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ABSTRACT This paper presents a comprehensive analysis of how the placement of key power electronic
components within building-integrated photovoltaic (BIPV) systems influences their thermal behavior and
long-term reliability, focusing on lifetime estimations of the IGBT switches in both inverters and optimisers.
A building physics model including the BIPV system was incorporated and integrated within the power
electronics device models. This joint model assesses the impact of surrounding conditions on power inverters
and optimisers and explores various practical placement scenarios. A sensitivity analysis was conducted
under different environmental conditions to evaluate the effects of airflow rates, BIPV ventilation cavity
opening dimensions, and radiation-convection ratios on the system’s thermal behavior. Results indicate that
proper placement strategies with sufficient airflow can significantly enhance cooling, reduce thermal stress,
and improve the lifetime of the IGBT. This is particularly evident in the case of the inverter, where the
DC IGBT (IGBT in the DC-DC converter stage) located in an isolated ceiling has an increased lifetime
consumption of 10.9 % compared to an inverter placed in a utility room. This work provides valuable
insights for the design and optimisation of BIPV systems in real-world applications, aiming to improve
the operational lifespan of the systems.

INDEX TERMS Building-integrated photovoltaics, lifetime estimation, modeling, power electronics,
simulation, thermal management of electronics.

I. INTRODUCTION
The integration of photovoltaic (PV) systems within building
envelopes, commonly referred to as Building-Integrated Pho-
tovoltaics (BIPV), has emerged as a pivotal technology for
enhancing the energy efficiency and sustainability of urban
structures. BIPV systems not only provide renewable energy
but also contribute to building aesthetics and functionality,
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making them an attractive solution for green architecture [1].
However, the optimisation of these systems demands precise
modeling techniques that integrate thermal, electrical, and
architectural factors to ensure performance reliability and
longevity of their components [2]. The design of BIPV mod-
ules requires thermal management strategies to maximize
energy output and extend the operational life of components.
Studies underscore the need for integrating thermal and
airflow models with electrical models to accurately predict
BIPV performance and to compute the module and cell
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temperature and reflect their effect on the energy yield
calculations [3]. This can be accomplished by implementing
a coupled thermal-airflow model that captures heat transfer
mechanisms (conduction, convection, and radiation) within
the module and its surroundings, together with the airflow
behavior, offering a comprehensive understanding of ther-
mal dynamics for more accurate performance simulations
under diverse environmental conditions [4]. To enhance
heat dissipation, BIPV designs often incorporate ventilation
cavities. For example, a BIPV module featuring an air cavity
facilitates efficient cooling through natural convection. This
configuration is critical for maintaining optimal operating
temperatures and minimizing thermal stress on components
such as inverters [5]. Furthermore, improving ventilation
significantly boosts thermal performance by enhancing heat
dissipation, thus sustaining efficiency in energy genera-
tion [2]. Additionally, the implementation of BIPV requires
the presence of a power converter that can performMaximum
Power Point Tracking (MPPT) and convert the voltage
to usable levels for consumers. One of the most failure-
prone components in solar inverters is the power-switching
device [6]. These components experience electrical and
thermal stress during their lifetime, which can result in abrupt
and wear-out packaging failure [7], [8]. Wearout packaging
failure is particularly of interest because it can be predicted
and anticipated.Wear-out packaging failure is caused by bond
wire liftoff, bond wire cracks, and die-attach cracks because
of the thermo-mechanical stress resulting from the thermal
load cycles the component experiences. Investigating how the
BIPV environment influences these load cycles and junction
temperature can provide better insight into constructing
guidelines for optimal power converter placement. For a
more in-depth assessment of BIPV systems, integrating
power electronics models with building physics frameworks
is crucial. The Modelica simulation environment, with its
IDEAS (Integrated District Energy Assessment Simulations)
library, is highlighted for its capacity to model complex,
multi-domain interactions [9]. This allows functional inte-
gration between electrical components and building thermal
dynamics, providing a detailed understanding of temperature
variations and energy yields in real-time. Modelica’s modular
approach enables comprehensive modeling, incorporating
various elements such as building envelopes, internal heat
gains, and renewable energy sources. Sensitivity analyses
performed within these integrated models provide insights
into how different factors (like radiation-convection ratios
and airflow rates) affect the lifetime of Insulated Gate
Bipolar Transistors (IGBT) and the overall efficiency of
the BIPV system [5]. This study focuses on the complete
modeling of the BIPV system, including the power con-
verters, to determine how the BIPV environment influences
switching device lifetime. Two types of power converters are
considered in this study: DC-DC power optimisers and DC-
AC inverters. The study is structured as follows: section II
discusses the used electrical, thermal, BIPV, and lifetime

models. Next, section III performs a sensitivity analysis
for varying boundary conditions, and section IV evaluates
the IGBT lifetime for multiple case studies for realistic
implementations. Finally, section V ends with a conclusion.

II. METHODOLOGY
This study integrates a comprehensive set of models to
assess the thermal and electrical performance of building-
integrated photovoltaic (BIPV) systems and their associated
power electronics, including inverters and power optimisers.
This approach aims to capture the interactions between
electronic components, BIPV thermal behaviour, and the
built environment conditions, enabling a detailed evaluation
of system efficiency and longevity. The analysis includes
electric and thermal models for both IGBT and BIPV, plus
a building physics model, all developed within the Modelica
simulation environment, using Modelica base library and the
IDEAS library for energy systems modeling. By simulating
different component placement scenarios with boundary
conditions, the study investigates how environmental and
operational factors influence the performance and lifespan
of power electronics. The following sections describe the
integration process of the implemented models, along with
the electrical and thermal modeling approaches for power
conversion devices, as well as the BIPV and building physics
frameworks.

A. INTEGRATION OF MODELS
The integration of an/a inverter/power optimisermodel within
the BIPV and building physics models enables a realistic
analysis of the electronic components that can be positioned
in different locations within the building. The schematics
in Fig. 1 and Fig. 2 show the connection mechanism of
an inverter thermal model to the building physics model,
illustrating how different thermal zones can be incorporated
with the power electronics components. The placement zone
represents the specific thermal zone of the building where
the inverter/power optimiser is located. The zone component
includes heat ports that enable thermal interaction between
the zone and the power electronics models. These ports
account for the heat generated by the electronic components
that is transferred to the placement zone to compute the
zone temperature and then to the power electronics model,
which is used to calculate junction temperatures for lifetime
estimation. This mechanism demonstrates a dynamic and
interconnected approach where the inverter/power optimiser
lifetime model interacts with specific building zones. It uses
real-time irradiance and zone temperatures to determine the
thermal performance and heat losses of the BIPV-connected
inverter system.

B. ELECTRIC MODEL AND CONTROL
This study focuses on two configurations commonly used
in PV applications: a full inverter and a power optimiser.
The inverter has a two-stage topology: a first DC-DC boost
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FIGURE 1. Visual summary of all models and how they interact.

FIGURE 2. Integration of the inverter thermal model within the building
physics model.

stage that performs the maximum power point tracking and a
second DC-AC step to inject the power into the grid [10]. The
full topology is shown in Fig. 3. For the power optimiser case,
the same topology is used as the first stage of the inverter [11].
The component configurations are shown in table 1. The
switching speed of all switching devices is set to 50 kHz. The
voltage over Cbus is set to 350 V and 50 V for the inverter and
the power optimiser, respectively. For the MPPT control of
the DC-DC stage, the Perturb and Observe (P&O) algorithm
is used to draw the maximum power from the PV array [12].
A lookup table approach is employed to efficiently

calculate all losses of the inverter and optimiser without
excessive computational expense. These losses are catego-
rized into two main types. Firstly: losses produced by the
passive components. These losses are necessary because they
cause passive heating of the inverter and its surrounding
environment. However, this study does not focus on analyzing
the temperatures of these components. Secondly, the losses
are associated with the active components (switches). In this
case, the junction temperature plays a critical role, as it
is essential for accurately estimating the lifetime of these
components. The losses in the switches are dependent on
2 variables: The current and junction temperature. The
current is directly related to the solar irradiance. Thus,
the lookup tables have 2 dimensions: solar irradiance and

junction temperature. All combinations of switch junction
temperature and solar irradiance are applied in the inverter
and optimiser, and the simulation is run until a steady state
is reached. The losses of all components are collected to
create the lookup tables. Note that this lookup table approach
eliminates all electric and MPPT transitionary effects. The
lookup table assumes that everything is in a steady state and
the PV array is inMPP. However, this is not seen as a problem
because the simulation resolution in this work is kept at 1min,
which is much longer than the transition effects.

FIGURE 3. Topology of the two-stage inverter.

TABLE 1. Inverter and optimiser component values.

C. ELECTRONICS THERMAL MODEL
Since it is preferred for the thermal model to be computation-
ally efficient, accurate, and capable of interfacing with the
building physics model, a balance must be struck between
simplicity and precision. This ensures that the model remains
practical for integration while still providing reliable results
for analysis. A widely used method to model electronics
thermal behavior is thermal RC networks [11], [13]. The
losses, calculated by the electric model, can be divided into
three separate groups: DC-switch losses, single AC-switch
losses and all remaining switch and component losses as
shown in Fig. 4. This approach allows for calculating the
junction temperature of the switches. The switch losses are
injected into the package and the thermal pad that connects
the backplate with the heat sink. The remaining losses are
released directly into the sink. The sink releases its heat
into the environment with a combination of convection and
radiation. As the cooling capacity of a heat sink is dependent
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on the heat sink surface temperature, the thermal resistance is
modelled as a temperature-dependent variable. The relation
between surface temperature and thermal resistance is
determined in a finite element simulation by simulating the
heat flow from the heat sink to the environment with natural
convection for multiple heat sink temperatures [11]. Note that
the sink is the only thermal layer that contains a thermal
capacitance. Because the simulation takes 1 minute time
steps, the smaller capacitance of the switch packaging can
be ignored.

FIGURE 4. Thermal network from DC-switch and AC-switch to ambient.

In the case of the power optimiser, the same approach is
used but without the AC switch losses. The values of the
thermal resistance of the switch packaging and pad are taken
directly from the datasheet. The thermal capacitance of the
inverter and the power optimiser sink are determined to be
1283 J/K and 171 J/K, respectively.

MODELICA LANGUAGE AND THE IDEAS LIBRARY
Modelica is a versatile simulation language used for
modeling complex systems across different domains [14].
Fundamentally, Modelica is an equation-based modeling
language that offers segmentations of a system by creating
components and blocks that contain equations for each
system or a part of it. This modularity facilitates model
reuse, scalability, and the integration of new components or
subsystems [15]. The IDEAS Modelica library (Integrated
District Energy Assessment Simulation) further enhances
Modelica’s capabilities by providing numerous detailed
models for building and district energy systems. It includes
components to simulate energy systems, building dynam-
ics, and fluid networks, which is ideal for capturing the
complex interactions in Building-Integrated Photovoltaics
(BIPV). This library enables precise modeling of BIPV
panels, power electronics, and other components, allowing
for comprehensive performance assessments under various
operational conditions [9]. Modelica’s capacity to model
coupled physical systems and domains renders it well-
suited for simulating the physical interactions between the
BIPV components and the surrounding built environment.
Furthermore, its flexibility facilitates the incorporation of
detailed physical models of BIPV panels, power electronic
devices, and other BIPV components, enabling compre-
hensive performance assessments under various operational

conditions [16]. Therefore, Modelica was used to model and
integrate all the components in this study.

D. BIPV AND BUILDING PHYSICS MODEL
The here implemented BIPV module comprises 24 cells
(4 × 6) arranged in series, encapsulated with 4 mm rear
ClearLite glass and front ClearVision glass. The module’s
backside is connected to a 12 cm air cavity and a 7 cm
Rockwool insulation layer. The design includes two ven-
tilation openings (1.01 × 0.09 m2 each) positioned at the
top and bottom to facilitate air circulation within the cavity,
thereby enhancing heat dissipation. The module is rated
to deliver a power output of 120.8 W under standard test
conditions (STC). The presented BIPV model is based on
the previous work in [5] and [17]. The model comprises two
main sub-models: a coupled thermal-airflow model and an
electrical model. The coupled thermal-airflowmodel assesses
heat transfer within a BIPV module, considering conduction,
convection, and radiation among the module, surroundings,
and structure as illustrated in Fig. 5. Additionally, it factors in
airflow within the cavity, influenced by buoyancy and wind.

FIGURE 5. Illustration for the heat transfer processes and airflow
dynamics in a ventilated BIPV module.

Electrical models of BIPV modules necessitate the plane
of array (POA) irradiation from the weather file to compute
the electrical output. More advanced models also demand the
module temperature to incorporate temperature influences on
the power output and the module losses that dissipate in both
the outdoor environment and the ventilation cavity, which is
accomplished by integrating a thermal model for calculating
the module temperature [18]. In this study, the latter method
is employed by linking the thermal-airflow model with
the electrical model for a more realistic representation
of the BIPV behaviour and to include this effect in one of the
scenarios in which the inverter/power optimiser is positioned
in the ventilation cavity. The variables exchange between the
two models is depicted in Fig. 6.

The module has been installed on the south facade of
EnergyVille 2 BIPV lab in Genk, Belgium. The data from
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FIGURE 6. Data exchange mechanism between the BIPV coupled
thermal-airflow and electrical models.

the building was implemented in the described model for the
validation process of the BIPV model. The description and
validation of the model are detailed in previous work in [2]
and [5].

The projected building physics model in this study is for
an office space (4m×3m×2.8m) that features a suspended
ceiling hanging 1m below the concrete construction plate.
The office is modelled to be positioned in the center of
the south facade of a mid-rise building with dimensions of
30 m in height, 12 m in width and 18 m in depth. These
building dimensions are used in determining the convective
heat transfer conditions affecting the exterior BIPV façade.
Assuming the BIPV to be in the center of the facade simplifies
the airflow calculation. Additionally, the bordering zones of
the office are considered to have the same thermal condition,
hence the interior walls, floor and ceiling are assumed to
be adiabatic. The BIPV modules are installed on the facade
part of the suspended ceiling. Fig. 7 shows the thermal zone
division of the office space.

FIGURE 7. Thermal zones division of the office space.

The model includes three components of thermal mixed air
zones: one for the office space and two within the suspended
ceiling [9]. The division between the office zone and the

ceiling zones is represented by a physical wall component
that serves as the suspended ceiling. The ceiling zones are
divided into BIPV-Back zone that has a volume of 1m3 (1m×

1m×1m) which is used as a placement scenario and a ceiling
zone that represents the remaining volume of the ceiling.
The model separates these two zones (BIPV-Back and ceiling
zone) by an air-wall, representing thermal division without a
physical barrier [19]. Fig. 8 depicts the building model and
the connections between different components. This setup
allows for the investigation of the conditions in the BIPV-
Back zone. It is worth mentioning that the BIPV-Back zone
is part of the interior environment and should not be confused
with the ventilation cavity of the BIPV. Additionally, in this
work, the BIPV-Back zone is also referred to as the inverter
zone, as most placement scenarios for the inverter or power
optimiser are implemented in this zone.

FIGURE 8. Schematic of the building physics model depicts the
components and the connections between each of them.

The air exchange between the office and the ceiling zones
is calculated using orifice and medium column components
to represent the buoyancy effect [20]. The medium column
component calculates the airflow based on the stack-effect
principle, while the orifice component uses the opening area
to calculate the pressure difference between the zones to drive
the air exchange. The mass-flow rate is calculated as follows:

ṁ = Cd · A ·

√
2 · ρavg · 1Pstack (1)

where ṁ is themass flow rate through the column (kg/s),Cd is
the discharge coefficient (dimensionless) accounting for flow
losses, A is the leakage area of the column (m2), ρavg is the
average air density (kg/m3), typically taken as the average
of ρin and ρout, and 1Pstack is the pressure difference due to
the stack effect (Pa). The discharge coefficient is a parameter
for modeling airflow through an opening. It accounts for the
effects of friction, turbulence, and contraction as air flows
through the opening. The stack pressure is calculated as
follows:

1Pstack = g · h · (ρout − ρin) (2)

where1Pstack is the pressure difference due to the stack effect
(Pa), g is the acceleration due to gravity (9.81 m/s2), h is the
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height of the column (m), ρout is the density of the air outside
the column (kg/m3), and ρin is the density of the air inside the
column (kg/m3).
The office has a south facade with a window that covers

60% of the facade, the frame takes 10% of the window’s total
area. The BIPV modules cover the facade’s top part, which is
attached to the ceiling zones. Internal gains from the lighting
is modelled to be dissipated in the ceiling zones with a value
of 5 W/m2 [21]. The office zone setpoint temperature is
fixed at 20◦C. Regarding the weather conditions, the building
simulation used a weather file for Genk, Belgium, obtained
from the weather station at EnergyVille. Fig. 9 illustrates the
irradiance profile used in the simulations.

FIGURE 9. Measured irradiance of the south BIPV orientation in Genk
(Belgium) used in the simulation.

In addition, a utility room is also modelled to be in a
different part of the building, the volume of the utility room
is 15.2 m3 (2m × 2m × 3.8m). The utility room is a
space that is commonly used to house various mechanical,
electrical, and plumbing (MEP) systems essential for the
building’s operation. Hence, the study proposes a scenario
to place inverters/power optimisers in the utility room with
a controlled temperature set point of 20◦C.

E. LIFETIME CONSUMPTION
To evaluate the IGBT lifetime, the CIP08 lifetime model
is used [22]. This widely used model is constructed by
power cycling different types of IGBTs until failure. This
model contains multiple terms that take the cycle and device
parameters into account. The key terms in this study are
the Coffin-Manson and Arrhenius terms, which represent the
effects of minimum cycle temperature and temperature swing
on the number of cycles to failure. The model is shown in the
equation as follows:

Nf = Aα
· 1T β1

j · exp
(

β2

Tj,min+273.15

)
· tβ3on ·Iβ4 ·V β5 · Dβ5

(3)

With Nf the number of cycles to failure, A, β1, β2, β3, β4,
β5 constant model parameters, 1Tj the junction temperature
fluctuation, Tj,min the cycle minimum temperature, ton the
cycle heating time, I the current per bondwire,V the blocking
voltage of the chip and D the bond wire diameter. Note that
this model is originally fitted on IGBT modules in power
cycling testes. The switches used in this study are discrete.
There is also an extrapolation of the model, especially in the
cycle length. It is therefore important to use the results for a
relative comparison instead of absolute lifetime estimations.

To use the CIP08 model, the junction temperature profile
needs to be split into load cycles. This is done using a rain-
flow counting process. Finally, Miner’s linear damage rule is
used to combine the damage of all individual cycles [23]:

k∑
i=1

ni
Ni

= C (4)

III. SENSITIVITY ANALYSIS
This section presents a sensitivity analysis to assess how
key operational parameters influence the lifetime of the DC
IGBT. The examined variables include the convection-to-
radiation heat loss ratio, the air exchange rate between zones,
and the height of the cavity opening. In the analysis, the
inverter/optimiser is primarily modeled within the Back-
BIPV zone (inverter zone), where different convection-
radiation heat loss ratios are evaluated alongside varying
air exchange rates. For cases involving cavity placement,
a validated BIPV cavity model is employed to investigate the
impact of the cavity opening height on the power optimiser’s
lifetime.

A. RADIATION / CONVECTION RATIO
When the heat is released from the heat sink to the
environment, and thus from the thermal RC model to the
Modelica model, Modelica requires a ratio of radiative and
convective heat flow. The exact ratio of these losses is
material and temperature dependent. Because this can greatly
increase the complexity of the model, a sensitivity analysis is
performed to study how the convection/radiation losses ratio
influences IGBT lifetime predictions. Fig. 11 (a) and Fig. 12
(a) show the junction temperature and lifetime estimations
for 0%, 25% and 50% radiative losses (and thus 100%, 75%
and 50% convective losses). It is clear that there is very little
visual difference in the temperature profiles. This is also
reflected in the bar plots, with only a difference of 4.6%
between the 0% and 50 % cases. It is, therefore, concluded
that the ratio of radiative and convective losses is rather
limited. It is, therefore, chosen in the remainder of this study
to set fixed values for the fraction of convective and radiative
energy losses.

B. AIR EXCHANGE
This section investigates the sensitivity of the IGBT
lifetime to air exchange between the BIPV-Back zone
(inverter/optimiser placement zone) and the ceiling, as well
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FIGURE 10. Thermal zones of the office space indicating the air exchange
parameters (Air change per hour ACH between the zones) to conduct the
sensitivity analysis.

as the BIPV-Back zone and the office zone. The air exchange
between the BIPV-Back zone and the office depends on the
ceiling design. For this sensitivity analysis, three air exchange
rates are examined as in Fig. 10. ACH represents the air
changes per hour of the zone.

Fig. 11 (b) and Fig. 12 (b) show the IGBT switch
temperature and lifetime consumption. Lower air exchange
rates cause a positive offset in junction temperature, which
is expected since the hot air is trapped inside the BIPV-Back
zone. This is also visible in the lifetime consumption plot.
A 0.5 ACH and 5 ACH give 7.6% and 14.4% reduction in
lifetime consumption compared to the 0 ACH case. An open
ceiling with a higher air exchange rate provides a significant
increase in lifetime.

The air exchange between the BIPV-Back zone and ceiling
is dependent on the design of the building. It can be an open
space with sufficient air exchange. However, the airflow can
also be blocked by pipes, ventilation tubes, or other systems.
This sensitivity analysis examines 2 values for airflow.
Fig. 12 (c) shows there is a small increase in temperature
when the 5 ACH is compared to the 0.5 ACH case; this
results in a 3.8% increase of lifetime consumption as shown
in Fig. 11 (c). It can be concluded that airflow between the
BIPV-Back zone and the ceiling is less significant, but airflow
between the BIPV-Back zone and the office can have a higher
impact on the IGBT lifetime.

C. BIPV VENTILATION CAVITY OPENING
This section investigates how the BIPV ventilation cavity
opening height can influence IGBT lifetime for the case
where the inverter is placed inside the BIPV ventilation
cavity. The BIPV module includes two ventilation openings,
one at the bottom and one at the top, similar to the
configuration shown in Fig. 5. Each opening is 101 cm wide
with variable heights ranging from 4 cm to 14 cm. The cavity
itself has dimensions of 104 cm width, 11 cm depth, and

FIGURE 11. Lifetime consumption for multiple (a) fraction of heat loss as
radiation, (b) air exchange rate between the Back-BIPV zone and office
zone, (c) air exchange rate between the Back-BIPV zone and the ceiling
zone, and (d) cavity opening height.

FIGURE 12. Segment of junction temperature for multiple (a) fraction of
heat loss as radiation, (b) air exchange rate between the Back-BIPV zone
and the office zone, (c) air exchange rate between the Back-BIPV zone
and the ceiling zone, and (d) cavity opening height.

99 cm height. Fig. 11 (d) and Fig. 12 (d) show the junction
temperature profile and IGBT damage. Increasing the cavity
opening height from 4 cm to 14 cm lowers the damage by
1.6%. This is logical because a bigger opening allows for
higher airflow, but the effect is very minimal. Also, note
that this sensitivity analysis does not take into account the
practicality of implementing a full inverter in such a relatively
small cavity. It also ignores how the inverter may disturb the
airflow.
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TABLE 2. Lifetime consumptions in the sensitivity analysis.

IV. CASE STUDIES
To assess the impact of the different conditions and
ventilation strategies on the thermal performance of the
power electronic devices in the BIPV systems, various
realistic scenarios for inverters and power optimisers were
simulated and evaluated. These scenarios consider different
placement locations for the devices within the building with
varying airflow conditions and environmental control levels
to simulate conventional operation environments as in Fig. 8.
As in the conducted sensitivity analysis, this analysis focuses
on the influence of these factors on component temperatures,
cooling effectiveness, and potential implications for long-
term reliability. Each case is categorized based on the
component type (inverter or power optimiser) to ensure a
targeted investigation of their thermal management require-
ments and performance outcomes. In certain scenarios, the
devices are placed above the suspended ceiling; therefore,
the type of ceiling plays a crucial role in determining the
conditions within the ceiling zone. Primarily, two types
are used; isolated and partially open suspended ceilings as
in Fig. 13. Ceiling (A) has openings that when combined
represent half of the ceiling area. This type is usually used
for a better appearance but it also offers higher air exchange
between the zones. Ceiling (B) is a common tiles suspended
ceiling type that typically is well-isolated which limits the
heat transfer and airflow between the zones. These ceilings
have U-values of 0.74 W/m2K and 0.6 W/m2K [24]. The
discharge coefficient (Cd ) varies in each of these cases,
primarily influenced by the characteristics of the opening
(e.g., sharp-edged, rounded, etc.) [25]. For the case of the
half-open ceiling as ceiling A, the discharge coefficient is
modelled as 0.65, which is a suitable value that is also used
for large openings, louvers and vents [26]. For ceiling B,
given that air movement between a room and the ceiling
plenum often involves irregular and potentially sharp-edged
openings (such as gaps around tiles or fixtures), a discharge
coefficient of 0.61 is a reasonable assumption [27]. Regarding
the leakage area, Ceiling A has half of the ceiling area open

to the plenum space, therefore, the air-leakage area is set to
6 m2 (total ceiling area is 12 m2). Ceiling type B leakage area
is estimated to be 3 cm2 / m2 on average for conventional
tiles suspended ceiling, therefore, 0.0036 m2 for the entire
ceiling [28].

FIGURE 13. Simulated suspended ceiling types (A) Partially-open ceiling
(B) Tiles ceiling.

A. INVERTER PLACEMENT
For this study, 2 inverter locations are considered:

1) ABOVE THE SUSPENDED CEILING
This scenario considers the two types of suspended ceilings
as described previously in this section. In the first scenario,
the inverter is placed above the suspended ceiling, which is
isolated with minimal openings, resulting in limited airflow
between the office space and the ceiling zone. This setup
restricts natural convection, leading to controlled but less
ventilated conditions for the inverter. In the second scenario,
the inverter is placed above a partially open suspended ceiling
(half of the ceiling is open), allowing for increased airflow
between the office space and the ceiling zone. This design
promotes enhanced natural ventilation, improving cooling
efficiency through convective heat transfer.

2) UTILITY ROOM
The inverter is placed in a utility room with controlled
conditions and a temperature set point of 20°C. This scenario
provides a benchmark for assessing the effectiveness of
controlled environments in minimizing thermal stress and
maintaining stable operating temperatures.

Fig. 14 shows the IGBT junction temperature and lifetime
consumption for the DC-DC switch and DC-AC switch.
Fig. 16 provides a zoom in on February 9th of the junction
temperature profile. The best-performing location is the
Utility room. The open ceiling and isolated ceiling perform
5,7% and 9,7% worse, respectively, than the utility room for
the AC switch, and 6.8% and 10.9% worse, respectively, than
the utility room for theDC switch. The difference between the
isolated and open ceilings seems to be minimal. Even though
there is minimal airflow between the office and the BIPV-
back zone in the isolated case, the airflow between the ceiling
zone and the BIPV-back zone is sufficient to keep the IGBT
temperature within acceptable operating levels. It is also clear
that the temperature in the DC switch reaches higher values,
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and thus the DC switch experiences more degradation than
the AC switch. It can be concluded that placing the inverter in
a dedicated utility room can significantly increase the IGBT
lifetime.

FIGURE 14. (a) Junction temperature and (c) lifetime consumption of the
DC switch, and (b) Junction temperature and (d) lifetime consumption of
the AC switch for three cases.

B. OPTIMISER PLACEMENT
For this study, 3 optimiser locations are considered:

1) ABOVE THE SUSPENDED CEILING
Similar to the inverter scenario, the power optimiser is placed
above the suspended ceiling and evaluated under two ceiling
configurations: an isolated ceiling that consists of insulated
tiles with restricted airflow and a partially open ceiling that
allows higher natural convection. The objective is to analyze
whether the increased airflow in the partially open setup
provides sufficient cooling for the smaller, heat-sensitive
power optimiser compared to the restricted environment of
the isolated ceiling.

2) BIPV VENTILATION CAVITY
In this scenario, the power optimiser is installed within
the ventilated cavity of the BIPV module. The module
follows the same configuration described in Section III-C,
with the exception of an opening height of 9 cm. In this
setup, the power optimiser is directly exposed to both the
external environmental conditions and the thermal effects
arising from the BIPV module itself. The analysis focuses
on how temperature fluctuations and heat dissipation within
the ventilation cavity affect the performance and expected
lifetime of the power optimiser.

The year IGBT junction temperature profile and lifetime
consumption are shown in Fig. 15. A zoom in on February
9th is provided in Fig. 16. Notice how, in the cavity case,
the temperatures drop significantly in winter but are slightly

FIGURE 15. (a) Junction temperature and (b) lifetime consumption of the
power optimiser DC switch for three cases.

FIGURE 16. Junction temperature profiles of February 9th for (a) Inverter
DC switch (b) Inverter AC switch, and (c) Optimiser DC switch.

TABLE 3. Lifetime consumptions for the studied cases.

higher in summer compared to other cases. The optimiser in
the cavity experiences the least amount of damage. The open
and isolated ceiling experiences 1.3 % and 4.5 % increased
lifetime consumption than the cavity case. The differences
are thus minimal. This might seem nonlogical, but for the
cavity case, there are lower minimum temperatures, which
are beneficial for a lifetime, but larger temperature swings,
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which are worse for lifetime. These effects counteract each
other. It can thus be concluded that optimiser placement has
minimal effect on IGBT lifetime.

V. CONCLUSION
This study presents a detailed investigation into the thermal
and electrical behavior of building-integrated photovoltaic
(BIPV) systems, focusing on the performance and life-
time of power optimisers and inverters’ switching devices.
By integrating power electronics models with building
physics frameworks, we assessed the impact of various
surrounding factors, such as airflow rates that are achieved
in the placement location of the converter on the junction
temperature of IGBTs and their long-term reliability. The
findings demonstrate that strategic placement and ventilation
can play crucial roles in thermal management and system
reliability. Optimizing airflow through proper ventilation and
reducing the temperature of the placement zone reduces
thermal stress and enhances the lifespan of power electronics
components. The biggest difference in lifetime consumption
simulated in this study was observed in the inverter DC IGBT,
where placement in an isolated suspended ceiling results
in 10.9 % more lifetime consumption than placement in a
utility room. Furthermore, sensitivity analyses indicate that
while the choice of airflow rates and BIPV ventilation cavity
openings influences the thermal behavior. The placement
of inverters in controlled environments, such as utility
rooms, remains the most effective strategy for prolonging
IGBT lifetimes. This research provides valuable insights
into the design and optimization of BIPV systems and their
electrical components, offering practical recommendations
for enhancing their thermal performance and operational
lifespan. Future studies could extend these findings by
exploring additional environmental scenarios and further
refining the interaction between electrical and thermal
models to improve the robustness of BIPV systems in real-
world applications. Additionally, future work could address
the lifetime of other thermally sensitive components, such as
capacitors, the effect of oversizing the components, and how
they influence the overall system’s reliability.
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