It should be noted that images obtained from thermography do not simply speak for themselves. 

The value of these images lies in their ability to be interpreted by the thermographer. For this 

reason, it is important to note that thermography should be used as an aid rather than as evidence 

of a particular defect (Fox et al., 2008, pp. 2-3). 

2.6 Thermography for Building Energy Assessment 

Infrared thermography has been used for building diagnostics for quite some time. This is 

because it has aided building envelope thermal performance assessment. This is according to 

Balaras and Argiriou, who note that thermal infrared images assist in determining how and 

where energy is lost from building envelopes. This has enhanced building audits through 

examples from envelope, mechanical, and electrical inspections (Balaras & Argiriou, 2002, pp. 

171-172). 

 

A major advantage of thermography is that it is useful in the identification of certain types of 

building defects. According to Fox et al., thermography has the ability to qualitatively locate 

unwanted air leaks, check the continuity of the building’s insulation, as well as locate thermal 

bridges, which tend to occur at the junctions and corners of the building. The study also points 

out that unwanted air leaks as well as the presence of lower thermal conductivity may cause 

condensation and the growth of molds on the cooler surfaces of the building (Fox et al., 2008, 

pp. 5-7). 

 

Thermography is also used in the advanced analysis of building defects, specifically the analysis 

of thermal bridges. In an experimental study, Bianchi, Pisello, Baldinelli, and Asdrubali discuss 

the application of infrared thermography as a reliable qualitative technique of investigating the 

existence of thermal discontinuity in buildings, as well as the assessment of the influence of 

thermal bridges on the building envelope’s thermal losses. The study results indicated that the 

thermal bridges in the test room contributed about 9% of the building envelope’s heat loss 

(Bianchi et al., 2014, pp. 7115-7117). 

More recent developments have made thermography accessible even to non-experts, as 

discussed by Mauriello, who indicated that the smartphone-based thermographic cameras 

created an opportunity for engaging the public in building energy efficiency issues. The study, 

which was done in the field, indicated that the participants were aware of the usefulness of the 

thermographic cameras in the identification of building energy efficiency, as well as the 
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increased awareness of the energy efficiency of the building, though they were not confident 

about interpreting the results of the thermographic cameras (Mauriello et al., 2017, pp. 1768-

1769). 

 

This is relevant to homeowner-oriented studies, as thermography may not only be used as an 

analytical technique, but as a communication technique as well. Hawas and Al-Habaibeh 

indicate that the engagement of the public in the improvement of building efficiency depends 

on their ability to understand the comfort, economic, as well as the environmental benefits of 

addressing energy efficiency, as well as the size of the improvement needed before the decision 

is made. The study, therefore, viewed thermography as an aspect of the overall process of 

creating awareness (Hawas & Al-Habaibeh, 2020, pp. 1-2). 

2.7 Homeowner Engagement and Energy Renovation Decisions 

Infrared thermography, as a tool in building diagnostics, has been seen as useful, but it has been 

noted that it is affected by various factors, including technical ones. According to Fox et al., it 

is only through the application of thermography that it is possible to measure temperature, but 

this is because there are various factors that have an effect on the results, such as surface 

emissivity, climatic conditions, and reflected apparent temperatures. This has been seen as 

leading to various misunderstandings regarding the results obtained (Fox et al., 2008, pp. 5-7). 

Environmental factors also play a role in the reliability of the survey. Fox et al., in their article, 

state that the reliability of the survey using external thermography is more likely to be affected 

by environmental factors than the reliability of the survey using internal thermography. They 

also state that the reports should include the construction features and environmental conditions 

observed during and before the survey (Fox et al., 2008, pp. 11-12). 

Other researchers also warn that the reliability of the survey is also influenced by the operator 

and the external factors. Bianchi et al., in their article on the thermal bridges survey using 

thermography, state that the infrared thermography is one of the most reliable qualitative tools 

used in the existing buildings, but the reliability of the survey using thermography is also 

influenced by the operator and the environmental factors. They also state that the reflected 

radiation, estimation of emissivity, and camera setting should also be considered, especially 

when using thermography as a quantitative tool. (Bianchi et al., 2014, pp. 7108-7109). 

Another limitation that may be encountered when using thermography is that it may only show 

the symptoms rather than the actual cause of the problem. Fox et al. contend that learning to 
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read, recognize, and classify defects based on the characteristics of the thermal patterns that are 

presented may be the most difficult aspect of the thermography process, as suggested by some 

studies that show that it may not be possible to definitively determine the existence of defects 

without additional equipment or investigation (Fox et al., 2008, pp. 3-6). 

2.8 Environmental Impacts of Building Energy Use 

 

Building energy use is much more than a matter of efficiency or cost effectiveness since it is 

one of the most crucial environmental issues due to its relation to the problem of global 

warming, resource consumption, and design of energy systems. According to statistics 

presented by IPCC in 2022, the demand for final energy in buildings amounted to 128.8 EJ in 

2019, which was equal to 31% of total global final energy demand, while the demand in 

residential buildings accounted for 70% of energy consumption in buildings (IPCC, 2022, p. 

957). As for Sweden, in terms of the building sector, the share of energy used for heating, 

cooling, operation, and lighting in buildings is nearly 40% of Sweden's total energy 

consumption (Kungl. Ingenjörsvetenskapsakademien [IVA], 2012, p. 6). Thus, building energy 

use appears as one of the most pressing areas where environmental engineers should act to 

reduce energy consumption and alleviate negative environmental effects. 

 

In Sweden's building stock, single-family houses play a special role due to their high share in 

terms of both energy use and residential floor space area. According to national statistics, small 

houses have the largest proportion of energy use among homes and premises, equal to 40%, 

followed by multi-family buildings (33%) and premises (27%) (Energimyndigheten, 2017, p. 

15). In addition, the stock renewal process proceeds very slowly, and according to data obtained 

in Dalarna's study, the rate of annual renewal of occupied small houses is 0.4%, which confirms 

that climate and energy objectives can be achieved only by addressing the existing stock of 

small houses (Länsstyrelsen Dalarna, 2014, p. 9). Hence, from the perspective of environmental 

engineering practice, reducing energy loss in existing small houses is an important and 

necessary activity. 

 

The environmental importance of heat loss becomes obvious when it comes to space heating as 

one of the dominant ends uses. According to the Intergovernmental Panel on Climate Change, 

space heating was the dominant end use in residential buildings across the globe in 2019, while 
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in Europe and Eurasia more than 50% of the energy consumed in residential sector served the 

purpose of providing heat (IPCC, 2022, p. 955). The operational implication of this issue 

consists in the fact that the inadequacies of the building enclosure, such as air leakage, low 

insulation, and thermal bridges, inevitably lead to higher consumption rates, because the 

escaped heat needs to be compensated in order to ensure thermal comfort indoors. It is obvious, 

therefore, that in this case environmental damage will take place not merely in connection with 

the fault itself, but will continue in its wake as a long-term demand. 

As far as this particular environmental damage is concerned, it is necessary to take into account 

the fact that the climate impact of buildings, as well as other kinds of environmental, health-

related, and natural resource use issues need to be analyzed from a life cycle perspective. Thus, 

climate impact, other environmental impact, health effects, and natural resource use throughout 

life cycle (manufacture/construction, operation/maintenance, demolition/recycling) should all 

be taken into consideration (Boverket, 2015, p. 14).  

 

This aspect of viewing the problem is critical to Sweden in particular. Despite the fact that the 

energy composition of Sweden is not dominated by fossils, Boverket explains that both housing 

and services make up 35% of total final energy consumption in Sweden, which means that the 

operational energy needs to be considered in its relation to upstream emission and life-cycle 

considerations (Boverket, 2015, p. 12).  Therefore, the low fossil content of energy in Sweden 

does not eliminate environmental significance of energy efficiency in buildings but emphasizes 

the importance of system approach to resource efficiency and environmental management. As 

it can be seen from the above consideration, lower heat loss implies the lower need for energy 

resources and contributes to the overall environmental efforts to mitigate global warming 

through the reduction of energy demand throughout the lifetime of the building. 

 

In this regard, heat loss reduction can be viewed as an environmental engineering task in general 

terms since it represents how interactions between different systems - material, energy, and 

human behavior, contribute to environmental outcomes. One more reason why the 

improvement of energy and material efficiency in construction was recognized as an effective 

method to reduce greenhouse gases with low mitigation costs (IPCC, 2022, Chapter 9, pp. 955-

957). In fact, reducing heat loss in single-family households is environmentally relevant 

because it can help reduce greenhouse gas emission and environmental loads caused by 

excessive energy use. 
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3 METHOD 

The study part of this project was conducted as a mixed-method study. 20 Swedish single-

family houses (villas/terraced houses) will be looked at. The homeowners first attended a short 

educational session and completed pre-inspections questionnaires. Later they accompanied the 

researcher using the infrared camera during a guided inspection. They then completed post 

questionnaires and follow-up reflection activities. Quantitative survey results were combined 

with qualitative analysis of open responses and interview/reflection data. 

3.1 Research Design 

The research design that has been adopted for the study is the mixed research design, in which 

technical building diagnostics and survey methods, as well as qualitative methods, are 

integrated in the study. The purpose of the study is to examine the effect that the application of 

the infrared thermography, as interpreted by the researcher and presented to the homeowners, 

may have on the understanding of the homeowners regarding the performance of the building. 

 

The study connects the observations that are made in the diagnostic process regarding the 

building envelope with the processes that homeowners may use in the interpretation and 

decision-making processes that are relevant to the study. The technical component of the study 

includes the application of the infrared thermography in the inspection of the residential 

buildings in order to determine the irregularities in temperature that may be an indicator of the 

existence of possible heat loss mechanisms in the building. The social component of the study 

includes the application of questionnaires and reflective statements that are intended to evaluate 

the perception, understanding, and motivation of the homeowners before and after the 

inspection. 

3.2 Study Sample and Recruitment 

The empirical base of the study is expected to comprise around 20 Swedish single-family 

houses, including villas and terraced houses. The reason for focusing on single-family houses 

is the significance of this type of residential building in the Swedish building stock, as well as 

the fact that renovation decisions in this segment of the Swedish building stock are typically 

made by the homeowner. Multi family homes work differently in a renovation sense, since the 

individual residents in the apartments do not make renovations decisions themselves. Multi 
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family home renovations decisions are usually made post inspection by the housing 

cooperative. 

 

A purposive, as well as a convenience-based, sampling method is planned for the study, with 

homeowners of the selected houses who meet the inclusion criteria and are willing to participate 

in the study being invited to do so. The inclusion criteria are that the house should be a single-

family house or a terraced house, that it should be used as a permanent residence, that the floor 

area of the house should be 80 m² or larger, and that the house should permit the thermographic 

walk-through of the building components of interest. 

 

The study sample is not expected to be representative of the Swedish population of single-

family houses, with the goal of the study instead being to gain some empirical insights into the 

effect of thermographic inspection and guided interpretation of the thermographic results on 

the homeowner’s understanding of building energy performance. As well as insight in to 

common issues in single-family homes, where addressing these, can result in lower energy 

usage and in turn put less strain on the environment. 

3.3 Building Documentation 

For the participating houses, information about the building was planned to be documented, 

with the goal of this information being to aid the interpretation of the thermographic results 

obtained during the study. 

The reason that this information is necessary is that the temperature patterns observed during 

the thermographic inspection of the building need to be interpreted with regard to the building 

itself. 

The following information about the buildings was documented when possible: 

1. Construction year 

2. Type of Building 

3. Approximate floor area, 

4. Type of heating system 

5. Type of ventilation system (if known) 

6. Renovation history (if known) 

7. Visible building envelope characteristics 

8. Other observations that may seem relevant. 
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This information was meant to provide the context necessary for interpreting the thermographic 

results obtained during the study. 

3.4 Researcher-led Thermographic Inspection 

The researcher-led thermographic inspection was carried out by the researcher using a FLIR c5 

infrared camera. The homeowner was present during the inspection, but the researcher was the 

only person carrying out the inspection to maintain consistency across all the homes. 

The purpose of the inspection was to detect temperature differences that may have been present 

on the surfaces of the building, which could have been an indication of possible heat loss 

mechanisms or irregularities in the building envelope. These temperature differences may 

include: 

1. Air leakage around windows and doors 

2. Thermal bridges 

3. Possible deficiencies in the insulation envelope 

4. Irregular temperature patterns around attic hatches or wall-roof junctions 

5. Irregular temperature patterns around the distribution of heat in the building, and 

6. Other temperature differences that may be present on the surfaces of the building. 

 

To maintain consistency in the inspection of the homes, the researcher used an inspection 

checklist that included the following: 

1. Windows and doors 

2. Attic hatches 

3. External corners of the building 

4. Wall and roof junctions 

5. Floor and wall junctions where they are accessible 

6. Heating system distribution components 

7. Other components that may be present in the building envelope that the researcher may deem 

relevant during the inspection. 

 

A minimum of approximately 30 thermographic images were collected for each building, 

although the exact number depended on the complexity of the building. 
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The images were used as a qualitative indicator of possible heat loss patterns rather than 

quantitative measurements of heat loss. 

3.5 Measurement Conditions and Technical Limitations 

Infrared thermography is affected by environmental factors and, as such, it is important that 

contextual measurement conditions are taken into account. During each inspection, the 

researcher documented the contextual factors that could potentially affect the interpretation of 

the thermographic images. 

The contextual factors are: 

1. Indoor temperature 

2. Outdoor temperature 

3. Approximate indoor-outdoor temperature difference 

4. Time of inspection 

5. Weather 

6. Wind 

7. Precipitation 

8. Solar exposure. 

 

These factors are all important because the thermographic images are an indicator of surface 

temperature patterns, which are affected by both the building and environmental factors. 

Because of these factors, the thermographic images were used as an indicator for possible heat 

loss rather than as a quantitative measure of heat loss. The inspection is carried out in such a 

way that probable problem areas are determined, which could potentially require further 

investigation or renovation. 

3.6 Educational and Decision Support Procedure 

The homeowners were provided with an educational introduction on the fundamental aspects 

of heat loss in buildings and the basic principles of thermography prior to the start of the 

thermographic inspection. The educational introduction was provided so that sufficient 

knowledge was imparted to the homeowner in such a way that the thermographic images are 

easily understandable. In this regard, the homeowner was introduced to the basic concepts such 

as: 
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1. Mechanisms of Heat Loss e.g. Conduction, Convection, and Thermal Bridging 

2. Common Building Envelope Defects 

3. The Basic Principles of Infrared Thermography 

4. The Limitation in Interpreting Infrared Thermal Images 

 

After completing the inspection, the thermal images were interpreted and discussed with the 

homeowner. In this regard, the researcher interpreted the thermal images and explained them 

to the homeowner. In this case, the thermographic patterns are grouped based on their 

interpretations, such as: 

• Likely Air Leakage 

• Possibility of Deficient Insulation 

• Likely Thermal Bridge 

• Uncertain Situation Which Requires Verification 

• Observation Which is Not Clearly Interpretable 

 

The discussion of the thermal images with the homeowner was included in the decision support 

procedure in which the thermographic images are interpreted and explained in such a way that 

the homeowner becomes aware of the implications. 

3.7 Questionnaire Design and Data Collection 

To assess the impact of the thermographic inspection on the homeowners perception and 

understanding, questionnaires were carried out before and after the inspection. 

The pre-inspection questionnaire contained the following: 

• Homeowners perceived understanding of home performance 

• Homeowners perceived awareness of home heat loss problems 

• Homeowners perceived level of confidence in decision-making regarding renovations 

• Homeowners perceived expectations regarding the usefulness of the thermographic inspection. 

 

The post-inspection questionnaire, contained following: 

• Homeowners perceived usefulness of the thermography inspection 

• Homeowners perceived clarity and credibility of the findings presented to them during the 

inspection 
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• Homeowners perceived learning experience during the inspection 

• Homeowners perceived influence of the inspection on decision-making regarding renovations. 

 

Most of the questions were measured on a 5-point Likert scale, but 0-10 rating scales are also 

used for some of the self-evaluation questions, while some open-ended questions were also 

incorporated to allow the respondents to express their thoughts in their own way. 

The entire questionnaire is available to view under Appendix A. 

 

To summarize, the qualitative material consisted of the participants written answers to the open-

ended questions in the pre-inspection and post-inspection questionnaires. Additional comments 

made during the post-inspection reflection were recorded in the same participant record when 

relevant. Each response was linked only to the participant identification code P-01 to P-20. 

3.8 Data Analysis 

The collected data was analysed using descriptive quantitative analysis together with a 

descriptive review of the open-ended questionnaire responses and post-inspection reflections. 

The quantitative questionnaire data was analysed using descriptive statistics. The pre-inspection 

and post-inspection responses were compared with particular attention to the following aspects: 

• Understanding of the home’s energy performance; 

• Confidence in identifying areas of heat loss; 

• Perceived ability to make renovation decisions; and 

• Intentions to consider energy-efficiency measures. 

 

The results were summarised using response frequencies, numbers of participants and 

percentages. Where applicable, the pre-inspection and post-inspection results were presented 

alongside each other to show differences in participants’ responses. Due to the small sample 

size and the exploratory nature of the study, the analysis was descriptive, and no inferential 

statistical tests were performed. 

 

The open-ended questionnaire responses and post-inspection reflections were reviewed 

descriptively. The responses from participants P-01 to P-20 were compared to identify recurring 

observations concerning participants’ understanding, reactions to the thermographic findings, 

perceived usefulness of the inspection and intended actions. Similar responses were 
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summarised together when presenting the results, while responses that differed from the general 

pattern were also retained to show variation between participants. No formal qualitative coding 

or thematic analysis was conducted. 

The thermographic images were analysed qualitatively by examining recurring surface-

temperature patterns and irregularities in the building envelope. The observations were 

interpreted using building-physics principles and information about the inspected building, 

inspection conditions and location of the observed thermal pattern. The thermographic findings 

were used to indicate possible air leakage, insulation deficiencies and thermal bridges rather 

than to calculate quantitative heat loss or energy savings. 

3.9 Ethical Considerations and Data Protection 

The ethical aspects and data protection mechanisms were dealt with in a separate information 

sheet and consent form. This information sheet contained detailed information on the purpose 

of the study, what it entails, and how the data collected was used. 

The participation in the study was voluntary, and all participants were be required to sign an 

informed consent form prior to conducting any inspection or questionnaire. 

To ensure the privacy of the participants, their identifying information such as names and exact 

addresses were not used in the data set used for analysis. Each household was given a unique 

identification code. 

The consent form also contained information stating that the thermographic images collected 

in the course of the study could be used by the researcher as well as any other researchers for 

conducting scientific research, publication in academic journals, and presentation, as long as it 

was used in an anonymous manner and cannot be traced or linked to any particular individual 

or household. 

The participants were made aware that they have the right to pull out of the study as per the 

terms and conditions set in the consent form. 
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3.10 Characteristics of Participating Houses 

The houses that were used in 

this study were single-family 

homes and terraced houses in 

Västerås, Sweden. 

 

The houses were of different 

construction years, floor 

areas, and heating systems. 

The basic characteristics of 

the houses were recorded in 

order to aid in the 

interpretation of the 

thermographic inspection 

results. 

 

Table 1 shows an overview of the houses used in this study. 

Participation ID Construction 

year 

Area Heating 

system 

Known Energy related renovations 

P-01 1983 150 GSHP  3-glass windows 

P-02 2023 105 GSHP No renovations 

P-03 2023 101 GSHP No renovations 

P-04 1976 102 ASHP Some Windows, Front door 

P-05 1972 73 ASHP Windows, Doors, additional 

insulation, extension 

P-06 1991 87 ASHP Extension, windows, front door 

P-07 1992 85 ASHP Caulking Windows 

P-08 1992 115 GSHP, Wood 

fire 

extension 

P-09 2024 98 ASHP Solar Panels 

P-10 1991 92 ASHP, Wood 

fire 

Roof insulation and panels 2019 

P-11 1996 114 ASHP Solar panels, extension 

P-12 2022 101 ASHP No renovations 

P-13 1936 78 ASHP 1994 Renovation ground and upper 

floor, basement original 

P-14 1981 114 GSHP Upper floor done 1992, 2020 

renovation 

P-15 1909 140 ASHP, Wood 

fire 

Extension, additional insulation, 

Windows, Doors 

Figure 1 - Approximate locations of study homes 
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P-16 1972 96 ATWHP,  Extension, Additional Insulation, 

walls and floor, Windows, Doors, 

Roof 

P-17 1892 120 ASHP, Wood 

fire 

Windows, additional Insulation 

P-18 2017 300 ASHP No renovations 

P-19 1980 210 ASHP Windows and doors 

P-20 2015 197 ATWHP No renovations 
Table 1 – Participating Homes 

 

4 RESULTS 

This chapter outlines the results obtained from the thermographic inspection, as well as the 

results obtained from the questionnaire administered before and after the inspection. There are 

approximately 20 single-family homes in the results. 

Each house was given a unique identification code, P-01, P-02, P-03, etc. 

The results are presented in 3 sections. The first section outlines the general results obtained 

from the thermographic inspection, while the second section outlines the general results 

obtained from the questionnaire. The third section delves deeper in to the connections between 

the questionnaire answers and the results of the thermographic inspection. 

Due to the large number of houses that were inspected, it was not possible to include all the 

thermographic images obtained in the degree project. However, examples of the images are 

presented in this chapter. 

 

4.1 Thermographic Inspection Findings 

The thermographic inspections showed the presence of consistent patterns of energy loss for all 

inspected buildings. Even though different in intensity and magnitude, these patterns had 

common types. The main observations were related to the air leakage around windows and 

doors, possible insulation problems, thermal bridges, and a multitude of other findings. 
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4.1.1 Air Leakage Patterns 

As expected, air leakage was detected for all examined houses, and it mostly occurred around 

the edges of doors and windows. The intensity of air leakage was very different depending 

many causes, however, there was a clear correlation between building age and the intensity of 

air leakage. Unrenovated older building suffered from the greatest air leakage, were there were 

clear signs of gaps in, weather stripping, insulation, ventilation and door/window seals. 

4.1.2 Possible Insulation Deficiencies 

Insulation deficiency was detected in a number of inspected houses, mostly in older ones. In 

general, it was determined by the presence of cold spots located in certain parts of houses. 

Specifically, these locations were as follows:  

• In corners of rooms communicating with exterior walls. 

• On floors next to exterior walls. 

• At junctions of ceilings and roofs. 

 

In some cases, there were even vertical or horizontal extensions of cold zones, implying an 

inconsistent distribution of insulating materials.  

Older buildings tended to demonstrate more pronounced insulation irregularities as compared 

to newer buildings. 

4.1.3 Thermal Bridges 

Thermal bridges were found in a number of houses. They were usually caused by building 

construction using brick. Thus, cold spots appeared as particular thermal bridges bypassing 

insulating materials.  

There is a specific recurring pattern of thermal bridges when cold spots occur in adjacent 

structures as they start in one wall and then continue to spread to neighboring structures like 

ceilings and floors between floors of buildings. Thus, it was often found that thermal bridge 

effects could appear at the level of the ceiling of a lower floor because of the floor of the upper 

level. 
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4.1.4 Additional Observations 

Along with the above, there were other instances where the temperature was inconsistent. 

However, in most houses, problems were less critical in nature and were a combination of small 

inefficiencies that spread throughout the house. 

The biggest problems were usually related to: 

• Old windows/doors. 

• Imperfections in sealing. 

• Visible gaps in components. 

 

Some of the temperature inconsistencies were harder to determine and were possibly due to 

environmental factors or heat distribution in the room. 

4.2 Frequency of Thermographic Findings 

Some common types of heat loss pattern that were observed through the thermographic 

inspections in the inspected buildings included: 

Air leakages were detected in all the homes under study which means that the existence of 

infiltration of air is inevitable in buildings. Nevertheless, the degree of leakage varied among 

different houses. Some of the older renovated homes were found to be comparable in 

airtightness level with newly built homes and, in some instances, even better than the latter. 

Nonetheless, there was some inconsistency among renovated homes, with some having a 

leakage rate comparable to or worse than that of unrenovated old homes. 

 

Insulation problems were possible in about 14 homes out of 20. They usually occurred on the 

joints between corners of the wall, roof and floors and other areas of the building where the 

insulation of a room was inadequate. Although they caused additional heat loss, it was not 

thought of as an urgent problem to solve because it could only be solved by carrying out major 

renovations which cost much money. 

Houses that differed in the foundation used also displayed some differences. For instance, 

insulated concrete slab foundation led to heat loss at the lower portion of external walls yet kept 

the surface of the floor warm. On the other hand, a crawl space foundation resulted in lower 

heat loss at the wall base and colder floor surface due to air currents. It also appeared that 
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placing insulation above the concrete slab was not a good choice regarding thermal 

characteristics as per P-14. 

 

Thermal bridges were noted to occur in all buildings in varying degrees due to the connections 

between the structures inside the building envelope. Yet, only about six or seven dwellings 

experienced noticeable thermal bridging. These were usually attributed to certain construction 

features. 

 

There were no cases of severe or critical deficiencies in the sample population. Rather, most 

buildings presented a mixture of moderate inefficiencies. Nonetheless, there were some 

exceptional cases in which certain areas experienced more serious problems. For instance, one 

residence (P-10) had considerable air leakage under a kitchen cabinet, which may have been 

linked to an exterior ventilation port. This implied that cold air was seeping through the wall 

and influencing the temperature on its interior surface. In another example (P-04), considerable 

air leakage was noted in the vicinity of the balcony door, due to deteriorated weatherstripping 

and deformation of the door. The temperature at the point of inspection was recorded to be 

about 10°C, while the temperature inside the room was approximately 22°C. 

4.3 Baseline Homeowner perceptions Before Thermography 

This following part is regarding the results of the questionnaire answers. The answers to the 

questionnaire can be viewed under appendix A.  

Based on the data obtained from the pre-inspection questionnaire, one can observe how aware 

and knowledgeable about energy performance at the household level participants were, prior to 

the thermographic inspection. 

Overall, it appears that participants feel relatively comfortable with how much they know 

regarding the energy performance of their houses. The main reason for this is the fact that people 

seem to have a basic idea where the sources of heat loss could potentially be located. However, 

the amount of detailed information varies significantly and could be connected to different 

factors, such as building condition and renovation history. 

 

It is also possible to conclude that all participants believe that their house is inefficient, meaning 

that there are areas where heat is being lost without necessity. Nevertheless, not all respondents 

have a particular idea about what those places are or which renovation could be used to improve 
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the current situation. The degree of self-confidence in making energy renovation decisions was 

low to moderate. 

 

Furthermore, it is necessary to emphasize the difference between respondents depending on 

their type of accommodation. In most cases, the participants owning the newly built or recently 

renovated houses did not pay a lot of attention to heat losses. Moreover, in some cases, there 

were no expectations of finding problems in their buildings. 

When it comes to interests in energy performance and renovation, it should be stated that they 

vary greatly. While some people are highly interested and motivated by these questions and see 

them as an integral part of their daily routine, others demonstrate lower levels of engagement. 

 

However, the same is not true when considering environmental concern and motivation of 

participants to improve energy performance. There is a high level of motivation to improve 

energy performance for the benefit of lowering the monthly electric cost. The concern regarding 

the environmental aspect was not shared among the participants. Only 1 out of 20 participants 

had worries regarding their homes energy driven environmental impact. 

Overall, it could be observed that participants started the thermographic process with a different 

degree of knowledge and self-confidence, different expectations depending on building 

conditions and different interest levels in energy performance and renovation. 

4.4 Post-inspection Perceptions and Learning outcomes 

From analysis of the results obtained after thermographic inspections, it can be said that 

thermography was successful in creating learning experience among respondents in most cases, 

although there is significant variance in this area. 

 

Most homeowners stated that they have learned something new about heat losses in their homes 

during thermographic inspections. It seems that thermographic inspection helped them 

understand the connection between the abstract notions of heat losses and connect them to 

actual locations in a building. Using thermal images for that purpose seems to make invisible 

and incomprehensible processes more understandable. However, variance in the amount of new 

learning was found. Some respondents believed that before the thermographic inspection they 

already knew how their home performs in terms of energy consumption and, therefore, they 

have learned nothing new regarding their building. Still, it should be noted that even these 
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respondents said that thermographic inspection proved and confirmed their prior beliefs and 

expectations, thus helping them to learn about the subject matter more effectively. 

 

There are also examples when home owners stated that they did not benefit much from the 

thermographic inspection. In some cases, homeowners of newly constructed and renovated 

buildings noticed relatively few thermographic abnormalities. In other cases, the lack of interest 

in energy issues made thermographic inspection a poor learning experience. 

Still, most homeowners learned something new. Even those who claimed that they have 

discovered nothing new about their homes, acknowledged that their thermographic inspection 

taught them something in general, and that they became more knowledgeable about heat loss 

mechanisms and energy efficiency of their buildings. 

It also becomes apparent that many homeowners tend to overestimate their own understanding 

of energy performance of their buildings. During thermographic inspection, they became aware 

of the specific facts about the performance of their home. 

Thus, we can state that in general, participants experienced learning and the amount of learning 

depends on various factors. Thermographic inspections did help the participants to understand 

heat loss better. 

4.5 Perceived Usefulness for Renovation Decision-making 

From these results, it is evident that the perception of usefulness of the thermographic 

inspection in decision-making regarding renovation of the building varied based on the 

condition of the building and initial motivation of the homeowner. 

Participants owning buildings with noticeable issues in terms of energy performance were 

highly likely to make certain decisions after the inspection. According to the results, about 75% 

of the people surveyed reported their intention to make changes aimed at improving the energy 

efficiency of their buildings. However, in some cases, the intention to renovate already existed 

before the inspection took place. 

 

Additionally, it should be noted that the inspection had a positive impact on motivation in about 

half of the cases involving the participants that had identified a need to conduct renovations. 

Specifically, the majority of them believed that thermal images helped them identify existing 

issues in terms of building energy consumption and provided enough motivation to start 

implementing certain actions aimed at solving them. 
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The inspection was of relatively low importance to the people living in the buildings identified 

as new or renovated, since they did not experience any serious problems. Therefore, the need 

for action was not obvious to those homeowners; therefore, the main role played by the 

inspection was in confirming good building performance. 

Finally, the results obtained revealed the fact that the thermographic inspection helped 

homeowners make decisions by pointing out the areas for improvement. Specifically, it enabled 

the identification of the problem location. 

 

However, it should also be acknowledged that the inspection had a minor or even no impact on 

motivation and decision-making for some homeowners, mostly because they were not 

motivated to conduct renovations. 

 

The inspection was especially useful to owners of buildings with issues; visual evidence played 

a crucial role in increasing motivation for renovation and the impact of the inspection on 

decision-making differed based on building condition and owner interest. 

4.6 Participant Reflections 

The open-ended responses shed light on the experience of the thermographic inspection and the 

participants' interpretations of its results in the context of their personal homes. 

4.6.1 Suprise and Confirmation 

Several respondents reported feeling surprised about the extent and locations of heat loss from 

their home. Heat loss through the window and door sections was frequently noted as worse than 

expected.  

 

The post-inspection responses showed that around 80% of the participants reported at least one 

unexpected finding during the thermographic inspection. The most commonly mentioned 

unexpected findings concerned thermal patterns around windows, doors, floors, wall junctions 

or other actual locations. Participant P-1, for example, stated that “I had no idea the leakage 

around the doors was this bad.”  
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Unexpected findings were not necessarily negative. 9 of the participants reported that some 

parts of their homes performed better than they had expected. These observations mainly 

concerned interior roofing, floors, walls and ventilation systems. For example, participant P-2 

stated that  “It is surprising to see that there was little to no leakage from the ventilation system.” 

For 12 participants, the inspection mainly confirmed problems or conditions that they had 

already suspected. These participants commonly referred to air leakage around doors and 

windows, which will be discussed in the comparable results section.  

The remaining participants did not report a clear sense of either surprise or confirmation. This 

was particularly the case among participants living in newer houses or participants who reported 

limited interest in energy performance. 

 

Additionally, several respondents reported being surprised at some positive results as well. 

Certain parts of a building, roof and floor insulation for example, may prove to be more 

effective than initially expected. Simultaneously, however, some respondents stated that the 

results of the thermographic inspection only confirmed what they had known beforehand. 

4.6.2 Changes in Perception 

After the thermographic inspection, 12 of the 20 participants reported that their perception of 

their home’s energy performance had changed. The most common change was an increased 

awareness of the specific locations where heat loss might occur. Participants referred 

particularly to windows, doors, floor-wall junctions and roof connections. 

For 8 participants, the inspection did not substantially change their previous perception. These 

participants generally stated that the results confirmed what they already believed, that few 

thermal irregularities were observed, or that the house had recently been constructed or 

renovated. There were however exceptions, P-20, for example, reported that their perception of 

their home had not changed, even though they were presented with evidence contradicting their 

beliefs before the inspection. The reason for this was stated as a, “lack of care toward anything 

environmentally related”. 

The responses therefore showed variation. For some participants, the inspection changed their 

understanding of where possible heat loss occurred, while for others it mainly confirmed their 

existing view of the building’s performance. 
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4.6.3 Intended actions 

Following the thermographic inspection, 6 of the 20 participants reported an intention to carry 

out at least one action related to the observed thermal patterns, another 3 confirmed they were 

more likely to take some sort of action than not.  

Low-cost and relatively simple measures were the most common. These included replacing or 

adjusting weatherstripping, sealing visible gaps, and adjusting windows or doors.  

More extensive measures, such as replacing windows or doors or improving insulation, were 

mentioned by 3 participants. These actions were generally described as measures to be 

considered during future renovation rather than immediate interventions. 

7 participants stated that they did not intend to take any action after the inspection. The reasons 

included, few observed irregularities, recent renovation, cost, low interest. 

In some cases, the intended action had already been considered before the inspection. For these 

participants, the inspection mainly provided additional confirmation or helped identify where 

the measure should be focused. The results therefore describe intended actions and should not 

be interpreted as evidence that the renovations were completed. 

 

4.6.4 Clarity and Interpretation 

100% of the 20 participants reported that the thermographic findings were clearly explained 

and easy to understand during the inspection. Participants commonly stated that the 

combination of the thermal images and the researcher’s explanation helped them understand 

the observed temperature patterns. 

50% of participants indicated that the thermal images would have been difficult to interpret 

without guidance. These responses suggest that the images alone were not always sufficient for 

distinguishing between possible air leakage, insulation irregularities, thermal bridges and other 

causes of surface-temperature differences. 

None of the participants reported uncertainty or difficulty in understanding the thermographic 

findings. Overall, the responses indicate that the inspection was generally understandable when 
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the thermal images were combined with verbal interpretation. The findings do not show that 

participants could independently diagnose building defects using thermography. 

4.7 Comparable Results Divided in to Building Elements 

4.7.1 Windows 

The answers from the questionnaire show that 

people have different views regarding their homes, 

despite having the same issues. P-19 Was asked 

regarding their knowledge of air leakage around 

windows in their home, their answer was “I dont 

think that my windows have any leaks since they are 

quite new and are 3-glass windows” The 

thermographic inspection showed a severe leakage 

around a window in the living room, see Image 1. 

The inspector concluded that a weather stripping seal 

had gone hard, due to freqeunt sun exposure and 

cracked because of the window being opened and 

closed several times a year. The thermal image 

shows that the surface temperature on the 

windowframe around the broken part of the seal is 

around 8 degrees celsius cooler than the rest of the 

room contributing to significant heat loss from that 

particular window. After going over the thermal 

images together with the inspector P-19 Concluded 

that “I had no idea that there was leakage there, it 

makes sense since it is always cooler on that side of 

the room, however I just assumed it was the 

ventilation. It was good that I could visualize the 

problem, and also feel the cold drag when placing my 

hand at the leak as you instructed. I will definitely have someone change that weather stripping 

seal, I think it is relativly inexpensive, I dont know how mutch it saves in heating, but my indoor 

comfort will be better, I think.” 

Image 2 – FLIR2995 – P19 Living Room 

Image 3 – Flir2996 – P19 living Room 

Image 1 - FLIR1773 – P-04 Downstairs Bathroom 
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P-04 Was quite sure that they had air leakage around 

their windows, they said that “I know some of these 

windows are bad, since I never changed them from 

new. I also did some of my own renovations during 

the early 2000s. I know that the windows that are 

openable, especially in the bathroom are oerticularly 

bad” The thermographic inspection did show air 

leakage around the openable window in the 

downstairs bathroom, around a 7 degree difference. In this case, it was as in the case of P-19, a 

weather striping seal that had gone hard and was no longer creating a good enough seal between 

the window and the frame. After going over the photos with the inspector, they added “I 

honestly thought it would be worse, I expected the leak to be the same temperature as the 

outside. I am glad it is not as bad as I thought, howeer I will still change all of the weather 

strping around my doors and windows this coming summer”. 

 

P13 on the other hand had it the other way around, 

they were convinced that the windows they had were 

leaking. They stated “I’m not quite sure where, but I 

think all of the windows leak somewhere, especially 

the windows in the basement since they are from the 

1930s” The participant had not gone around and felt 

around the frames of the windows for leaks, but was 

convinced they were leaking. The thermographic 

inspections showed no substantial leaks around 

windows, both openable and fastened windows. Even 

the original windows in the basement, from 1936 

were holding an acceptable temperature compared to 

the inner temperature. The participant, after looking 

at the photos with the inspector, added “I really 

thought it was a lot worse, but I guess the windows 

are not as bad as I thought” The inspector asked what 

the reason was, for the doubt in the windows performance, the participant answered “Its always 

really cold close to the windows. The walls where I don’t have them are considerably warmer” 

Image 4 - FLIR1774 – P-04 Downstairs bathroom 

Image 5 - FLIR2583 - P-13 Uppstiars window 

Westward 

Image 6 - FLIR2584 - P-13 Uppstairs Window 

Westward 
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The inspector added the reason some of the windows areas feel cold, might be because the 

window glass itself might have higher convection, and thus a higher U value compared to 

modern glass windows. The participant agreed, stating that the windows were last changed 

during the 1970s and that this is most likely the reason for the cold areas around the windows. 

4.7.2 Doors 

P-1 was asked about their knowledge and concern 

of air leakage around doors in their home, they 

stated that “I feel like my doors do very little to 

insulate my home, its very cold close to all of my 

doors in the house, and if I put my hand close to the 

edge of them, I can feel the cold air” The 

thermographic inspection did in fact show exactly 

what P-01 stated, severe air leakage around all of 

the doors. P-01 later stated that it was “pretty much 

like I thought it would be” and “I will have to 

change some seals and see if the door can be better 

adjusted to avoid this unnecessary leakage” This 

example shows that thermography can confirm a 

homeowner’s own experience of discomfort while 

also making the location and extent of the air leakage easier to understand. In this case, the 

findings point toward relatively simple measures, such as replacing weatherstripping or 

adjusting the door, which may reduce unnecessary heat loss and improve indoor comfort. 

P-03 Thought the doors in their home were very 

well insulated, they said that “the doors here are 

100% very good, I have no reason to think that 

there would be air leakage around them. They are 

also quite new since the house was built in 2023”. 

The thermographic inspection showed that the 

house had acceptable small amounts of heat loss 

except, one of the 4 doors leading to the outside 

had conciderable more heat loss. A temperature difference of around 6 degrees was noted. 

After looking at the photos with the inspector P-03 added “I had no idea that that door was 

Image 9 - FLIR1701 - P-03 Front door 

Image 8 - FLIR1531 - P-01 Porch door 

Image 7 - FLIR1532 - P-01 Porch door 
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that much worse compared to the other ones … It does 

make sense, since It is the one we use most, and it gets 

a lot of sun exposure during the day.” This indicates 

that the thermographic inspection revealed a problem 

that the participant had not expected, especially 

because the house was newly built. The result suggests 

that even newer building components can show 

weaknesses, especialy if they are used often or 

exposed to environmental factors like sunlight. In this 

case, thermography helped the participant compare similar doors within the same home and 

identify one specific door that may require further inspection, adjustment, or maintenance. 

P-16 Expressed concerns regarding the weather 

stripping around the doors leading to the outside, 

stating: “On some of the doors, I can actually see the 

sunlight come through at the edge of the door. I think 

that the weather stripping has become old, dry and 

compressed, since it has not been changed or looked 

after for over 50 years” Looking at the thermographic 

photos, it shows that the doors do have some air leakage 

around them, especially at the bottom, however, the 

leakage around the doors is minimal compared to the 

thermal bridge that is next to the door itself. In almost 

all cases, the door leading to the outside was not the 

biggest contributor to cold air leakage. P-16 added that 

“I honestly thought the doors would be the biggest 

outlier, but it seems I was wrong. I thought they would 

be a lot worse, the thermal bridges and other air leakage 

you pointed out however, are concerning”. 

 

 

Image 10 - Flir1702 - P-03 Front door 

Image 12 - Flir2893 - P-16 Front door 

Image 11 - Flir2994 - P-16 Front door 
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4.7.3 Thermal Bridges 

The questionnaire showed that none of the participants thought their house had significant 

thermal bridges.  

The thermographic inspection showed some evidence of thermal bridges, but nothing that was 

majorly unexpected or indicating a problem in the building construction. The prevalence of 

thermal bridges was most noticeable in older homes particularly the ones built during the early 

20th and late 19th century. All homes have some sort of thermal bridge, since a 100% isolated 

home is impossible to build, however, it can be said that time, and the advancement in building 

technology has minimized energy losses due to large thermal bridges. 
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4.7.4 Floor 

P-14 stated that they believed their floor was loosing 

a lot of heat during winter times. The thermographic 

images taken from the outside of the property 

showed no extensive air leakages in connection to 

the concrete pad. P-14 stated that the home had the 

isolation material on top of the concrete pad, instead 

of underneath, like a traditional concrete pad would. 

This building practice isn’t used much, for a variety 

of reasons, indoor comfort being one of those 

reasons. The internal thermographic images did 

show that the indoor comfort was negatively 

impacted by the floor area being significantly colder 

in comparison to other similar properties. P-14 added 

that they would sometimes increase the heating 

during winter, to an above comfortable air 

temperature level to compensate the cold floor. This 

in turn leading to higher heating costs, and a 

“wastage” of energy.  

P-08 had similar concerns regarding their concrete 

pad. The reason for this was the fact that, they could 

see that snow would melt in a approximately 1m2 

area around the home close to were the pad meets the 

external walls during wintertime. P-08 concluded 

that that must be heat loss from the pad. The 

thermographic inspection concluded that there was 

some heat loss from the pads built in floor heating, 

however, it is not a cause for concern, since the heat 

loss is in line with other properties of the same age. 

P-08 added that this particular building used some 

type of block insulation, mostly used in industry, and 

that that might be the reason for the energy loss. 

Image 13 - Flir2679 - P-14 Dining room 

Image 14  - Flir2680 - P-14 Dining room 

Image 15 - Flir2179 - P-08 Concrete pad from 

outside 

Image 16 - Flir2180 - P-08 Concrete pad from 

outside 
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The thermographic images of the floors in almost all houses were quite unremarkable, in the 

sense that there were no large clear building issues, and no substantial air or water leakages. It 

was however clear that the photos taken on the inside, gave more insight compared to the 

external photos. 
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4.7.5 Walls 

Very few participants thought they had issues with 

their walls, the only ones who had concerns had 

additionally insulated their homes when renovating 

or adding an extension, the concerns were mostly 

about if the installation had been done right and if 

the materials used were compatible with the rest of 

the property. 

P-04 had no comments regarding the walls before the 

thermographic inspection. The inspection did show 

evidence of slight thermal bridging, as well as cold 

air leaking through the facade and through the 

wooden beams in the ceiling, causing some cold 

spots on the roof in the downstairs area. This was all 

most likely due to the homes construction, since the 

bottom half of the home had a brick façade, and the 

top half was wood paneling. Most of the wall issues, 

could be concentrated to the part where the brick and 

the wood meet. After Looking at the images, P-04 

added that “I had no idea about the cold spots on the 

walls. I assume that there isn’t really much I can do 

in this regard … I guess I will focus more on the large 

air leakages, since those are the tings I can change 

without large expensive renovations.”. 

P-05 was quite adamant that they had air leakages 

coming thru the walls of their home. They explained 

that “Since this is an old cabin, renovated and 

extended a bunch of different times by different 

people, I think there are issues with the insulation in 

the actual walls.” The thermographic inspection 

showed no issues with the walls, but did show cold 

Image 17 - Flir1745 – P-04 Living room wall in 

connection to roof 

Image 19 - Flir1746 – P-04 Living room wall in 

connection to roof 

Image 18 - Flir1879 - P-05 Kitchen wall to roof 

connection 

Image 20 - Flir 1880 - P-05 Kitchen wall to roof 

connection 
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spots on the inside roof  in connection with the walls. This was, however, only in some areas, 

and was most likely due to the construction of the original wood cabin, and the addition of 

insulation, after the fact. After looking at the photos P-05 added “The cold spots I have felt 

must have been coming from the internal roof, since the walls show no actual thermal bridges 

… I was in some ways surprised, since I thought it would be a lot worse than it actually seems 

to be.” 

P-12 thought they might have some issues with the 

insulation in their walls, when asked why, the said “I 

feel as if the builders have perhaps cut some corners 

when building this house, since there are other things 

I have questioned since moving in”. The home in 

question was finished during 2022, so the home can 

be considered new and modern. The thermographic 

inspection showed no flaws with the walls at all, in 

exception to some acceptable thermal bridging in 

corners and in connection to the roof. After looking 

at the photos P-12 added “I am happy to see that 

there were no building issues here. It is a relief to 

know that everything was done correctly, and that no 

corners were cut”. 

 

 

 

 

 

 

  

Image 21 - Flir2515 - P-12 Bathroom wall 

Image 22 - Flir2516 - P-12 Bathroom wall 
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4.7.6 Roof 

5 of the participants expressed concern relating to their roof causing unnecessary heat loss. It is 

clear that this is a limitation in the study. Internal photos of roofs do not in most cases show the 

actual surfaces of the roof in connection to the outside. The internal ceiling can show some cold 

spots, but these are in most cases related to the walls, were beams transfer cold through the 

wood itself. It is quite difficult to take photos of the outside roof in most cases. It could be done 

in some cases by going to the attic or going on top of the roof for photos. This was not done in 

this study so no accurate data relating to heat loss from roofs can be provided. The photos taken 

from the ground contain to much background heat radiation to in any way be an accurate 

representation of heat loss through the outside roof. 

4.8 Energy-Efficiency Measures Identified from the Inspection 

The inspector did not provide much detailed advice on energy related renovations to the 

participants, however the participants themselves had in some cases already made energy 

related renovation decisions on their own. These are according to the thermographic findings, 

some energy related renovations: 

According to the thermographic findings, the most relevant energy-related measures related to 

renovations include improving airtightness, particularly around doors and windows. The issue 

of air leakage was among the most frequent issues found during the thermographic inspections. 

In some cases, air leakage could be caused by old weatherstripping, gaps in frames, and doors 

and windows that failed to seal correctly. Such issues are easier to fix in comparison with other 

renovations. Replacing weatherstripping, sealing gaps, repairing frames, and adjusting doors 

and windows can be regarded as cost-effective measures, particularly in older buildings where 

local heat losses were detected. 

Improving or installing additional insulation can be seen as another energy-related renovation 

measure. According to the thermographic inspection results, there were cold spots in walls, 

floors, corners, and ceiling junctions in some cases. As a consequence, poor insulation might 

be considered in such areas. Nevertheless, such measures are less cost-effective in comparison 

with air sealing since insulation improvement requires access to constructions such as walls, 

roofs, floors, and foundations. It can be said that insulation-related measures should be carried 
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out along with other renovations, such as interior surface replacement, roof renovation, floor 

and foundation improvement. 

The findings also show that the condition and quality of past renovations are essential. Some 

old buildings turned out to be rather effective according to thermographic findings, while some 

new or recently renovated buildings demonstrated local air leakage and other problems. It can 

be assumed that the age of the building is not an indicator of its energy efficiency, but rather 

the quality of construction and maintenance matters. Consequently, the regular maintenance of 

windows and doors can be seen as one of the ways of avoiding unnecessary heat losses over 

time. 

It should also be noted that the improvements in heating system design may also contribute to 

energy savings, but this was not the primary aim of the thermographic assessment. Some of the 

participating households were either about to improve or already had improved their heating 

systems. In some cases decreasing their monthly energy bill by 30% from the installation of a 

more modern and more effective pump. Thermography highlights only heat loss patterns in the 

building envelope. Energy savings, however, require not only decreasing the heat demand but 

also increasing the efficiency of the heating system. In terms of environmental engineering, the 

ideal solution is the combination of both aspects of improvement. 

In summary, table 2 presents the renovation measures in regard to relevance and complexity: 

Measure Relevance based on findings Complexity 

Replacing weatherstripping 

around windows and doors 

Highly relevant where air 

leakage was detected 

Low 

Adjusting doors and 

openable windows 

Relevant where leakage 

occurred around frames 

Low 

Sealing visible gaps and 

cracks 

Relevant in areas with local 

cold air infiltration 

Low to medium 

Improving insulation in 

floors, walls, roof junctions, 

or corners 

Relevant where cold areas 

suggested insulation 

deficiencies 

Medium to high 

Considering thermal bridges 

during larger renovations 

Relevant where recurring 

cold structural details were 

observed 

High 

Improving heating-system 

efficiency 

Relevant for reducing total 

energy use, but not directly 

assessed by thermography 

Medium to high 

Table 2 - Renoavtion Measures, Complexity and Relevance 
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5 DISCUSSION  

5.1 Homeowner baseline perception 

 

Homeowners participating in the thermographic inspection process came from a variety of 

backgrounds with regard to their knowledge of energy performance in their home. While most 

owners had some vague notion of potential energy losses through areas such as windows, doors, 

floors, etc., many lacked specific understanding of where and how the heat may escape. Some 

owners seemed to underestimate or even overestimate the efficiency of certain components. 

From the point of view of environmental engineering, the most important finding of the research 

is that few homeowners were aware of environmental aspects of energy losses in the houses 

under study. Their motivation to undertake energy renovations was primarily focused on 

lowering the cost of electricity or heating bills as well as making the house more comfortable 

to live in. Only very few respondents cared about the environmental effect caused by excess 

use of energy resources. This means that energy renovation in single family houses is generally 

viewed by homeowners as an economical or comfort improvement measure rather than as an 

environmental one. This finding is significant for environmental engineers, since their tasks 

include not only identifying existing problems, but translating them into energy conservation 

and environmental reduction activities. 

5.2 Heatloss Patterns Identified by the Inspection 

A series of heat-loss patterns have been established during the thermographic inspections of the 

houses under study. The most common issues include air leakage at windows and doors, 

possible insulation deficiency in certain areas of the building envelope, thermal bridging and 

non-uniform temperatures in areas such as floors, corners, wall/roof junctions, etc. 

All these defects can be explained through the use of basics of building physics. Air leakage is 

associated with convective heat losses through warm indoor air escaping out of the house and 

being replaced with colder outdoor air, which takes place around doors, windows and building 

component gaps. Possible insulation deficiency relates to the heat transfer via conductive 

processes within the building envelope parts inadequately or irregularly insulated. The cause of 

thermal bridges lies in the way some of the building structural elements allow heat to bypass 

insulating layers, forming local cold areas. 
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From the viewpoint of environmental engineering, these defects result in increased energy 

requirements for maintaining thermal comfort indoors, which is relevant considering the high 

prevalence of space heating in Sweden. 

5.3 Effect on Homeowner Understanding 

 

The guided thermographic inspection contributed significantly to the increase of knowledge 

about heat loss among several homeowners since it provided them with a tangible visualization 

of invisible energy flows. Some respondents mentioned that due to the thermal imaging, they 

understood why some places inside their houses are cold and why energy loss occurs there. In 

one case, the inspection confirmed the assumptions of the homeowner, while in the second case, 

it made him realize that there were additional defects he did not suspect. 

 

The importance of this kind of diagnosis is connected with the fact that it combines the visual 

evidence with an explanation of the cause of defects. As it was shown, thermal images alone 

might be difficult to understand and interpret without guidance. At the same time, an 

explanation of the causes of energy inefficiency helps understanding them better and makes 

thermography much more effective both as a diagnostic and educational technique. Thus, 

thermography is a valuable communication and educational tool as well as a method used to 

find problems in buildings. 

 

From the perspective of environmental engineering, this means that homeowners receive not 

abstract technical information about building envelope, but visible signs of problems and their 

location. It increases personal interest in these problems and makes it easier for homeowners to 

deal with them in order to improve energy efficiency and environmental sustainability of their 

buildings. 

 

5.4 Influence on Renovation Intentions 

 

The influence of thermography on the renovation intentions of homeowners was noticeable 

only when the problems were clearly identified and understood. For instance, the respondents 
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who saw evident defects in their houses and received explanations from the researcher 

expressed intentions to do something to fix these problems by, for example, replacing or 

renewing weatherstripping, sealing gaps, or fixing doors and windows. At the same time, 

thermography allowed participants to clarify whether there were serious energy losses. 

 

However, thermography affected the decision-making process unevenly among the sample 

participants. Some people had a certain intention to conduct renovations prior to the inspection, 

while some were interested after the inspection and realized that there were energy efficiency 

problems. In any case, it means that thermography can contribute to making decisions about 

building renovations; however, not everyone decides to carry out renovations even after 

receiving evidence of their necessity. 

5.5 Usefulness and Limitations of Thermography 

 

Qualitative infrared thermography is shown to have merit as an initial environmental 

engineering approach for detecting potential heat losses in individual-family housing units. This 

is primarily due to the ability to provide visual representation of invisible thermal patterns. 

 

Nevertheless, there are several limitations with the use of this technique. First, the thermogram 

interpretation is dependent on several factors, such as differential temperature of 

indoors/outdoors, wind, precipitation, radiation from the sun, and surface characteristics. 

Second, the thermograms do not quantify annual energy loss nor savings after renovation. For 

these reasons, thermography cannot be viewed as a full-scale energy audit process; rather, it 

should be considered a qualitative analysis and communication method to detect problem spots. 

 

From the environmental engineering standpoint, this methodology is beneficial since it 

establishes a direct link between technical performance of buildings and the possibility of 

energy-efficient measures. However, for more quantitative assessment of the environmental 

impact of this approach, future studies might want to integrate it with actual consumption data, 

blower door testing, U-value estimation, or even post-renovation analysis. 
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5.6 Thermographic Findings in Relation to Building Physics 

The thermographic evidence found in this case can easily be attributed to building physics 

principles, conduction, convection, and thermal bridging heat transfers. 

Air leakage discovered in all inspected houses relates to convective heat transfers. Uncontrolled 

air leakage causes a significant portion of energy losses because warm air continuously leaves 

a heated space and gets replaced by cooler air from the exterior. According to building physics, 

air infiltration through cracks and openings is a significant source of heat losses in buildings 

and, in particular, in older structures whose sealing materials deteriorate over time. Material 

ages and became weaker, causing weather stripping to degrade or deformations of doors or 

window frames. For example, in many of the older buildings there were clear gaps between the 

door and its frame indicating serious air leakage.  

In contrast, air leakage in newer or refurbished buildings was not as severe; however, it could 

still be seen around connections. 

 

The comparison between older, renovated, and newer houses is also consistent with building 

physics literature. Indeed, poor-quality materials and aging contribute to higher rates of air leaks 

in older buildings. Yet, the results also prove that the quality of renovations is decisive; some 

houses have been adequately renovated to achieve similar performance levels as new houses. 

Consequently, air tightness does not solely depend on the age of buildings but also on their 

construction and renovation quality. 

 

Finally, possible insulation defects discovered during thermographic analysis relate to 

conductive heat transfer. Cold spots noticed in walls, floors, and ceiling junctions are indicative 

of poor or inconsistent insulation performance. They are more characteristic of older buildings 

because of generally worse insulation levels and quality. Based on building physics principles, 

insulation deficiencies cause additional heat transfers in the building shell. Therefore, an 

increased heating energy demand can be expected in those structures. 

Last but not least, thermal bridging, which occurred in several buildings, refers to areas of poor 

thermal resistance where heat transfer bypasses insulation layers. Thermographic inspection 

revealed such spots in brick structures and ceiling-floor junctions. Thermal bridges create local 

heat losses and adversely affect thermal efficiency. It should be noted that only certain buildings 

had notable thermal bridges, which shows that construction details and design influence their 

presence. 
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This relationship of heat loss from different foundation types in the obtained results may also 

be explained by building physics. Insulated concrete slab houses had more or less constant 

temperatures of their floors, yet lost heat in the lower sections of their external walls. In contrast, 

crawl space houses experienced reduced heat transfer near the bottom of their walls, yet had 

cooler floors owing to air movement below the building. 

In summary, the results prove that heat transfer characteristics observed in the studied houses 

coincide with typical heat loss processes in buildings, which are influenced by factors such as 

air tightness and quality of insulation. 

 

As far as environmental engineering is concerned, the described mechanisms result in higher 

energy requirements for heating. Thus, in a cold climate like the one in Sweden, when heating 

consumes significant amounts of energy, any heat losses caused by low-quality building 

envelopes contribute to energy wastage. 

5.7 Thermography as a Diagnostic Tool for Buildings 

The method of infrared thermography successfully revealed patterns which were related to 

possible ways of heat losses in the buildings. The tool allowed quickly and efficiently mapping 

areas in which significant differences in the temperature were observed. These areas were 

further analyzed to define whether they are associated with leaks, poor insulation quality, or 

other issues. 

 

It should be noted that from a technical standpoint, the results obtained can be regarded as 

accurate enough. Indeed, in almost all cases, the temperature differences revealed using the 

technique could be explained according to the principles of building physics, allowing revealing 

the probable reasons of the observed phenomena. The latter can be considered as further 

evidence of the value of the method proposed earlier. 

On the other hand, the use of this technique revealed some limitations to its applicability. 

Namely, the interpretation of thermal images requires thorough knowledge of the field since 

simple observation of temperature variations cannot provide sufficient grounds to conclude 

about the existence of any problem. For instance, in many cases, cold or hot surfaces might 

simply mean certain natural reasons rather than problems related to buildings. 

The fact is also supported by the results obtained in this study when the interpretation was 

performed by a person having sufficient knowledge of building physics and engineering. It 
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means that without the adequate expertise, users of the method risk misinterpreting 

thermographic images. 

 

As follows from the above, it can be concluded that the technique can be regarded as useful for 

preliminary screening and diagnosis but cannot be applied to definitively diagnose defects in 

buildings. 

Overall, the results indicate that thermography reliably helps identify potential ways of heat 

losses, however the results do require correct interpretation and it is advisable to apply the 

technique along with other methods. 

5.8 Thermography as a Communication and learning Tool 

The technology was designed and implemented to facilitate the diagnosis of potential energy 

losses, it is possible to state that infrared thermography can be considered a tool of 

communicating and teaching as well. Thermal imaging allowed participants to visualize some 

of the phenomena occurring in houses that are normally unnoticeable. This way, people became 

able to learn about certain characteristics of the buildings they live in. 

 

Generally speaking, participants had a better understanding of their houses' performance in 

terms of insulation and heating costs thanks to thermographic imaging techniques. Visual 

representation of temperature differences helped homeowners to link various processes related 

to heat loss and energy consumption with particular spots of their properties. Therefore, it is 

reasonable to speak of visual communication as an additional educational technique that makes 

information simpler and more transparent. 

 

However, it is also worth noting that the success of infrared thermography in communicating 

information depends considerably on its interpretation. Even though thermal imaging pictures 

themselves give some clues, the majority of participants needed to receive additional 

information in order to realize what particular phenomenon is reflected in the picture. It can be 

claimed that without the proper explanation, people might have misunderstood the content and 

significance of thermal pictures. 

 

The use of infrared thermography alongside with the physical examination of houses increased 

homeowners' understanding considerably. Participants stated that they could both see and feel 



46 

cold spots in some rooms due to the insufficient amount of insulation material. This way, the 

combination of visual cues and physical sensations was particularly helpful in understanding 

energy performance and energy losses of buildings. 

 

At the same time, there were also some phenomena that could hardly be understood using only 

thermography. Insulation problems, bridging, and other relatively complicated issues could not 

be comprehended easily without any explanations. Thus, it is necessary to interpret 

thermographic images in the context of building physics. 

 

All things considered, one may conclude that infrared thermography works effectively as a 

communicative tool when it is used as part of the educational process. From the perspective of 

environmental engineering, the positive effect of infrared thermography in communicating with 

homeowners will help people deal with energy losses. 

5.9 Implications for Energy renovation Decision-making 

Based on the findings of this investigation, there are a number of practical conclusions 

regarding the impact of various properties of residential buildings and maintenance on the 

efficiency of heat losses and the level of energy consumption of individual buildings. 

First of all, one should point out the dependence of the quality of the thermal state of the 

building on its age. Thus, newly built residential buildings usually have fewer thermal 

anomalies, including leaks, and fewer thermal bridges. This can be explained by high 

requirements for energy efficiency that are imposed on new buildings today, namely for the 

improvement of their airtightness and insulation. 

At the same time, it should be noted that the age of a building is not the only factor that affects 

its thermal condition. Indeed, some old buildings that have undergone thorough modernization 

have shown thermal performance comparable or even better than that of newer buildings. 

 

However, the performance of the foundation proved to be an especially significant criterion. 

The best thermal performance in terms of heat losses through the soil was demonstrated by the 

house equipped with a highly insulated foundation, specifically a "warm torpargrund" with 

sufficient insulation below the building. Such a solution helps to minimize heat losses through 

the ground and ensures optimal heating of the premises. 
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In addition, the study showed that quite affordable measures, such as window and door 

maintenance, could significantly affect the efficiency of heat losses. Thus, a number of old 

buildings with old windows were found to have a sufficiently good thermal state, which was 

provided by proper window maintenance. It involved replacing weather-stripping, tightening 

frames, and installing seals when installing installations. These procedures allowed to eliminate 

the problem of leaks and achieve results comparable or even exceeding those obtained from 

newly built houses. 

 

Finally, it should be noted that the issue of heat losses through conduction requires separate 

consideration. Although it is obvious that old windows have a larger coefficient of thermal 

transmittance (U-value), the findings of this investigation show that the phenomenon of air 

leakage through windows and doors causes greater discomfort and is more easily noticeable 

than conduction through glazing. 

 

Moreover, improvement in technical systems seems to be another factor involved. Several 

participants noticed that energy consumption dropped after replacing ASHPs, despite the fact 

that old devices were not decommissioned yet. Hence, installation of more efficient heating 

systems is another way to decrease the energy consumption. As for the reasons, it should be 

noted that more recent systems have better performance indicators due to further technological 

advancement. 

 

Thus, the findings imply that successful energy renovation could involve the following: 

• Sealing air gaps and improving airtightness. 

• Ensuring that insulation is adequate and installed in critical areas such as foundations 

and junctions. 

• Doing full instead of partial renovations. 

• Installing more advanced heating systems. 

 

The implications of these findings are that heat loss should be minimized while heating systems 

efficiency needs to be increased, to help homeowners reduce their energy consumption. In this 

way, it will be possible to lower the energy consumption as much as possible since northern 

climates space heating takes up a great proportion of energy usage. 
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5.10 Limitations of the Study 

There are several limitations associated with this research, and these need to be considered 

while analyzing the results obtained. 

 

First, the quality of thermographic images is affected significantly by environmental conditions, 

such as temperature difference, wind, solar radiation, and precipitation. Therefore, although 

every effort was made to choose a favorable climate for conducting the experiment, fluctuations 

in weather from one test to another may affect the image quality. 

Another limitation is related to the small sample size. Since there were 20 houses inspected, the 

results of this study cannot be generalized to the entire Swedish population of single-family 

housing units. 

 

Also, one of the limitations is associated with the high variability of participant characteristics. 

In each case, it was the homeowner who was surveyed, hence, each of the buildings had a 

person with a unique level of interest and motivation concerning energy saving and the need 

for renovations. Some people were very interested and motivated in the matter, while others 

showed little interest in taking any action based on the inspection. 

It should be mentioned that there is a possibility of self-selection bias in this study, considering 

that only volunteers participated in the survey. Thus, their interest in energy efficiency issues 

may be higher than in the general population. 

 

Moreover, the thermographic analysis conducted by the researcher can be characterized as 

qualitative rather than quantitative. The thermal images were used to identify problem areas, 

but no measurements of energy loss were taken. This means that the results obtained give 

information about what actions need to be done to save energy but cannot be used as an 

assessment of energy performance and energy savings. 

 

Since the images were analyzed by the researcher, there is a risk of introducing subjectivity into 

the process. Although the researcher's experience is sufficient for this, there is still a possibility 

of misinterpreting some of the patterns. 

 

Lastly, the focus on perceiving the situation and willingness to act does not imply that 

homeowners really implemented those plans in practice. 
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6 CONCLUSIONS 

The aim of this degree project was to investigate how researcher-led infrared thermography, 

combined with guided interpretation and decision support, could help homeowners understand 

heat loss in their homes and support decisions concerning energy-efficiency measures. The 

study combined qualitative thermographic inspections of 20 single-family and terraced houses 

in Västerås with pre-inspection and post-inspection questionnaires and participant reflections. 

The conclusions below answer the research questions based on the thermographic observations 

and the homeowners reported perceptions and intentions. 

 

The baseline awareness of heat loss varied between participants. All participants had some 

vague notions that heat loss occurs through various building components including windows, 

doors, floors, walls, roofs, junctions and the like. However, they did not have enough 

information to determine the exact heat-loss places and their degree. Environmental impacts 

were also not among the concerns of the majority of people prior to the inspection. For most 

respondents, reduced expenses and improved comfort were primary motivations for taking 

actions aimed at decreasing heat loss. 

Recurrent patterns of heat loss were identified during the thermographic inspections. Air 

leakage around doors and windows proved to be the most typical problem and appeared in all 

inspected buildings. Potential insulation insufficiencies were noted in several homes around 

their corners, floors, walls-roofs junctions, and old parts. Thermal bridges also were detected 

in various constructions, but they appeared to be less apparent. In summary, no critical or 

serious defects were indicated in any of the inspected buildings; however, there were numerous 

inefficiencies of smaller degree. 

The guided thermography helped to visualize previously unseen physical building phenomena 

to participants and thus increased their understanding of the inspected issues. The use of 

thermographic pictures enabled participants to associate such theoretical terms as air leakage, 

insulation deficiency, thermal bridge and the like with particular locations within their houses. 

Sometimes thermography confirmed suspicions of respondents, whereas, in other cases, it 

refuted their hypotheses about certain defects. It means that the process under consideration 

proved to be effective not only as a diagnostic instrument but also as a communicative tool. 

In addition, infrared thermography affected respondents' decisions related to home 

improvement in cases when there were evident and localized defects. The most common actions 

intended by participants were weather-stripping replacement, gap sealing, adjustment of doors 

and windows and possibly installation of new windows or doors. All mentioned steps seemed 
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quite feasible and financially rational compared to large-scale construction work or insulation 

installation. Nonetheless, thermographic inspection's influence on renovation decisions highly 

depended on owner's interests and condition of the property. 

Thermographic testing, according to the conclusions, is a valuable option for homeowners to 

use for environmental engineering purposes, provided that it is performed together with expert 

inspection and an explanatory process. This tool will not help in calculating the accurate rate of 

heat losses; its major value will lie in detection of areas that require closer attention, in increased 

awareness, and in helping make more qualified decisions regarding renovation. Thermography 

should not be used as the sole evidence of any defects in construction since the findings obtained 

will strongly depend on the weather, construction specifics, camera capacity, and interpretation. 
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7 SUGGESTIONS FOR FURTHER WORK 

Based on the findings of this study, there are multiple areas that could be developed through 

future research. 

 

First, it is worth noting that thermographic inspection alone cannot provide any quantifiable 

estimates regarding air infiltration and actual heat loss. However, since this method provides 

researchers with clues about potential problems, one of the avenues for future investigation 

would involve the use of quantitative measurement methods in conjunction with thermal 

imaging. In this respect, blower door tests or other air leakage measurement tools can help 

estimate the exact extent of air infiltration and calculate actual energy losses due to defects 

identified during the thermographic inspection. 

 

Furthermore, future research could examine the economic value of identified defects from an 

even closer perspective. For instance, providing homeowners with estimated energy savings or 

heating expenses linked with particular issues, such as poor window sealing, might motivate 

them to pursue improvements even more. 

 

Apart from that, future research could focus not only on intentions but also on actions taken by 

homeowners after the study. It is unclear if the participants of this project carried out 

renovations based on identified weaknesses. 

 

A more diverse set of buildings and subjects can increase the generalization of results and 

expand their application range. Therefore, another area for further exploration will involve 

conducting similar experiments in various climates, using multiple building types, and 

including a larger sample size in the project. 

 

There is another aspect worth researching when considering the role of thermographic 

inspection in motivating homeowners to improve insulation. This involves evaluating the effect 

of different levels of guidance on interpreting images and making decisions. 
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DECLARATION OF AI USE 

For the purpose of grammar and structuring the AI language tool ChatGPT (version 5.5) by 

OpenAI has been used. I take full responsibility for all content and results presented in this 

degree project. AI has not been used to generate text, add information or replace independent 

literature reviews, evaluations and research findings. 
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APPENDIX A: QUESTIONNAIRE + ANSWERS 

 

(Because of GDPR and lack of consent, 4 out of the 20 participant answers cannot be 

disclosed in the appendix) 

Part 1 - Background information 

1. How long have you lived in this house? 

• Less than 1 year - 12.5% 

• 1-5 years - 31.3% 

• 6-10 years - 0 

• More than 10 years – 56.3% 

 

2. Have you previously carried out any energy-related renovations in this house? 

• Yes - 50% 

• No - 50% 

• Unsure – 0% 

 

3. How would you describe your knowledge of home energy performance? 

• Very low - 0% 

• Low - 12.5& 

• Moderate - 31.3% 

• High - 25% 

• Very high – 31.3% 

 

Part 2  Baseline perceptions before thermography 

Please indicate your agreement with the following statements. 

Scale: 

4. I have a good understanding of where my house loses heat. 

1 = Strongly disagree – 6.3% 

2 = Disagree - 12.5% 

3 = Neutral - 25% 

4 = Agree – 25% 

5 = Strongly agree – 31.3% 

 



 

 

5. I believe my house may have areas with unnecessary heat loss. 

1 = Strongly disagree – 6.3% 

2 = Disagree – 6.3% 

3 = Neutral – 12.5% 

4 = Agree – 25% 

5 = Strongly agree – 50% 

 

6. I know which renovation measures could improve my home’s energy performance. 

1 = Strongly disagree – 31.3% 

2 = Disagree - 0% 

3 = Neutral – 6.3% 

4 = Agree – 12.5% 

5 = Strongly agree – 50% 

 

7. I feel confident making decisions about energy-related renovation. 

1 = Strongly disagree – 25% 

2 = Disagree – 0% 

3 = Neutral – 12.5% 

4 = Agree – 18.8% 

5 = Strongly agree – 43.8% 

 

8. Energy use in my home is something I think about regularly. 

1 = Strongly disagree – 31.3% 

2 = Disagree – 18.8% 

3 = Neutral - 18.8% 

4 = Agree – 18.8% 

5 = Strongly agree – 12.5% 

 

9. I am concerned about the environmental impact of my home’s energy use. 

1 = Strongly disagree – 87.5% 

2 = Disagree - 0% 

3 = Neutral - 0% 

4 = Agree – 0% 

5 = Strongly agree – 6.3% 

 

10. Improving the energy efficiency of my home feels important to me. 

1 = Strongly disagree – 25% 

2 = Disagree – 6.3% 



 

 

3 = Neutral – 37.5% 

4 = Agree – 12.5% 

5 = Strongly agree – 18.8% 

 

Part 3 - Expectations before the inspection 

What do you expect the thermographic inspection to show? 

• Some leakage 

• Might show slight leakage of hot air 

• To show cold spots 

• Heat loss around windows and doors. Also non working radiators and heat loss in ventilation 

• Leakage at old windows 

• Some leakge 

• Yes leakage 

• Big leakage in many places 

• House is new so Will be good, but might be some losses 

• Going to show where leakage is 

• Leakage 

• Leakage from floor 

• Front and washroom door, heat loss 

• Leakage from corner wall 

• Leakage around door and window lister 

 

 

(Open response) 

12. How useful do you expect the thermographic inspection to be for understanding your 

home? 

Scale: 

0 = Not useful at all 

10 = Extremely useful 

 

13. How likely do you think it is that the inspection will reveal previously unknown 

issues? 



 

 

Scale: 

 0 = Very unlikely 

 10 = Very likely 

 
14. How confident are you that you already know the main heat loss areas in your home? 

Scale: 

 0 = Not confident at all 

 10 = Very confident 

 
15. Are there any parts of the house you are particularly concerned about? 

• Doors  

• No  

• Door that leads to porch  

• Vardagsrum & källare  

• Roof isolation  

• Bathroom, wall  

• Roof 

• Floor and roof  

• Back yard door, roof window  



 

 

• Laundry room, balkong door  

• Concrete pad, door large  

• Front door Corner wall door  

• Skafferi  

• Front door 

(Open response) 

Part 4 - Experience of the thermographic inspection 

16. The thermographic inspection was easy to understand. 

 

17. The explanations provided during the inspection were helpful. 

 

18. The thermal images made building problems easier to understand.  



 

 

 

19. The inspection process was interesting and engaging. 

 

20. The inspection increased my interest in my home’s energy performance. 



 

 

 

(1-5 Likert scale) 

Part 5 - Learning and understanding 

21. I learned something new about how heat is lost from my home. 

 

22. The inspection helped me better understand my home’s energy performance. 



 

 

 

23. The thermal images helped me connect energy issues to specific places in the house. 

 

24. I now feel I have a better understanding of possible heat-loss areas in my home. 



 

 

 

25. The inspection improved my understanding of building energy efficiency. 

 

(1-5 Likert scale) 

Part 6 - Trust and interpretation 

26. I trust the thermographic findings presented during the inspection. 



 

 

 

27. The thermal images seemed credible as evidence of building problems. 

 

28. I understand that thermography provides indications that may require further 

verification. 



 

 

 

29. The explanations helped me avoid misunderstanding the images. 

 

(1-5 Likert scale) 

Part 7 - Renovation and decision support 

30. The inspection increased my motivation to improve my home’s energy efficiency. 



 

 

 

31. The inspection made it easier to identify potential renovation priorities. 

 

32. I feel more confident making energy renovation decisions after the inspection. 



 

 

 

33. The inspection made me more likely to investigate energy improvements further. 

 

34. I am more likely to carry out an energy-related renovation in the future. 



 

 

 

(1-5 Likert scale) 

35. How likely are you to take some form of action after the inspection? 

 
 
 

Scale: 
 0 = Not likely at all 
 10 = Extremely likely 

Part 8 - Reflection 

36. Which thermographic image or finding surprised you the most, and why? 

• Kitchen roof  

• Floor in guest bedroom  

• The heat loss around windows was greater than I previously thought  

• No suprise  

• Gavel, heat loss  



 

 

• Cold over pump in corner  

• Roof was better than expected  

• Floor in dining room was not as cold as I thought  

• Corners, didn’t know they let in cold  

• Corner walls in living room  

• Nothing surprised but interesting to see the big door leakage and the pad leakage  

• Floor was worse than thought  

• That you could see beams and thruses from outside  

• No  

• Kitchen corner  

• Living room corner 

(Open response) 

37. Did the inspection change how you think about your home’s energy performance? 

• No  

• Yes  

• Not really  

• Yes some, now I feel I know better where I loose heat 

(Open response) 

38. What type of action, if any, do you think you might take after this inspection? 

• None  

• Door weather stripping  

• No Doors  

• New rubber around door and window openings  

• Complete renovation of living room, add insulation  

• Main door and kitchen window  

• Change door Wall in bedroom, since it has no insulation  

• Change door upstairs, and improve window on front side  

• Weather stripping  

• Change doors 

• Door and window stripping 

(Open response) 

39. Was anything unclear or difficult to interpret during the inspection? 

• No  

• Without explanation it would be difficult, but with it was easy to understand 

(Open response) 

 

  



 

 

APPENDIX B: THERMOGRAPHIC INSPECTION PROTOCOL 

 

B.1 Purpose of the inspection 

The purpose of the thermographic inspection is to identify surface temperature irregularities 

in the building envelope that may indicate possible heat loss mechanisms, such as air leakage, 

insulation deficiencies, or thermal bridges. 

The inspection is intended as a qualitative diagnostic assessment rather than a quantitative 

measurement of energy loss. 

B.2 Equipment 

The inspection will be conducted using the following equipment: 

Infrared thermal camera: Flir C5 

 

Additional tools: 

• Digital thermometer 

• Celsicom box (measuring RF% and internal temperature) 

• Digital form for recording observations 

• Digital camera for reference photos (researcher only photos) 

B.3 Measurement conditions 

Thermographic inspections are sensitive to environmental conditions. To improve reliability, 

the following conditions should ideally be met: 

Preferred conditions: 

• Indoor-outdoor temperature difference ≥ 10°C 

• No direct sunlight on measured surfaces 

• Low wind conditions 

• No precipitation 

• Stable indoor heating conditions 

 

If ideal conditions cannot be achieved, observations will still be documented, but 

interpretation will consider potential environmental influences. 

B.4 Contextual data recording 

Before the inspection begins, the following contextual information should be recorded. 

Building information: 

• Building type 

• Construction year (if known) 

• Floor area (approx.) 

• Heating system type 

• Known renovations 



 

 

Environmental conditions: 

• Date 

• Time of inspection 

• Indoor temperature 

• Outdoor temperature 

• Approximate temperature difference 

• Weather condition 

• Wind conditions 

• Precipitation 

 

B.5 Inspection procedure 

The thermographic inspection will be conducted as a guided walk-through of key building 
envelope components. 

The homeowner may accompany the researcher during the inspection, but all thermographic 
images will be captured by the researcher to ensure consistency. 

The inspection will focus on building components where heat loss commonly occurs. 

B.6 Inspection checklist 

The following components should be inspected when accessible. 

Windows 

Thermal images should be taken of: 

• Window frames 

• Window-wall connections 

• Areas showing visible air leakage 

Possible indications: 

• Air leakage around frames 

• Poor sealing 

• Thermal bridging 

 

Doors 

Inspect: 

• Door frames 

• Door-wall connections 



 

 

• Threshold areas 

Possible indications: 

• Air infiltration 

Poor insulation around frames 

 

B.5 External wall corners 

Inspect internal wall corners and external envelope corners. 

Possible indications: 

• Thermal bridges 

• Insulation discontinuities 

 

Wall-roof junctions 

Inspect areas where walls meet the roof or ceiling. 

Possible indications: 

• Insulation defects 

• Air leakage pathways 

 

Attic hatch (if available) 

Inspect the attic access point or ceiling hatch. 

Possible indications: 

• Air leakage 

• Insufficient insulation 

 

Heating system distribution 

Inspect visible heating elements such as: 

• Radiators 

• Heating pipes 

• Floor heating areas (if applicable) 

Possible indications: 

• Uneven heat distribution 

• Heat leakage from pipes 

 

Additional observations 

During the inspection, additional areas may be inspected depending on building 

characteristics, including: 

• Electrical outlets 



 

 

• Ventilation openings 

• Floor-wall junctions 

• suspected draft locations 

 

B.7 Thermal image collection 

A minimum of 20 thermographic images will be collected for each building. 

Images should include: 

• Representative building envelope areas 

• Locations showing notable temperature differences 

• At least one overview image per major inspected area 

 

Each image should be accompanied by short notes describing: 

• Location in the house 

• Observed thermal pattern 

• Possible interpretation 

 

B.8 Interpretation categories 

Observed thermal irregularities will be categorized into the following groups: 

1. Likely air leakage 

 

Examples: 

• cold patterns around windows 

• drafts around door frames 

• irregular temperature patterns near attic hatches 

 

2. Possible insulation deficiency 

 

Examples: 

• localized cold surfaces on walls or ceilings 

• Irregular temperature patterns suggesting missing insulation 

 

3. Likely thermal bridge 



 

 

Examples: 

• linear temperature differences along structural elements 

• Corners with persistent cold surfaces 

 

4. Uncertain observation 

Examples: 

• patterns that may be influenced by environmental conditions 

• patterns that require further investigation 

B.9 Limitations of thermography 

Thermographic images represent surface temperature patterns, not direct measurements of 

heat loss. 

Observed patterns may be influenced by factors such as: 

• weather conditions 

• solar radiation 

• wind 

• material properties 

• indoor heating patterns 

 

 B.10 Post-inspection discussion 

After the inspection, the thermal images will be reviewed together with the homeowner. 

During this discussion: 

• The researcher will explain the observed temperature patterns 

• Potential heat loss mechanisms will be discussed 

• Findings will be categorized into interpretation groups 

• Potential implications for renovation or further investigation will be discussed 

 

 

 

 



 

 

APPENDIX C: PARTICIPANT INFORMATION AND 
CONSENT FORM 

 

Purpose of the study 

The purpose of this study is to investigate how infrared thermography (thermal imaging) can 

help homeowners understand heat loss in their homes and support decisions about energy 

efficiency improvements and renovations. 

The study is part of a master’s degree thesis in Environmental Engineering at mälardalen 

University. 

The research focuses on how thermographic images and explanations may help homeowners 

better understand building energy performance and identify potential areas for improvement. 

 

What participation involves 

Participation in the study involves the following activities: 

• A short questionnaire before the inspection 

 

 

• A thermographic inspection of parts of the home using an infrared camera 

 

 

• A discussion of the thermal images together with the researcher 

 

 

• A short questionnaire after the inspection 

 

 

The inspection focuses on identifying visible temperature differences on building surfaces 

that may indicate possible heat loss areas. 

The inspection and questionnaires are expected to take approximately 45–90 minutes in total. 

 

Data that will be collected 

The study will collect the following types of data: 

• Thermographic images of building surfaces 

 

 

• Notes about building characteristics (for example building age and heating system) 

 

 

• Questionnaire responses 

 

 

• General observations from the inspection 

 

 

No measurements of personal behaviour, financial information, or personal household 

activities will be collected. 

 

Anonymity and confidentiality 

Participation in this study is anonymous in the research results. 



 

 

No personal identifiers such as participant names or exact addresses will be included in the 

research data used for analysis or publication. Each participating household will instead be 

assigned a coded identifier. 

Any information that could reasonably identify a participant or their home will not be 

included in publications, reports, or presentations. 

The collected data will be stored securely and used only for research purposes. 

 

• Use of thermographic images 

The thermographic images collected during the inspection will be used as part of the analysis 

for the master’s thesis. 

The images may also be used in the future for: 

• academic publications 

 

 

• research presentations 

 

 

• teaching or educational purposes 

 

 

• further research conducted by the researcher or other researchers 

 

 

Any such use will be done in anonymized form, meaning that the images will not contain 

information that identifies the participant, their address, or their property. 

 

Voluntary participation 

Participation in this study is completely voluntary. 

You may choose not to participate, or to withdraw from the study, without giving a reason. 

If you choose to withdraw, any data that can reasonably be linked to you will be removed 

from the study. 

 

Questions 

If you have any questions about the study, you may contact: 

Martin Djogo 

mdo21002@student.mdu.se 

or 

Shaheda Tahmina Akter 

shaheda.tahmina.akter@mdu.se 

 


