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Abstract

As a boundary between interior and exterior, the building envelope and its thermal properties are
crucial for heat lost and indoor comfort. Dynamic building envelopes offer the potential to optimize
buildings in terms of energy efficiency, save resources, and adapt to the needs of users. EnergySkin is
a designed dynamic building envelope, that actively controls heat flow through existing facades by
regulating the external wall temperature. Developed as a serial solution, it comprises a mounting
system and facade modules. The basic element of the fagcade modules is an insulated glass unit (IGU).
A contacted low-emissivity glass coating functions as an electrical heater. The necessary energy is
obtained from photovoltaics integrated into the IGU and from supporting battery storage units
included in the mounting system. This paper presents the analysis of internal heat flows, temperatures
profiles and fluid flows using numerical methods and computational fluid dynamics. Partial
investigations focus on the subsystems of the glazing centre and edge as well as the mounting system.
The overall system is examined analysed as a conjugate heat transfer between EnergySkin, the existing
structure and an airgap required to compensate for unevenness in the facade. The total results are
discussed in regards to its thermal behaviour in the context of heat loss and output demand. Finally,
directions for future development of Energy Skin are outlined.
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1.1.

Introduction

State of the art

Facades serve as the interface between the exterior environment and the building interior. A primary
function of facades is to minimize thermal transmittance, thereby playing a crucial role in maintaining
indoor thermal comfort and enhancing energy efficiency. Due to targets for carbon neutrality, the
energy-efficient retrofit of facades represents a key strategy to address the insufficient quality of
existing building stock (European Commission 2024). Adaptive facades can improve both energy
performance and occupant comfort by providing variable properties in response to environmental
conditions (Almesbah and Wang 2025). Adaptive features may encompass all functional aspects of a
facade. With respect to improving energy efficiency of the building, the capacity to dynamically adjust
thermal properties is key.

Adaptive facades with dynamic thermal properties can be classified into systems with latent heat
storage, variable solar absorptance, air-flow based dynamic walls, and dynamic insulation (Juaristi and
Krarti 2024). Two approaches are applicable for a dynamic insulation solution. Either the thermal
conductivity and therefore the heat transfer coefficient are variable or the solution changes the
temperature difference across the facade component (Yang and Chen 2022). Examples of switchable
thermal conductivities include systems with replaceable or removeable layers (Pflug et al. 2018), fluid
based thermal diodes (Pugsley et al. 2020), or phase change materials (Togun et al. 2025). Dynamic
insulations, which focus on the temperature difference include systems using thermoelectric modules
or pipe embedded systems (Yang and Chen 2022). As an example for the first system, a thermoelectric
facade consists of Peltier elements connected to heat conducting layers close to the interior and
exterior of the fagade. The Peltier element transports heat from one conducting layer to the other
bridging the static insulation. Despite recent advances, currently developed thermoelectric systems
still exhibit limited energy efficiency (Blum et al. 2023). The LEXU Il project, an example of a pipe
embedded system, has proven the feasibility of facade integrated heat sources to control the heat flow.
It utilized low-temperature water circulation in pipes embedded between the existing structure and
additionally applied static insulation (Gro8 and Schmidt 2020). It relied on heat pumps and grid
electricity. Subsequent systems like AktivDHKS include on-site photovoltaic generation (Weil et al.
2024).

EnergySkin is a proposed system that is supposed to regulate external wall temperature similar to pipe-
embedded systems. Unlike these systems, it employs an electric heat source to eliminate reliance on
moving components and liquids. Additionally, the integration of photovoltaics directly into the facade
and battery storage enable a high degree of self-sufficiency. The system is designed as a modular
system. The active modules are based on an insulated glazing unit, due to the capabilities of enclosing
the photovoltaics within and using developed coatings as the heat source. (Uhlig et al. 2026)

Simulations of the energy demand and yield for EnergySkin demonstrate the system’s potential to
achieve energy self-sufficiency while reducing heat loss from the interior to levels comparable to static
insulation, despite having around half the thickness (Stoppel et al. 2026). The energy flow through the
facade in performed simulations was considered to be one-dimensional, estimated convection and
transmissions in fluids by using equivalent thermal conductivities and neglected radiative
transmissions through transparent solids. Therefore, internal heat flows and temperatures profiles
need to be examined accounting for multi-dimensional heat flow as well as heat flow by convection
and radiation.
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1.2. Building physics

The heat transfer coefficient, U-factor, is used as key parameter of the thermal insulation quality (DIN
EN ISO 6946). Conventionally layers of materials with low thermal conductivities and high layer
thickness are used in the fagade to decrease the U-factor. Assuming static conditions the overall heat
flow is the product of multiplying the temperature difference times U-factor. The resulting heat flow
has to be constant across all component layers in accordance with the conservation of energy.

An external wall temperature regulation is manipulating the heat flow through a fagade by artificially
decreasing the temperature difference between the interior and the exterior. This can be achieved by
introducing an additional heat source inside the building component. First, heat flows from the interior
to the heat source. Secondly, heat flows from the heat source to the exterior. Both heat flows are
dependent on the temperature difference of the respective section. Compared to the conventional
approach the decisive factor is the temperature at the heat source. A higher temperature results in a
lower heat flow from the interior and a higher heat flow to the exterior. As consequence the
introduced heat hat to compensate these changes. The needed heat output at the state of equilibrium
can be described by formula 1:

heat output = heat flOWheat source — exterior ~ heat flOWinterior - heat source (1)

This considers a one-dimensional perspective and concentrates on conduction-dominated heat
transfer. The assumption is valid for an infinite wall composed of homogeneous layers. Consequently,
the heat source must be a heating layer to achieve uniform external wall temperature regulation.
However, since the wall is finite in size, potential geometric thermal bridges may occur. Additionally,
if the layers are not homogeneous, material-related thermal bridges can arise. If fluids or transparent
materials are included in the construction, heat is also transported by radiation and by convection.
Heat transfer through radiation occurs via electromagnetic waves, allowing energy to be emitted,
absorbed, transmitted, or reflected by layers. Natural convection involves the transfer of heat through
the bulk movement of fluids, where warmer fluid regions rise and cooler regions sink, creating
convective currents that enhance thermal energy transport. The Grashof number (Gr, formula 2) is the
ratio between buoyancy forces and viscous forces. It is dependent from the gravitational acceleration,
g, coefficient of volume expansion, B, characteristic length, L, and kinematic viscosity, V, as well as the
difference of the fluid temperature at the surface, Ts, and bulk fluid temperature T (Awasthi et al.
2025). A lower Grashof number suggest, that natural convection is suppressed by viscous forces.

_ 9B(Ts—Two)L?
Gr = T (2)

1.3. Investigated system

EnergySkin is a system currently being developed as an energy-neutral refurbishment solution and
using external wall temperature regulation. As a sustainable system it aims at achieving resource
efficiency, circularity, separability, durability and structural integrity. EnergySkin is a modular system
consisting of a mounting system and facade modules.

The core element of the facade modules is the double-glazed insulation unit with an argon filled cavity,
acting as passive insulation. Within the IGU two active layers are contained. A low-emission coating
based on aluminium-doped zinc oxide with electrical contacts is used on the third layer as a heat source
for regulating the exterior wall temperature. On the second layer photovoltaic cells are integrated to
provide the required operating electricity for the external wall temperature regulation as system-
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2.1.

integrated energy source. Battery storage is employed to guarantee that, during times of inadequate
photovoltaic output, the excess energy generated during periods of surplus production is used to
sustain operation. (Uhlig et al. 2026)

The mounting system provides a durable and removable attachment of facade modules to the existing
structure. To keep on-site labor to a minimum a plug-and-play approach is focused, which allows for
the efficient installation of prefabricated modules with releasable dowel or screw connections.
Required cables for the heating layer, photovoltaics and sensors can be routed through the mounting
system and connectors to the functional layers coming out of the sealed IGU are also contained within
the mounting system. To allow the facade module to be clamped by the mounting system, a sealed
airgap is kept between the existing wall and the facade module. This airgap has the added benefit of
acting as passive insulation. The mounting system has to create this airgap while compensating the
tolerances of the existing wall. A crucial requirement — and part of the presented research — is the
prevention of thermal bridges, which could diminish the effects of the external wall temperature
regulation.

Figure 1 is a schematic close up of EnergySkin at the mounting system with the considered heat flow
mechanisms. The heating layer, low-E-coating, is indicated by a yellow dotted line.
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Fig. 1: Considered heat flows within EnergySkin.

Methods

Overall approach

In accordance with ISO/DIS 15099, the system is subdivided into three subsystems to analyze heat
transfer mechanisms: the center of the glazing, the edge of the glazing, and the mounting system (Fig
1). Preliminary fluid dynamics simulations are conducted to study conduction and convection within
the air gap, defining convective boundary conditions.

The centre of the glazing is assessed using the software tool “WINDOW”, which models one-
dimensional, steady-state heat transfer. This covers conduction in solids by thermal conductivity,
conduction and convection in fluids by empirical coefficients and radiation by coefficients derived by
the Stefan-Boltzmann law. Since the glazing edge and mounting system are thermally coupled, they
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are analysed jointly using the software tool “THERM”. This analysis solves a two-dimensional heat
transfer using the finite element method. Within glazing and frame cavities, convection and radiation
are incorporated by an equivalent conductivity, increasing the fluids thermal conductivity with
convection and radiation effects. Convection effects for the gap of the IGU are imported from
WINDOW, while those within the mounting system are directly calculated by THERM.

The photovoltaic system integrated within the IGU is modeled as a shading element. The mounting
system is simulated four times in total, reflecting that tolerance compensation is applied solely to the
left jamb and the head, while a cavity is assumed for the sill and the right jamb. The U-Factor of the
entire system is derived by integrating the results obtained from the three subsystems with their
components, weighting their contributions according to their respective areas. The total U-factor is
calculated following formula 3.

_ > Usubsystem, component'Asubsystem, component (3)

UTotal -

ATotal

Obtained U-factors for the subsystems and the determined heat generation according to Formula 1
are used for a two-dimensional steady-state fluid dynamics simulation in Ansys Fluent. This is used to
investigate the flow behaviour in the air layers and the distribution of temperatures and heat flows
across the height of the fagade.

2.2. Boundary conditions, geometry and material properties

Figure 2A gives and overview of the assigned boundary conditions to the surfaces. As the mounting
system is in direct contact with the existing structure, the temperature at the contact surface should
be defined as boundary condition 1. Since the existing structure is assumed to be in a tempered state
due to external wall temperature regulation, a homogeneous constant temperature of 20 °C is
targeted. However, because the software tool does not allow for a boundary condition with a constant
temperature, a convective boundary condition with a bulk temperature of 21 °C and the highest
possible film coefficients is used as a substitute. The film coefficients were empirically determined as
28 W/(m?2K) at the head and 50 W/(m?2K) at the other components, as THERM could not complete the
calculations with higher values.

A) B) 36 8_, 29 |
1 - constant temperature*

2 - convection
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3 - convection and radiation
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4 - convection and radiation -

v

5 - convection

30
* substituted by convection due to limitations of the software tool

Fig. 2: A) Numbered boundary conditions B) Dimensioned geometry of the simulated mounting system.
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A preliminary fluid dynamics simulation studied the convective and conductive effects of the air gap
between the existing structure and the IGU. The simulation was performed with Ansys Fluent. The gap
was modelled two-dimensional simplified as a rectangle with a height of 2,000 mm and a depth of
40 mm. The flow model chosen was laminar and the Boussinesq approximation was used with air
assumed as an ideal gas. The boundary conditions were selected with constant 20 °C for the existing
structure and constant 16 °C for the second pane of the IGU with external wall temperature control.
The upper and lower boundaries are adiabatic. The resulting heat flux was 3.1 W/m? with an air gap
temperature of 18 °C. According to formula 4 (DIN EN ISO 7345) the film coefficient can be assumed
as 1.6 W/(mZ3K). This film coefficient as well as the air gap temperature are the selected convective
boundary conditions 2 and 3 for surfaces adjacent to the air gap.

Heat flux = film coef ficient - (bulk temperature — surface temperature) (4)

The convective boundary conditions 4 and 5 are selected as a temperature of -5 °C in accordance with
film DIN 4108-3 coefficients of 25 W/(m?K) in accordance with DIN EN I1SO 6946. As the temperature
of the existing wall is set as 20 ° the effective room temperature is the same for the radiative boundary
condition 3. The effective room emissivity is 0.9 following assumption of the emissivity of the exterior
surface of facade from the DIN EN ISO 6946. For the radiative boundary condition 4 an effective sky
temperature 11 K below the ambient temperature, thus -16 °C, with an effective sky emissivity of 1 is
adopted from DIN EN ISO 52016.

The grid dimension of EnergySkin is 2,000 mm in height by 1,350 mm in width. With a height of 1,975
mm and a width of 1,325 mm the IGU is smaller. The IGU is modelled as system of 5 layers. The first
layer is a generic clear glass with a thickness of 4 mm. The second and fourth layer are gaps with a 90 %
argon fill with a thickness of 0.1 and 16 mm respectively. The third layer is the modelled photovoltaics.
To the top and bottom edge of the glazing a distance of 29 mm and to the left and right edge a distance
of 60 mm is assumed for the photovoltaics, which covers 92 % of the remaining area. They are
substituted by a closed venetian blind, covering equal area, with a height of 80 mm, a spacing of 84 mm
and a thickness of 1 mm. The fifth layer is Pilkington K-Glass with a thickness of 4 mm as it has the
required aluminium-doped zinc oxide layer used as the electrical heating layer. The dimensions of the
simplified geometry of the modelled mounting system in THERM are visualized in figure 2B.

Material properties for the modelled glazing are retained from WINDOWSs database. The photovoltaics
are considered as a shading material with no transmissions, reflectance of 0.04 and emissivity of 0.85
at the front, reflectance of 0.70 and emissivity of 0.90 at the back (Lee and Tay 2012) and an average
thermal conductivity of 11.6 W/(m-K) (Lamaamar et al. 2022). The mounting rail, clamp and cover are
made from aluminium with the cover being painted. The weather stripping and seals are made of
ethylene propylene diene Monomer (EPDM). To compensate tolerances in the existing structure rigid
polyurethane foam is used. The Spacer of the IGU is aluminium with a fill of silica gel as desiccant, a
primary seal of butyl rubber and a secondary seal of polysulfide. Table 1 gives an overview of the
material properties. The thermal conductivities are taken from DIN EN ISO 10456 while the emissivity
from THERMs material library have been kept.
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Table 1: Materials with properties.

Material Thermal Conductivity [W/(m*K)] Emissivity
Aluminium 160 0.2 /0.9 (painted)
EPDM 0.25 0.9
Rigid polyurethane foam 0.05 0.9
Butyl rubber 0.24 0.9
Polysulfide 0.40 0.9
Silica gel 0.13 0.9

For the fluid dynamics simulation, the system geometry was simplified to consist solely of rectangular
elements. Two air gaps, each measuring 1928 mm by 39 mm, were modelled and separated by a
mounting system sized 72 mm by 87 mm, with half of the mounting system enclosing the top and
bottom. The edges of the glazing have a height of 50 mm, while the centre has a height of 1828 mm.
In terms of depth, the glazing domains are divided into two layers: a 4 mm layer located at the air gap
and a 20 mm layer. The 4 mm layer includes the heat generation to simulate external wall temperature
control. At the exterior surface boundary condition 5 is assigned, while the top and bottom surfaces
were treated as adiabatic. The interior boundary condition was modelled as convection, with a bulk
temperature of 22.5 °C and a film coefficient of 6.9 W/(mZK), behind a wall with a thickness of 360 mm
and a thermal conductivity of 0.543 W/(m-K). These values correspond to an existing, unrenovated
wall characterized by a U-value of 1.2 W/(m?K), experiencing a heat flux of 3.1 W/m? and a surface
temperature of 20 °C, consistent with the preliminary fluid dynamics simulation.

The optimised global mesh has a uniform element size of 1.5 mm and is predominantly quadrangular.
In addition, prismatic boundary layers were generated, encircling the air gaps. The k-omega SST (Shear
Stress Transport) turbulence model is used for the numerical description of the turbulent flow. Gravity
was taken into account with a value of 9.81 m/s? in the vertical direction. The air is modelled in a
simplified manner as an incompressible ideal gas. The properties of the air are specified in accordance
with DIN EN ISO 10456 with a specific heat capacity of 1008 J/(kg-K) and a thermal conductivity of
0.025 W/(m-K) and, according to the Fluent database, with a dynamic viscosity of 1.7894-107° kg/(m-s)
and a molecular weight of 28.966 kg/kmol.

3. Results

For the centre of the glazing a U-factor of 1.15 W/(m?K) is calculated. In the solar spectrum 3 % of the
light is transmitted, while 11.6 % is absorbed in the first pane, 74.8 % in the photovoltaics and 0.7 % in
the second pane. The centre of the glazing has a height of 1.828 m, a width of 1.178 m and thus an
area of 2.15 m2. The obtained U-factors of the edge of the glazing and the frame are listed in table 2,
as well as the area perpendicular to the heat flow of each subsystem. The U-factor of the mounting
system corresponds to a width of 36 mm, while the U-factor of the edge pertains to 50 mm of the
glazing that extends beyond the mounting system. The area-weighted U-factor for the subsystems
results to 1.39 W/(mK).
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Table 2: U-Factors and dimensions of each component of the subsystems.

Subsystem Component U-Factor [W/(mZ2K)] Length [mm] Area [mm?]

Head 1.20 1,228 61,400

Jamb, left 1.19 1,878 93,900

Edge of glazing

Jamb, right 1.22 1,878 93,900

Sill 1.21 1,228 61,400

Head 3.94 1,314 47,304

Jamb, left 4.01 1,964 70,704

Mounting System

Jamb, right 3.52 1,964 70,704

Sill 3.69 1,314 47,304

Using the obtained U-factor of 1.39 W/(m?2K), a heat flux of 3.1 W/m?, and the target temperature of
20 °C for the existing structure, Equation 1 calculates a required heat generation of 31.65 W/m? to
serve as the boundary condition for the fluid dynamics simulation. This corresponds to a volumetric
heat generation rate of 7,912.5 W/m?3, based on a layer depth of 4 mm. Simulation results indicate a
total area-weighted heat flux of 1.6 W/m? from the interior and 31.3 W/m? to the exterior.
Consequently, the heat generation compensates for transmission losses at a level exceeding that
predicted by the initial consideration. EnergySkin reduces the transmission losses equivalent to a U-
Factor below 0.06 W/(mZK).

The temperature profile (figure 3A) shows that the air gaps exhibit an almost homogeneous
temperature distribution, averaging 21.8 °C, with cooler regions located at the top and bottom of each
gap. Due to this higher temperature, the heat flux from the interior into the air gaps is less than
0.9 W/m?2. In contrast, the mounting systems experience significantly higher heat fluxes; for instance,
the central mounting system exhibits an interior heat flow of 8.3 W/m? and an exterior heat flow of
28.8 W/m?. At the center of the glazing, the heat flow closely corresponds to the heat generation, with
a value of 31.5 W/m?2. However, at the edges, the heat flow to the exterior is lower, measuring
24.8 W/m? and 24.0 W/m?2, with the higher value associated with the upper edge of the lower module.
In regards to the vertical direction the thermal bridge effect becomes evident, with a heat flow of
43.9 W/m?and 17.4 W/m? from air gaps as well as 10.2 W/m? and 9.3 W/m? from the glazing edge into
the mounting system.
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Fig. 3: Temperature and velocity profiles of EnergySkin with two modules.

Overall, the airflow velocity within the air gaps (figure 3B) remains low, averaging 0.01 m/s. The
velocity increases with height inside each gap, reaching a maximum of 0.07 m/s near the top.
Additionally, flow turbulence intensifies at the upper regions of the air gaps, characterized by the
formation of smaller vortices. This behavior is also evident in the temperature profile, which shows a
layered temperature distribution near the bottom and a more diffuse profile toward the top. The
placement of the heating layer to the exterior contributes to minimizing convection currents by
reducing the temperature gradient across the air gap. This is supported by the dependence of the
Grashof number on the temperature difference described in formula 2. Consequently, the design-
specific air gap functions more effectively as a stationary thermal insulation layer with conduction
dominated being more relevant.

4. Conclusion and future works

For the EnergySkin-system a static U-factor of 1.39 W/(m?K) was obtained by division in to subsystems
of the mounting system, the edge, and the centre of the glazing. Including the dynamic effect of the
external wall temperature regulation with a power of 31.65 W/m? EnergySkin improves the U-Factor
of the overall facade to be below 0.06 W/(m?2K). As a dynamic insulation this property can be changed
with varying power and by different boundary conditions.

With respect to the temperature profile and airflow within the air gap, the simulation demonstrates
that the location of the heating layer suppresses convection, thereby enhancing thermal efficiency.
Increased external wall temperature control synergistically amplifies this effect, leading to a further
decrease in convection. The mounting system functions as a thermal bridge primarily in the vertical
direction of the external wall temperature regulation, with a lesser effect on the horizontal heat flow
from the interior. However, given the proportion between the module and mounting system areas,
the overall detrimental effect remains limited in the analyzed model. A three-dimensional simulation
is required to more accurately capture the temperature distribution and incorporate corner effects.

The U-values determined for the individual subsystems and the updated value for the heating layer
output will be used for more precise quantification of energy requirements in building simulations.
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Here, the wall sections must be differentiated according to the subsystems in order to take into
account the influence of the mounting system and effects of the glazing edge of the facade module.
The next step is to experimentally validate the temperature profiles and fluid flows in order to further
verify the theoretical models and simulation results and optimise them if necessary.

The results obtained from the numerical analysis thus form the basis for further, detailed investigations
that enable a well-founded evaluation of the thermal properties of EnergySkin and thus contribute to
the targeted optimisation of the overall concept.

Acknowledgements

This work is part of the research project “EnergySkin” funded by the Central Innovation Program for
SMEs (German: Zentrales Innovationsprogramm Mittelstand, ZIM) by the Federal Ministry for
Economic Affairs and Climate Protection (grant number: 16KN113621). The authors would like to thank
the project partners Flachglas Sachsen GmbH, Dobler Metallbau GmbH und University of Technology
Dresden for their excellent work and cooperation.

References

Almesbah, Mohammad; Wang, Julian (2025): Review of Dynamic Building Envelope Systems and Technologies Utilizing
Renewable Energy Resources. In Designs 9 (2), pp. 1-24. https://doi.org/10.3390/designs9020041.

Awasthi, Mukesh Kumar; Yadav, Dhananjay; Davim, J. Paulo (2025): Flow Dynamics and Heat Transfer. Computational Fluid
Dynamics, Thermal Analysis, Numerical Simulations. 1. Auflage. Berlin: De Gruyter (Advanced Mechanical Engineering).

Blum, Tobias; Carrigan, Svenja; Platzek, Dieter; Kornadt, Oliver (2023): Evaluation of the energy efficiency of an active
thermoelectric fagade. In Energy and Buildings 292, p. 113128. https://doi.org/10.1016/j.enbuild.2023.113128.

DIN 4108-3:2024-03, Warmeschutz und Energie-Einsparung in Gebduden_- Teil_3: Klimabedingter Feuchteschutz_-
Anforderungen, Berechnungsverfahren und Hinweise fir Planung und Ausfiihrung.

DIN EN ISO 10456:2010-05, Baustoffe und Bauprodukte - Warme- und feuchtetechnische Eigenschaften_- Tabellierte
Bemessungswerte und Verfahren zur Bestimmung der warmeschutztechnischen Nenn- und Bemessungswerte
(1SO_10456:2007_+ Cor._1:2009); Deutsche Fassung EN_ISO_10456:2007_+ AC:2009.

DIN EN ISO 52016-1:2018-04, Energetische Bewertung von Gebduden_- Energiebedarf fiir Heizung und Kihlung,
Innentemperaturen sowie fiihlbare und latente Heizlasten_- Teil_1: Berechnungsverfahren (ISO_52016-1:2017);
Deutsche Fassung EN_ISO_52016-1:2017.

DIN EN ISO 6946:2018-03, Bauteile_- Warmedurchlasswiderstand und  Warmedurchgangskoeffizient_-
Berechnungsverfahren (ISO_6946:2017); Deutsche Fassung EN_ISO_6946:2017.

DIN EN ISO 7345:2018-07, Warmeverhalten von Gebauden und Baustoffen_- Physikalische GroBen und Definitionen
(1ISO_7345:2018); Deutsche Fassung EN_ISO_7345:2018.

European Commission (2024): Directive (EU) 2024/1275 of the European Parliament and of the Council of 24 April 2024 on
the energy performance of buildings (recast). Available online at https://eur-lex.europa.eu/eli/dir/2024/1275/0j/eng,
updated on 2024, checked on 10/15/2025.

GroB, Bodo; Schmidt, Christoph (2020): Schlussbericht LEXU Il - Einsatz von auRenliegender Wandtemperierung bei der
Gebdudesanierung — Feldtest CO2-Warmepumpe mit Eisspeicher. Edited by IZES gGmbH. Saarbriicken.

ISO/DIS 15099, 02-2024: Thermal performance of windows, doors and shading devices - Detailed calculations.

Juaristi, Miren; Krarti, Moncef (2024): Review of adaptive opaque facades and laboratory tests for the dynamic thermal
performance characterization. In Building and Environment 249, p. 111123.
https://doi.org/10.1016/j.buildenv.2023.111123.

Lamaamar, Ibtissam; Tilioua, Amine; Hamdi Alaoui, Moulay Ahmed (2022): Thermal performance analysis of a poly c-Si PV
module under semi-arid conditions. In Materials Science for Energy Technologies 5, pp. 243-251.
https://doi.org/10.1016/j.mset.2022.03.001.

10/ 11 Article 10.47982/cgc.10.693 Challenging Glass Conference Proceedings — Volume 10 — June 2026


https://doi.org/10.47982/cgc.10.693
https://doi.org/10.47982/cgc.10

Lee, Yixian; Tay, Andrew A.O. (2012): Finite Element Thermal Analysis of a Solar Photovoltaic Module. In Energy Procedia 15,
pp. 413-420. https://doi.org/10.1016/j.egypro.2012.02.050.

Pflug, Thibault; Nestle, Nikolaus; E. Kuhn, Tilmann; Siroux, Monica; Maurer, Christoph (2018): Modeling of facade elements
with switchable U-value. In Energy and Buildings 164, pp. 1-13 https://doi.org/10.1016/j.enbuild.2017.12.044.

Pugsley, Adrian; Zacharopoulos, Aggelos; Deb Mondol, Jayanta; Smyth, Mervyn (2020): Vertical Planar Liquid-Vapour Thermal
Diodes (PLVTD) and their application in building fagcade energy systems. In Applied Thermal Engineering 179, p. 115641.
https://doi.org/10.1016/j.applthermaleng.2020.115641.

Stoppel, Max; Uhlig, Clara; Engelmann, Michael; Di Biase, Pietro (2026): Energetische Simulation zur Entwicklung der auRen
liegenden Wandtemperierung: EnergySkin. In Stahlbau, Article stab.70079. https://doi.org/10.1002/stab.70079.

Togun, Hussein; Basem, Ali; Jweeg, Muhsin Jaber; Mohammed, Hayder |.; Abed, Azher M.; Anqi, Ali E. et al. (2025): A review
of Phase-Change materials for building Applications: Innovations, Assessments, and design Implications. In Energy and
Buildings 349, p. 116573. https://doi.org/10.1016/j.enbuild.2025.116573.

Uhlig, Clara; Stoppel, Max; Engelmann, Michael; Di Biase, Pietro (2026): Development of EnergySkin: external wall
temperature control for renovation. In Front. Built Environ. 12, Article 1728896.
https://doi.org/10.3389/fbuil.2026.1728896.

WeiB, Dirk; Tribulowski, Katja; Kotte, Luisa; Wicke, Monika; Grunewald, John (2024): Thermische Bauteilaktivierung: Ein
Gamechanger der Energiewende fiir die Gebdudesanierung. In Bauphysik 46 (6), pp. 374-380.
https://doi.org/10.1002/bapi.202400033.

Yang, Yang; Chen, Sarula (2022): Thermal insulation solutions for opaque envelope of low-energy buildings: A systematic

review of methods and applications. In Renewable and Sustainable Energy Reviews 167, p. 112738.
https://doi.org/10.1016/j.rser.2022.112738.

11 /11 Article 10.47982/cgc.10.693 Challenging Glass Conference Proceedings — Volume 10 — June 2026


https://doi.org/10.47982/cgc.10.693
https://doi.org/10.47982/cgc.10

Challenging Glass Conference Proceedings — Volume 10 — June 2026 — Louter, Bos & Belis (Eds.)
International Conference on the Architectural and Structural Application of Glass 1 O
Challenging Glass Conference 10 — 15-17 June 2026 — TU Delft — The Netherlands

Platinum Sponsor

SAINT-GOBAIN

Gold Sponsors

7N ®
EASTMAN NorthGlass
w—r

sedak seele

Silver Sponsors

@ octatube PERMASATEELISA

GROUP

Organisation

(; Tec':hnis'cwe E
TUDelft iy GHENT

UNIVERSITY



https://www.challengingglass.com
https://www.saint-gobain-glass.com/
https://saflex-vanceva.eastman.com
https://www.trosifol.com/
https://www.northglass.global/
https://www.sedak.com
https://seele.com/
https://www.dow.com/buildingscience
https://www.octatube.nl/
https://www.permasteelisagroup.com/
https://www.seen-group.com/
https://www.tudelft.nl/
https://www.tum.de/
https://www.ugent.be/

	CGC10_693_Stoppel and Di Biase
	!!_CGC10_Sponsors

