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Abstract:

Thermal bridges significantly contribute
to heat loss in buildings, increasing energy
demand and environmental impact. This
study evaluates the effectiveness of ther-
mal bridge mitigation strategies in renova-
tion projects across three building types:
a single-family house (new building for
comparison), a multi-storey residential
building, and a kindergarten. Using HT-
flux simulations, transmission loss calcu-
lations, and life cycle assessment (LCA)
via LCAbyg, the research quantifies the
impact of thermal bridges and assesses
the trade-offs between insulation improve-
ments and embodied carbon emissions.
Findings show that thermal bridges ac-
count for 30–52% of total transmission
losses, excluding point losses, which
could further increase this percentage. Im-
plementing optimized solutions reduces
global warming potential (GWP) by
3.96–10.95%, demonstrating that thermal
bridge optimization is a viable strategy
for sustainable renovations. While addi-
tional insulation reduces operational en-
ergy demand, it slightly increases embod-
ied emissions. However, the net impact re-
mains positive, supporting the integration
of thermal bridge mitigation in energy-
efficient renovations. The study provides
practical recommendations for balancing
building performance and environmental
sustainability.
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Preface viii

Abbreviation
and symbols

Full Form Unit

A Area m²
d Thickness m
l Length m
R Thermal resistance m².K/W
U Thermal transmittance W/(m².K)
q Temperature °C
l Design thermal conductivity W/(m.K)
F Heat �ow rate W
Y Linear thermal transmittance W/m.K
c Point thermal transmittance W/K
DPM Damp proof membrane -
EPDs Environmental Product Declarations -
SFH Single Family House -
kWh Energy consumption kWh
GWP Global Warming Potential kg CO2-eq
LCA Life Cycle Assessment -
LCC Life Cycle Costing -
HT f lux Heat Transfer Simulation Software -
BE18 Building Energy Calculation Tool -
BR18 Danish Building Regulation 2018 -
LCAbyg Environmental Impact Assessment Tool -
DT Temperature difference K
Ti Indoor temperature °C
Te Outdoor temperature °C
E Total energy demand kWh/m²
F total Total heat �ux through the analyzed junction W
A1-A3 Raw material extraction, transportation, and

manufacturing
-

B4 Emissions from material replacements -
C3 Waste processing before disposal -
C4 Final disposal of materials -
D Bene�ts or burdens from material reuse, recy-

cling, or energy recovery
-

XPS Extruded polystyrene insulation -
ISO International Organization for Standardization -
DS Danish Standards -
EN European Norm (European Standard) -
SBI Danish Building Research Institute -

Table 1: List of Abbreviations and Symbols



Chapter 1

Introduction

1.1 Introduction

Buildings account for approximately 30% of global energy consumption and 26% of energy-
related CO2 emissions, making them a signi�cant contributor to climate change. As energy
demands continue to rise, improving building ef�ciency through sustainable renovation
has become crucial for reducing carbon footprints and meeting global climate goals. How-
ever, one of the main challenges in achieving energy-ef�cient buildings is the presence of
thermal bridges, which can signi�cantly undermine insulation performance and increase
overall energy use [1].

Thermal bridges occur at junctions between walls, �oors, roofs, and around windows
and doors, where insulation continuity is disrupted. These weak points allow excessive
heat transfer, leading to higher heating demands in winter and increased cooling loads in
summer. In some cases, thermal bridges can account for up to 30% of total heat loss and
increase cooling loads by 20% [2]. This inef�ciency not only raises energy consumption
but also affects occupant comfort and increases operational costs [16].

In addition to energy inef�ciencies, thermal bridges can cause secondary issues such
as condensation and mold formation. These problems may compromise the structural in-
tegrity of buildings and negatively affect indoor air quality, posing risks to occupant health.
Addressing these challenges requires a targeted approach, focusing on insulation strate-
gies that effectively minimize heat transfer at critical junctions in the building envelope [6,
9, 32].

Several methods exist to mitigate thermal bridges, including enhanced insulation, im-
proved construction detailing, and thermally broken materials. However, while these
strategies can reduce heat transfer, they often result in increased material usage and em-
bodied carbon emissions. Existing research has primarily focused on the thermal perfor-
mance bene�ts of mitigation strategies, yet fewer studies have comprehensively analyzed
the trade-offs between operational energy savings and environmental impact using Life
Cycle Assessment (LCA). Understanding these trade-offs is essential for developing reno-
vation strategies that are both energy-ef�cient and environmentally sustainable [1, 5, 28].

This study investigates the impact of thermal bridges on building performance and
evaluates the effectiveness of mitigation strategies through energy and environmental anal-

1
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ysis. By assessing transmission heat losses using BE18 and HT�ux simulations and eval-
uating sustainability aspects through LCAbyg, this research aims to provide insights into
optimizing building envelopes for lower energy consumption and reduced global warming
potential (GWP).

1.2 Purpose

This study investigates strategies for mitigating thermal bridges in buildings, with a focus
on balancing energy ef�ciency and environmental sustainability. Thermal bridges con-
tribute to signi�cant heat loss, and while mitigation measures such as improved insulation
and advanced construction techniques enhance energy performance, they can also lead to
increased material use and embodied carbon emissions.

To address this challenge, the study examines various insulation methods and renova-
tion strategies, assessing their energy savings and environmental trade-offs. By analyzing
material production, installation processes, and life cycle impacts, this research provides a
comprehensive evaluation of sustainable thermal bridge mitigation. The goal is to identify
practical solutions that enhance building thermal performance while minimizing envi-
ronmental impact, ensuring that mitigation strategies align with sustainable construction
practices.

1.3 State of the art

Thermal bridges have been extensively studied due to their impact on building energy
ef�ciency and thermal performance. This section provides an overview of the classi�cation
of thermal bridges, their effects on heat loss, and current methodologies for evaluating
and mitigating their impact. By reviewing existing research and standards, this section
establishes the foundation for assessing thermal bridges in renovation strategies.

1.3.1 Classi�cation of thermal bridges

Thermal bridges are classi�ed based on their geometry, material properties, or location
within a building structure. Understanding these classi�cations is essential for evaluating
their impact on energy ef�ciency and selecting appropriate mitigation strategies.

1. Geometrical Thermal Bridges: These occur due to discontinuities in a building's
shape, such as corners, junctions between walls and �oors, and roof intersections. Differ-
ences in surface area exposure result in increased heat transfer.

2. Constructional (Material-Related) Thermal Bridges: These arise from variations
in material properties, where materials with higher thermal conductivity—such as metal
fasteners, reinforced concrete, or structural steel—create localized areas of increased heat
loss.

3. Repetitive Thermal Bridges: These occur due to repeated interruptions in the insu-
lation layer, such as timber wall studs, wall ties, or balcony supports. While individually
small, their cumulative effect can signi�cantly reduce the thermal resistance of the building
envelope.
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4. Structural Thermal Bridges: These result from design elements that penetrate the
insulation layer, such as cantilevered balconies, window frames, and structural connec-
tion points. They create direct pathways for heat loss, making them critical targets for
mitigation.

Thermal bridges can also be classi�ed based on their heat transfer behavior , distin-
guishing between linear and point thermal bridges :

• Linear Thermal Bridges: These occur along extended surfaces, such as wall-to-
�oor or roof junctions, and are quanti�ed using linear thermal transmittance ( y -
value). Examples include window-to-wall connections and slab edges. The heat loss
is calculated as:

f linear = y � l � (qi � qe)

where y is the linear thermal transmittance ( W/ m.K), l is the length of the thermal
bridge (m), qi is the indoor temperature, and qe is the outdoor temperature. Standard
tables in DS418 provide typical y -values, though complex junctions may require
numerical simulation [20, 21, 23, 31].

• Point Thermal Bridges: These occur at discrete points, such as structural penetra-
tions, anchors, or fasteners, and are represented by the point thermal transmittance
(c-value). The heat loss is calculated as:

f point = c � (qi � qe)

where c is the point thermal transmittance ( W/ K), and qi and qe are the indoor and
outdoor temperatures, respectively [11, 21].

1.3.2 Importance and consequences

As insulation standards improve, thermal bridges remain one of the most signi�cant
sources of heat loss, contributing between 20–30% of total energy losses in well-insulated
homes. Their relative impact increases as overall insulation levels improve, making them
a growing concern in modern construction. Beyond energy loss, thermal bridges create
localized cold spots, increasing the risk of condensation and mold, which can damage
materials and negatively affect indoor air quality [20, 24].

1.3.3 Assessment and standards

Accurate assessment of thermal bridges is critical for compliance with energy performance
standards such as ISO 10211 [21], ISO 14683 [22], and DS418 [31]. These standards de�ne
calculation methods for thermal bridge heat losses and ensure reliable energy performance
evaluations. Analytical methods for assessing thermal bridges include:

• Simpli�ed Calculations: These rely on tabulated y -values for common junctions, as
speci�ed in standards such as DS418. While these methods provide a quick estimate
of heat loss, they often assume idealized conditions and may underestimate the
impact of thermal bridges [31].
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• Numerical Simulations: More advanced methods use software tools such as THERM
(2D analysis), ANSYS (3D �nite element analysis), and HT�ux to model heat transfer
through complex junctions. HT�ux, in particular, follows ISO 10211 for calculating
linear thermal transmittance ( y -values) and incorporates surface temperature anal-
ysis to assess mold and condensation risks, aligning with ISO 13788. These models
account for detailed material properties and geometric con�gurations, providing
more accurate results than simpli�ed methods [11, 18, 24].

Additional tools such as BE18 and LCAbyg are used for broader energy and environ-
mental assessments. These tools are discussed in more detail in the methodology section.

1.3.4 Mitigation strategies

Effective mitigation strategies aim to reduce thermal bridging through design improve-
ments and material selection, ensuring better energy performance and thermal comfort.
These strategies can be categorized into insulation continuity, thermal break integration,
and enhanced detailing:

• Ensuring continuity of insulation layers: Minimizing interruptions in insulation,
especially at critical areas such as corners, junctions, roof-wall connections, and �oor
edges, helps reduce thermal bridging effects [23].

• Incorporating thermal breaks: Using insulated balcony connectors, thermally ef�-
cient lintels, or other structural break solutions reduces heat transfer at penetrations
and connections [20].

• Applying exterior or interior insulation systems: Continuous insulation layers,
sandwich panels, or interior insulation can effectively minimize heat loss. How-
ever, interior insulation requires careful moisture control to prevent condensation
issues, particularly in heritage buildings where external insulation is restricted [23,
24].

• Optimizing construction detailing: Special attention to windows, doors, balconies,
and foundation junctions is essential to mitigate both linear and point thermal bridges.
Proper design detailing reduces unintended energy losses [23].

These strategies are particularly crucial in renovation projects, where structural limi-
tations and budget constraints often complicate implementation. Detailed numerical sim-
ulations provide precise thermal performance evaluations, helping optimize mitigation
measures for both new and existing buildings[17, 23].

1.3.5 Challenges in renovations

Renovation projects often face challenges due to older construction methods, material lim-
itations, and restricted access to critical junctions. Many older buildings feature wooden
beam �oors or uninsulated masonry walls, limiting the use of external insulation due to
structural constraints. In such cases, interior insulation becomes the only viable option,
but it increases the risk of condensation and moisture accumulation, particularly at beam
ends and masonry interfaces.



1.4. Study cases 5

For more recent buildings, fewer structural restrictions exist, but economic feasibility
and construction detailing remain key factors in selecting cost-effective thermal bridging
mitigation measures. Regardless of building age, balancing energy ef�ciency, cost con-
straints, and potential structural impacts remains a major challenge in renovations. Nu-
merical simulations and detailed assessments are essential for identifying the most effective
and feasible solutions [23, 24].

1.4 Study cases

This study examines three distinct building types selected as reference cases to evaluate
the effectiveness of thermal bridge mitigation strategies. These buildings represent a range
of construction methods, architectural designs, and energy performance levels, providing
a diverse basis for analysis.

For each case, key thermal bridges were identi�ed and analyzed, focusing on those
with the most signi�cant impact on heat loss. Figures of the selected buildings illustrate
the primary thermal bridges considered in this study, ensuring that the analysis addresses
the most critical factors in�uencing building performance.

1.4.1 Case 1: single–family house

The �rst case study examines a single-family house in Aalborg, Denmark, built in 2023 to
meet BR15 energy requirements. The house has a total �oor area of 181 m2, consisting of a
90.5 m2 ground �oor and a 90,5 m 2 �rst �oor. It is designed as an energy-ef�cient structure
with a speci�c heat capacity of 80 Wh/K·m 2, contributing to improved thermal stability.

The building's annual energy consumption is approximately 44.4 kWh/m 2, and an
airtightness test con�rmed a result of 0.8 l/s per m 2, meeting BR15 standards [14].

The total design heat loss, excluding windows and doors, is 3.8 W/m 2, which is signif-
icantly below the threshold of 5.0 W/m 2. The building achieves an estimated annual CO2
emission of 1.58 tons, aligning with Denmark's climate goals, and holds an A2015 energy
label, reinforcing its energy-ef�cient and low-emission pro�le [15].

Construction Details and Thermal Performance

• Total external area: 363 m²

• Lightweight Outer Wall: Cement-bonded particle boards with a PUR insulation
core, U-value: 0.12 W/m².K area: 171 m².

• Sloping Roof: DC elements with PUR insulation, U-value: 0.08 W/m².K area: 120
m².

• Terrain Deck: Polystyrene insulation and reinforced concrete, U-value: 0.08 W/m².K
area: 72 m²..

The foundation system integrates concrete slabs with high-performance insulation, sig-
ni�cantly reducing thermal losses. The roof construction follows a layered insulation
strategy, incorporating PUR insulation, mineral wool, and ventilated battens to enhance
thermal ef�ciency.
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This well-insulated envelope ensures compliance with strict energy regulations, mini-
mizing heat loss and improving indoor comfort.

Figure 1.1: Study Case 1 - Single-Family House

1.4.2 Case 2: multi–storey residential building (Magisterparken)

The second case study examines Magisterparken, a large multi-storey residential complex
in Aalborg, Denmark, originally constructed in the 1960s and renovated in 2012 to improve
energy ef�ciency. Before renovation, the building experienced signi�cant heat loss due to
poor insulation. Following the upgrades, it achieved an energy label C, indicating potential
for further improvements.

The renovation measures included adding 250 mm of mineral wool to the roof and
200–225 mm of insulation to the external walls, signi�cantly reducing heat transmission.
The building's current energy demand is approximately 75.4 kWh/m 2 per year, with a
heat capacity of 120 Wh/K·m 2 [26].

The total heated �oor area of the building is 1400 m², with no heated basement. The
total developed area is 446.8 m².

Construction Details and Thermal Performance

• Total external area: 1755.8 m²

• External Walls: U-value: 0.158 W/m².K, area: 706.05 m².
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• Roof: U-value: 0.13 W/m².K, area: 468.53 m².

• Ground Floor: U-value: 0.38 W/m².K, area: 468.53 m².

• Staircase Walls: U-value: 0.38 W/m².K, area: 112.86 m².

The renovation included improved insulation on all external walls and the roof to
enhance thermal ef�ciency. The roof received additional insulation, reducing heat trans-
fer and ensuring better energy performance. The staircase walls and ground �oor have
relatively higher U-values; however, they are not included in the heated area. These im-
provements contribute to an overall reduction in energy demand and carbon emissions,
making the building more sustainable while improving indoor comfort.

Figure 1.2: Study Case 2 - Multi-Storey Residential Building

1.4.3 Case 3: kindergarten building (Sønderholm Børnehave)

The third case study focuses on Sønderholm Børnehave, a kindergarten located in Nibe,
Denmark. The building was constructed in the 1980s and renovated in 2017 to improve
energy ef�ciency. However, no upgrades were made to the construction components.
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The kindergarten has a heated �oor area of 540 m² and a heated basement of60 m².
The total energy frame is 101 kWh/m 2 per year, meeting the requirements of "Renovation
Class 2" in BR18 [13]. The construction consists of bricks and concrete, and the building
has a speci�c heat capacity of 63 Wh/K·m 2 [8].

Construction Details and Thermal Performance

• Total external area: 1013 m²

• Hollow External Wall (35 cm Brick/Layer): U-value: 0.33 W/m².K, area: 84 m².

• Beam of Wood (200 mm Insulation): U-value: 0.2 W/m².K, area: 20 m².

• Facade Element (24 cm Concrete/Concrete):U-value: 0.69 W/m².K, area: 17 m².

• Light Wall Towards Unheated Room (Wood/Timber): U-value: 0.22 W/m².K, area:
4 m².

• Ground Floor (50 mm Mineral Wool): U-value: 0.26 W/m².K, area: 235 m².

• Basement Floor (150 mm LECA): U-value: 0.41 W/m².K, area: 145 m².

• Basement External Wall (0-1m Depth): U-value: 0.39 W/m².K, area: 31 m².

• Basement External Wall (1-2m Depth): U-value: 0.31 W/m².K, area: 31 m².

• Basement External Wall (Over 2m - 300 mm): U-value: 0.22 W/m².K, area: 25 m².

• Basement External Wall Against Soil Unheated Room: U-value: 0.22 W/m².K, area:
30 m².

• Attic Space Roof(100-200 mm Insulation): U-value: 0.35 W/m².K, area: 159 m².

• Attic Space Roof (Alternative, 100-200 mm Insulation): U-value: 0.18 W/m².K, area:
232 m².

The construction features a mix of brick, concrete, and insulation elements to ensure
thermal performance. Despite meeting energy ef�ciency standards, the relatively high
U-value of some elements indicates potential areas for further improvement.



1.5. Problem statement 9

Figure 1.3: Study Case 3 - Kindergarten Building

1.5 Problem statement

This study examines the environmental and energy impacts of thermal bridges in build-
ings, with a focus on identifying optimal design and insulation strategies to minimize heat
loss and reduce global warming potential (GWP). The research evaluates various insulation
materials and construction techniques in both renovation and new construction scenarios.
Through simulations and real-world case studies, this study aims to address the following
key questions:

• What proportion of total heat loss can be attributed to thermal bridges?

• To what extent can energy consumption and environmental impact be reduced
through effective insulation?

• Which materials are most effective in mitigating thermal bridge effects?

• How can the trade-off between reduced heating and cooling energy demand and
increased embodied emissions from additional insulation be optimized?

1.6 Limitations

This study has several limitations:

• Point thermal losses: Point thermal losses are excluded due to the extensive compu-
tational time required for 3D simulations. Although HT�ux supports 3D modeling,
a 2D approach was selected to balance accuracy and computational ef�ciency [18].
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• Wall corners: Wall corners, including outward and inward connections, are excluded
from the thermal bridge analysis. According to DS418, corner connections may be
disregarded if their impact on heat loss is negligible. Outward corners with uninter-
rupted insulation typically exhibit negative linear thermal transmittance, reducing
heat loss, while inward corners generally contribute to positive linear losses. These
effects tend to balance each other out, simplifying the analysis in compliance with
DS418 [31].

• Moisture analysis: While thermal bridges can lead to secondary issues such as
condensation and mold formation, this study focuses solely on thermal performance.

• Fire and moisture safety considerations: Fire protection and moisture control have
not been assessed in this study. Any implementation of thermal bridge mitigation
strategies should be reviewed by specialists in �re safety and perform building mois-
ture analysis to ensure compliance with regulations.

• Life Cycle Assessment (LCA): This study does not compare insulation materials
based on their environmental impact. Instead, it evaluates the overall embodied
environmental impact of the building after implementing thermal bridge mitigation
strategies. Materials are sourced from Danish Environmental Product Declarations
(EPDs), ensuring standardized data. However, no material ranking is conducted, as
the focus remains on assessing the building's overall sustainability rather than the
individual performance of materials.



Chapter 2

Methods

2.1 Methodology

This study follows a structured methodology integrating numerical simulations, standard-
based calculations, and life cycle assessment (LCA) to evaluate the impact of thermal
bridges on building performance. The methodology consists of six key steps:

1. De�ne case study buildings and gather their geometric and material speci�cations.

2. Identify thermal bridges and analyze heat transfer using HT�ux.

3. Perform BE18 calculations to estimate total energy demand, transmission losses, and
regulatory compliance.

4. Compare standardized DS418 linear loss values with simulation-based results.

5. Optimize thermal bridge mitigation strategies and assess improvements.

6. Evaluate environmental impact using LCAbyg to quantify embodied and operational
carbon emissions.

This integrated approach ensures a comprehensive assessment of both energy ef�-
ciency and environmental trade-offs.

2.1.1 Tools and standards used

To evaluate thermal bridge effects and the environmental impact of mitigation strategies,
this study employs three primary tools: HT�ux, BE18, and LCAbyg. Table 2.1 summarizes
their functions and compliance with relevant standards.

Table 2.1: Overview of Tools and Standards Used in This Study.

Tool Function Standard Used
HT�ux Thermal bridge simulations ISO 10211
BE18 Total energy demand, transmission loss, and

compliance veri�cation
DS418

LCAbyg Life cycle environmental impact assessment EN 15804

11
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Each of these tools plays a distinct role in the study, contributing to different aspects
of the thermal and environmental assessment.

2.1.2 HT�ux: thermal bridge simulations

HT�ux was used to re�ne the calculation of linear thermal transmittance ( Y-values), which
quantify the heat loss due to thermal bridges. These calculations comply with ISO 10211,
ensuring standardized heat transfer modeling. The simulation process follows these steps:

1. De�ne the geometric and material properties of each junction.

2. Assign boundary conditions based on indoor and outdoor temperatures as per
DS418.

3. Conduct steady-state heat �ow simulations to determine the thermal bridge effect.

4. Extract re�ned Y-values and compare them to standard DS418 tabulated values.

Although HT�ux supports 3D modeling, this study adopts a 2D approach to balance
computational ef�ciency with accuracy. Point thermal bridges are excluded due to the
extensive computational effort required for 3D simulations.

2.1.3 BE18: total energy demand, transmission loss, and regulatory com-
pliance

BE18 was used to estimate the total energy demand of the selected buildings, ensuring
compliance with Danish energy regulations. The software evaluates multiple energy-
related parameters, including:

1. Total energy demand, including heating, ventilation, and domestic hot water con-
sumption.

2. Transmission heat loss through walls, �oors, roofs, and windows, calculated using
U-values and heat transfer coef�cients determined according to methods outlined in
DS418.

3. Ventilation and in�ltration losses, considering mechanical ventilation ef�ciency and
air-tightness levels.

4. Internal heat gains from occupants, lighting, and appliances, in�uencing the net
heating demand.

5. Compliance with Danish building energy performance regulations, verifying whether
the building meets BR18 or BR15 energy requirements.

BE18 provides a comprehensive energy analysis, serving as a baseline before incorpo-
rating re�ned Y-values from HT�ux.
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2.1.4 LCAbyg: environmental impact assessment

To quantify the environmental footprint of different thermal bridge mitigation strategies,
LCAbyg was used. The tool evaluates both embodied and operational carbon emissions,
following the EN 15804 standard. The LCA analysis considers:

1. Embodied carbon emissions from insulation materials, structural components, and
other construction materials.

2. Operational energy savings due to reduced thermal bridge effects.

3. End-of-life impacts, including recyclability, disposal, and potential reuse of materi-
als.

The amount of thermal bridges considered in the LCA is calculated based on the total
length of such junctions in the building design, in accordance with ISO 10211, EN ISO
14683, and DS418. To determine the material quantities associated with these thermal
bridges, the total length of each junction type is multiplied by the thicknesses of the in-
volved building elements (e.g., �oor slabs, balcony slabs, and walls). This provides the
volume of materials contributing to the thermal bridge, which is then used to assess em-
bodied carbon impacts in LCAbyg.

As illustrated in Figure 2.1, the balcony detail in a multi-storey junction represents a
typical thermal bridge. The structural elements each have a length of 1000 mm, including
the �oor, balcony slab, light wall, and brick wall. These dimensions are used to de�ne the
global warming potential (GWP) of the thermal bridge as an individual component in the
case study.

Figure 2.1: LCA – Thermal Bridge Calculation Method – Multi-Storey Building
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2.2 Summary of methodology

This study integrates BE18 for total energy requirement calculations, HT�ux for thermal
bridge simulations, and LCAbyg for environmental assessments. The combined method-
ology ensures a comprehensive evaluation of both energy performance and environmental
sustainability.

1. BE18 provides total energy demand calculations, including heating, ventilation, and
transmission losses.

2. HT�ux re�nes thermal bridge calculations in compliance with ISO 10211.

3. LCAbyg evaluates embodied carbon and environmental trade-offs.

This structured approach ensures that thermal bridge mitigation strategies are opti-
mized for both energy ef�ciency and environmental sustainability.

Figure 2.2: Overview of the Methodological Work�ow.



Chapter 3

Findings

3.1 Design transmission losses

Total transmission loss for the building cases is calculated using the methods outlined in
DS418 and the BE18 tool, which is based on the SBI213 standard, depending on the type of
construction. Initially, transmission losses are calculated both with and without windows
and doors to determine their in�uence on overall thermal performance and to allow a
focused evaluation of structural thermal bridges. Excluding windows and doors provides
a clearer understanding of the relative contribution of thermal bridges to total transmission
losses (see Appendix 6) [27, 31].

Baseline scenarios are then established using linear thermal transmittance (values)
provided in DS418 tables to represent ideal Transmission loss conditions. Subsequently,
thermal bridge simulations are performed using HT�ux to evaluate their impact on trans-
mission loss. The results of these simulations, which incorporate material properties, ge-
ometric complexities, and junction-speci�c heat transfer behaviors, are compared to the
baseline values to quantify the additional transmission loss identi�ed through the detailed
simulation process. This comparison highlights critical areas where improved insulation
strategies can be implemented to reduce the overall transmission loss of the building (see
Appendix 7) [18].

3.1.1 Design transmission losses based on standards

Figure 3.1 highlights the contribution of design linear losses to total transmission losses in
building envelopes, based on DS418 standard table values. The percentages represent the
proportion of design linear losses relative to the total transmission losses, excluding doors
and windows, as these elements typically dominate overall losses. Transmission losses are
presented per square meter, where the total transmission losses are divided by the total
external areas.

The data illustrates that design linear losses, even when calculated using standardized
values, constitute a signi�cant share of transmission losses. In the single-family house,
design linear losses account for 25% of the total losses, while in the multi-storey building,
they contribute 32%. In the kindergarten, the percentage is lower but still notable at 10%.

15
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The highest observed percentage among the cases is 32%, demonstrating that design linear
losses account for approximately 10–32% of the total transmission losses (7).

Figure 3.1: Contribution of Line Losses to Total Transmission Losses in Different Building Types
(DS418)

3.1.2 Design transmission losses based on simulations(baseline)

Thermal bridges with relative length: Figure 3.2 highlights the percentage of transmission
losses caused by thermal bridges, calculated using simulation methods. The results reveal
a signi�cantly higher contribution of thermal bridges compared to the values derived from
DS418 standards, as illustrated in Figure 3.1.

According to the simulations, the impact of thermal bridges is far more substantial than
what is indicated by standardized values. In the single-family house, thermal bridges ac-
count for 51% of the total transmission losses, compared to 20% under the DS418 method-
ology. For the multi-storey building, the contribution reaches 52% in simulations, while the
standardized approach estimates only 24%, showing a 2.2-fold increase. Similarly, in the
kindergarten case, thermal bridges represent 30% of transmission losses in the simulation
results, compared to 9% in the standardized calculations.

The �ndings reveal that standardized methods often underestimate the role of thermal
bridges. Simulations provide more precise results by incorporating factors such as mate-
rial properties, geometric con�gurations, and junction-speci�c heat �ow. This enhanced
accuracy highlights the importance of simulations in improving energy performance as-
sessments and guiding strategies to effectively reduce heat loss. Details of the simulations
and methods used can be found in Appendix (8).
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Figure 3.2: Contribution of Line Losses to Total Transmission Losses in Different Building Types
(Baseline-Simulations)

3.2 Solutions for thermal bridges

Based on the analysis of 2D simulations that quanti�ed the precise impact of thermal
bridges on total transmission heat losses (as detailed in the previous chapter), several tar-
geted solutions were developed and applied to three distinct cases. The primary objective
of these interventions was to minimize linear thermal transmittance ( Y-values) and evalu-
ate the extent to which thermal bridge optimization could improve the energy performance
of buildings.

The analysis highlighted the critical role of thermal bridges in overall transmission
heat loss, particularly at junctions such as wall-to-roof connections, �oor-to-wall inter-
faces, window and doors installations, and foundation details. Addressing these areas, the
proposed solutions were designed to reduce thermal losses while ensuring compatibility
with current construction practices. These solutions were informed by an in-depth review
of existing literature, including modeling-based studies and practical examples from the
�eld [2],[11],[12],[17],[20],[23],[24],[25],[31].

3.3 Thermal bridges – single–family house

This case represents a newly constructed building. The solutions implemented in this
scenario were more straightforward to apply, as the project was assumed to be in the design
phase. Unlike renovation projects, no signi�cant challenges related to structural stability or
accessibility were encountered. Renovation cases often require addressing thermal bridge
connections while overcoming structural constraints and limited access to critical junctions.

Figures (3.3, 3.4) depict cross-sectional simulation results for the single-family house.
This method was employed as a strategy to identify the coldest spots within the construc-
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tion, either by analyzing the temperature distribution throughout the building elements or
by assessing the heat �ux direction and intensity. These analyses facilitate the optimization
of thermal bridge mitigation strategies to enhance overall energy performance.

Figure 3.3: Heat Flux Distribution in The Single-Family House Section (W/m²)
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Figure 3.4: Temperature Distribution in The Single-Family House Section (°C)
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Description Baseline Optimized

Door-foundation-�oor junc-
tion

In a new construction, there
is a small linear thermal
transmittance at this junction
due to the door frame's con-
tact with the leveling layer,
which consists of XPS groove
panels.

Increasing the perimeter in-
sulation thickness from 25
mm to 50 mm can enhance
the thermal performance of
the ground �oor. Addition-
ally, incorporating a thermal
break, such as ClimaSpec or
Armatherm FRR, beneath the
door frame can further re-
duce thermal bridging [10].

Detail

- Insulation
- Concrete
- Wood
- XPS
- Thermal Break
- Optimized

Heat Flow

Linear Loss, Y: Baseline = 0.11 W/m.K, Optimized = 0.08 W/m.K
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Description Baseline Optimized

Int. foundation

The linear thermal transmit-
tance in this detail is rela-
tively high for a new build-
ing, that is due to the di-
rect placement of the par-
tition wall on the partition
foundation.

Replacing the partition ma-
terial with lightweight con-
crete, which has lower ther-
mal conductivity, can sig-
ni�cantly reduce the linear
transmittance. However, this
may not always be feasi-
ble due to structural require-
ments. In this case, it
is considered feasible since
the project involves a single-
family house, which is con-
sidered to be in the design
phase [4].

Detail

- Insulation
- Concrete
- Wood
- XPS
- Optimized

Heat Flow

Linear Loss, Y: Baseline = 0.31 W/m.K, Optimized = 0.14 W/m.K
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Description Baseline Optimized

Roof-wall

The roof anchor has di-
rect contact with the wooden
boards, which contributes to
a signi�cant thermal bridge.

Increasing the wall insulation
thickness and adding insu-
lated plasterboard to the in-
terior frame signi�cantly re-
duce thermal loss, lowering
the linear thermal bridge by
over 80%.

Detail

- Insulation
- Concrete
- Wood
- Optimized

Heat Flow

Linear Loss, Y: Baseline = 0.16 W/m.K, Optimized = 0.03 W/m.K



3.3. Thermal bridges – single–family house 23

Description Baseline Optimized

Skylight

The skylight detail is based
on assumptions due to lim-
ited material information;
however, it is sourced from a
manufacturer [3].

The optimized skylight line
loss is achieved by increasing
the skylight frame joint size
and incorporating a 25 mm
thick insulation layer to en-
hance thermal performance
and reduce linear thermal
losses, as speci�ed in Table
6.12.4 of DS418 [31].

Detail

- Insulation
- Concrete
- Wood
- XPS
- Optimized

Heat Flow

Linear Loss, Y: Baseline = 0.06 W/m.K, Optimized = 0.024 W/m.K
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Description Baseline Optimized

Wall-�oor-foundation

The foundation exhibits a
signi�cant thermal bridge,
presenting opportunities for
improvement through the
application of effective solu-
tions.

Adding 100 mm insula-
tion around the foundation
block, extending up to the
lightweight plinth render
above the foundation, helps
to minimize linear thermal
losses.

Detail

- Insulation
- Concrete
- Wood
- XPS
- Optimized

Heat Flow

Linear Loss, Y: Baseline = 0.13 W/m.K, Optimized = 0.09 W/m.K
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