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A B S T R A C T  

Increased use of thermal insulation forms a key element of legislation and ensuing design 
guidelines that intend to reduce the environmental footprint of the built environment. The 
widespread application of thermal insulation has proven to be very effective in the transition 
towards low-energy buildings. However, research has shown that well insulated dwellings, such 
as Passive Houses, have the tendency to trap heat during summer. Over the course of a year, there 
are several periods in which it would be beneficial to have a large heat flux across the building 
envelope, rather than isolating indoor conditions from the exterior environment. Construction 
elements with dynamically adjustable thermal transmittance properties, so-called dynamic 
insulation, can be a promising solution for reducing this overheating problem, while 
simultaneously reducing the energy consumption. The research activities in this thesis focus on 
a novel type of closed-loop forced convective dynamic insulation system, called Active Insulation. 
As Active Insulation is a newly developed dynamic insulation system, the performance and 
characteristics of the system still need to be determined. The aim of this research is to investigate 
and assess the performance of Active Insulation in the built environment. 

The first part of this research focusses on the development of a simulation model to predict 
the performance of Active Insulation. A simulation model in EnergyPlus was developed using the 
Ventilated Slab module as a basis. Verification of the model showed that the built-in control 
algorithm was not sufficient enough to model the complex behaviour of the system and thus a 
new control algorithm was written. The results showed that the model can adequately predict the 
behaviour for both yearly and daily situations. Using the early design specifications of Active 
Insulation, the first results showed that the U-value of the system is 0.185 W/m²K in off-mode 
and 1.657 W/m²K in on-mode. 

The second part of this research uses this model to study the performance of Active Insulation 
in different situations by means of multiple case studies. Different passive cooling measures, 
façade constructions, climates and types of rooms are evaluated for a detached dwelling, in order 
to assess the performance of Active Insulation on multiple key performance indicators. A 
sensitivity analysis for the design parameters of Active Insulation is done to assess the influence 
of design parameters on multiple key performance indicators. 

It is found that Active Insulation can reduce the energy consumption and increase the indoor 
thermal comfort, while using less auxiliary energy than comparable passive cooling systems, such 
as night ventilation. Applying Active Insulation to a façade construction with a heavyweight 
interior partition and lightweight exterior partition resulted in the best performance. If a small 
period of thermal discomfort is allowed, Active Insulation can remove the need of an active 
cooling system in the climates of Helsinki, Amsterdam and Stuttgart.  
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1.2. Active Insulation 
In this research, the dynamic insulation system that will be studied is Active Insulation, 

developed by P&H Advisors. It is a dynamic insulation system based on forced convective heat 
transfer, acting as a heat exchanger between indoor and outdoor. The system is comparable with 
the dynamic insulation system studied by Pflug et al. (2014), but is an opaque insulation system 
instead of a translucent system. Active Insulation uses a structure of air ducts on the front and 
backside of the panel in combination with one or two low voltage fans for forced convection 
(InnoEnergy; P&H-Adviseurs). The system is sealed with aluminium foil on both sides to create a 
closed system. Figure 2 shows an exploded view and section of Active Insulation. 

 
Figure 2: Exploded view and section of Active Insulation (P&H-Adviseurs). 

The system is designed to allow for passive cooling during summer nights, but also passive 
heating during winter days with high solar radiation. Passive cooling is possible due to the 
temperature difference between indoor and outdoor, whereas Active Insulation can enhance the 
normal heat transfer from indoor to outdoor. During sunny winter days, solar radiation heats up 
the outside surface construction, whereas Active Insulation can effectively increase the heat 
transfer to the indoor, reducing the heating demand of the building. Preliminary 1-dimensional 
studies showed that Active Insulation has the potential to reduce the heating demand of a building 
with approximately 30%. During summer periods, Active Insulation reduced the amount of 
cooling days with roughly 90% (P&H-Adviseurs).  

The system can be applied to opaque façade structures, but does not increase the total 
thickness of the façade in comparison with traditional insulation material. Due to the fact that 
Active Insulation has night cooling decoupled from fresh air supply, it has multiple advantages 
over openable windows: there is no security risk due to the lack of openings, the system can be 
applied in noisy urban environments, there is no risk of discomfort due to draught and it is also 
suitable for areas with strong air pollution. 
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1.3. Research objective 
Even though some simplified performance studies have been done, there is lack of a verified 

performance indication of the Active Insulation system. Building Performance Simulations (BPS) 
can be used for further research into the performance of innovative building envelope systems, 
such as Active Insulation (Hensen, Loonen, Archontiki, & Kanellis, 2015). BPS take the dynamic 
influence of occupants, climate and systems into account and can therefore support development 
of a product in the research and design phase. Clearly, simple static simulations or calculations 
are not sufficient to determine the performance of Active Insulation. Furthermore, having no 
verified performance indications makes it impossible to compare Active Insulation with other 
passive cooling systems to determine its additional value. The investigation and assessment of 
the performance of the dynamic insulation system Active Insulation is therefore the main 
objective of this research. 

The simulation of a dynamic insulation system is currently not implemented as a standard 
function in current Building Performance Simulation tools. Most of recent researches into this 
topic have implemented simplified controls, based on the limitations of the simulation programs 
used. As Active Insulation has a dynamic behaviour based on outdoor conditions, it is important 
to correctly model this in a BPS tool. Implementation of Active Insulation in current Building 
Performance Simulation software and verifying the results of these simulations is the first step of 
this research.  

If the model is verified and it behaves correctly, the performance of Active Insulation can be 
compared to other passive cooling measures. A comparison should show if Active Insulation 
performs better, worse or similar to commonly used passive cooling strategies. Studying the 
performance of the system with different types of structures should determine for what types of 
building façades the system is applicable. To determine in what cases Active Insulation can be 
applied, multiple buildings or rooms with different characteristics will be assessed. This should 
give an indication in what situations Active Insulation can be applied to improve the performance 
of the building. Current design of Active Insulation is based on early design specifications and 
experience from its developers. Knowing the effect of different parameters on the performance 
of the system could help optimizing future designs of Active Insulation. Therefore, the influence 
of different design parameters and control strategies on the performance will be studied. 

Parallel to these simulations, a full-scale demonstrator project is currently planned to be used 
for performance monitoring of Active Insulation. Simulations can help design the demonstrator 
to ensure an optimal potential for Active Insulation. Furthermore, simulations can determine 
optimal design strategies for this specific case and determine which parameters need to be 
measured. These considerations will be reported to the company and can be used for future 
research and monitoring of the measurements.  
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1.5. Thesis outline 
In this thesis the investigation into and the assessment of the performance of Active Insulation 

is described. This is done using a dynamic building simulation model. The development and 
verification of this model is described in chapter two. With this simulation model, several case 
studies are executed. These case studies focus on comparing Active Insulation with different 
passive cooling measures, different façade constructions, different climates and two different 
types of rooms. The methodology of these case studies is described in chapter three, whereas the 
results are discussed in chapter four. In chapter five the demonstrator project for Active 
Insulation will be described and several studies to its performance and behaviour are described. 
Finally, in chapter six, the conclusions of this research are described as well as recommendations 
for future research.  
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2 .  D E V E L O P M E N T  O F  A  M O D E L L I N G  A N D  
S I M U L A T I O N  S T R A T E G Y  F O R  A C T I V E  

I N S U L A T I O N  

2.1. System description and requirements 
The physical principle of the Active Insulation is heat transfer by circulating air in a closed 

system. Air is not used for ventilation of any zones and is also not conditioned by a HVAC system 
to meet any requirements. The heat transferred by the air will be exchanged with the surfaces 
directly connected to Active Insulation. These surfaces will then function as heat sinks in the case 
of cooling, or low temperature radiative surfaces in the case of heating. Active Insulation 
functions based on forced convection, meaning that the system has a fan that can be controlled 
by a control system e.g. Building Management System. This fan determines if the air in the system 
circulates or not, resulting in a higher heat transfer rate if the system is on.  

Active Insulation is designed to cool a building during summer and heat it during winter. 
Cooling in summer will occur due to a high temperature difference between the indoor and 
outdoor environment and night-time radiation to the sky. The increased heat transfer from Active 
Insulation should result in a decrease in indoor temperature. Heating during winter periods can 
only occur if there is enough solar radiation to heat up the outside surface to a considerable 
temperature. If this requirement is met, Active Insulation can transfer this heat to the indoor 
environment by activating the fan. If these requirements are not met, the fan is off and the system 
is not active. The combination of still air and a low conductivity material result in a high thermal 
resistance in off-mode. 

Due to the fact that Active Insulation has the potential to function as a heating system or 
cooling system based on outdoor conditions, it is clear that control should be dynamic over time 
with the outdoor conditions. For heating, the activation should be based on an increased surface 
temperature due to solar radiation or a high outside temperature.  If cooling is needed, activation 
should be based on a low outdoor (surface) temperature or possible radiation to the sky. 

As is typical with a system for heating and cooling, activation should be based on temperature 
setpoints. Cooling should only occur if the dwelling requires cooling and vice versa for heating. 
The indoor conditions should be assessed continuously to see if the set requirements are met. If 
this is the case, the system should deactivate, regardless of the outdoor conditions.  

Next to the requirements on how the model should behave, there are also requirements on 
what level of detail the model should perform. This study is not focussing on the actual detailed 
performance of Active Insulation using for example CFD studies, but focusses on the performance 
of Active Insulation on façade and room level. Performance aspects of the model need to be 
depending on the level at which the system is simulated. On façade level, it should be possible to 
make a detailed analysis of the heat transfer through and storage in the construction to determine 
the influence of Active Insulation on the energy balance.  
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On room and whole building level, performance of the system should be analysed based on 
energy performance indicators such as heating and cooling demand. Next to energy performance, 
it should also be possible to assess the thermal comfort and overheating of a room or the whole 
building during a specified period.  

Simply implementing the enhanced heat transfer of Active Insulation in cooling or heating 
mode with a low R-value of the insulation layer, does not represent this adequately enough. The 
heat transfer rate of Active Insulation is likely to be depending on a lot more parameters than just 
material properties of the insulation layer. Mass flow rate, effective surface area, channel 
diameter and system temperature are likely to be parameters that influence the performance of 
Active Insulation. As a result, simplifying the model by using a switchable R-value of the insulation 
layer would not result in a detailed and accurate enough model of Active Insulation for the 
purpose of this research.  
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2.2. Model setup and choosing simulation software 
Modelling and simulation of dynamic insulation systems is currently still a complex task: 

there are currently no building simulation models available for the different technologies and the 
influence of dynamic insulation extends over multiple physical domains (Favoino et al., 2017). As 
there is not a simple way to model a dynamic insulation system in BPS tools, the simulation 
method of several recent studies into dynamic insulation and façade components have been 
compared. Park et al. (2015) developed a dynamic insulation model which switches the thermal 
resistance of the insulation material based on temperature and cooling and/or heating demand. 
However, the model can only adapt the RSI-value of the system to a fixed low value or a fixed high 
value. Other research  used a similar method, but determined the U-value of the system with 
laboratory research (Pflug et al., 2014). As described before, changing the R-value of the 
insulation material is not sufficient enough for the dynamic behaviour of Active Insulation. 

Next to simply changing the R-value of the construction, recent research uses predictive 
models that change the R-value to parameter depending values. However, these methods includes 
multiple control layers, optimization algorithms and the use of several BPS tools to determine the 
optimal settings of the dynamic insulation system (Favoino et al., 2017). Even though this method 
is superior the ones described before, this method still cannot fully model the complex behaviour 
of Active Insulation. This method is regarded as too complex to implement and not fully matured. 

Homem (2016) used a predefined switching schedule for changing the R-Value of the 
insulation material in a construction. Next to this, a method was used that can change the state of 
a construction layer based on a written control algorithm. The different states of the construction 
layers can be defined by the user himself and the algorithm can be made as complex as needed. 
This allows for a much more dynamic control of a system than a predefined schedule. The method 
showed too much uncertainty on how information for different states is transferred to the next 
time step, and showed spatial discretization and nodal placement scheme problems.  

As can be concluded from the studies above, there is not one correct way of implementing the 
complex behaviour of  dynamic insulation systems in BPS tools. Furthermore, the range and types 
of dynamic insulation systems are only increasing and each type functions on different 
fundamental principles. Implementation of these systems is therefore not straightforward and 
should be evaluated per case. In this research the simulation software used to model the dynamic 
insulation system is EnergyPlus. This whole building energy simulation software is among other 
things capable of handling complex detailed modelling situations, overriding built-in behaviour 
and has heat balance-based solutions. Furthermore, the source code of the system is open-source, 
allowing for adjustments to be made to the source code if desired. 

For this research a modified model of the Ventilated Slab system developed by Chae & Strand 
(2013) is implemented. The Ventilated Slab model and the Active Insulation system both function 
on the principle of forced convection through channels in a material. Activation of the system can 
be based on different temperatures (indoor and outdoor), mass flow rates in the system or 
predefined schedules. Using the temperature based control allows for dynamic control based on 
e.g. outdoor climate conditions. The next chapter gives an extensive explanation of the Ventilated 
Slab model and how this model is adapted to fit the characteristics of Active Insulation.  
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Even though there are a lot of similarities between the Ventilated Slab model and the Active 
Insulation system, there are also a few major differences. First of all, Active Insulation acts as a 
heat exchanger. When using the Ventilated Slab model, this could be modelled as two ventilated 
slabs in series. Secondly, Active Insulation does not use any outside air, it is a closed circuit 
system. And thirdly, there are no active heating or cooling components present in the Active 
Insulation system. 

The implementation of Active Insulation in the Ventilated Slab model is shown in Figure 5. 
First of all, the Active Insulation is split into two parts: an indoor side and outdoor side (step 1). 
In the ventilated slab model this can be modelled as two separate slabs connected in series (step 
2). Finally, the heating and cooling coil and outdoor air mixer are removed, resulting in two 
ventilated slabs in series with a supply fan (step 3). 

The slab in this model has a modified heat balance so that a heat source/sink can be 
implemented in the wall. This source/sink is the air travelling through the cores and its function 
depends on the temperature difference between the air in the cores and the room. Using this 
modelling method has been used before and is validated throughout studies (Scheatzle, 2006). As 
a result of implementation of the source/sink, only one ventilated slab can be assigned to a 
surface (wall, roof or floor). 

So, to implement Active Insulation in the Ventilated Slab model, a single surface equipped 
with Active Insulation needs to be modelled as two separate surfaces. The first surface is 
equipped with the indoor side of the system and the second surface with the outdoor side of the 
system. The zone that is created in between the two surfaces is modelled fully adiabatic to ensure 
minimal losses in this zone. A schematic representation of the implementation of this model in a 
room is shown in Figure 6. 

 
Figure 5: Schematic process of implementation of Active Insulation in the Ventilated Slab model. 
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Figure 6: Schematic representation of the final model. 

Figure 7 shows the schematic resistance diagram of a typical wall (1) and a wall equipped 
with Active Insulation (2). If the fan of the Active Insulation system is off, the system behaves 
exactly the same as a typical wall. The main difference between the two situations is the heat 
being transferred by Active Insulation between point 1 and 3. As a result of this heat transfer, the 
temperature in point 3 (T3) will be relatively similar to the temperature in point 1 (T1). This 
actually represents the bypassing of the thermal resistance of Active Insulation (Rcond, 2 & Rcond, 3). 

 
Figure 7: Schematic resistance diagram of (1) a typical wall and (2) a wall equipped with Active Insulation. 
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With the above metioned equations, the efficiencies of the system can be determined with the 
given heat flows. The system efficiency of the Active Insulation is constant at 98.5% for all 
temperatures. However, the solar gain efficiency is increasing with an increasing temperature. 
This is due to the fact that the difference between the surface temperature and the air 
temperature decrease, resulting in lower convective losses from the surface. The overall 
efficiency is mainly determined by the solar gain efficiency and thus also increases with 
temperature, as can be seen from Figure 10.  

 
Figure 10: With a fixed global horizontal irradiation and an increasing outside temperature, the overall efficiency of the 

Active Insulation façade increases. The solar radiation is more effectively transferred at higher temperatures. 

From the results it shows that characterizing the Active Insulation system with one U-value 
or heat gain efficiency is not possible. The system is dynamic in such a way that its performance 
is influenced by dynamic weather data, but also design parameters. However, the results do give 
an indication of the range of the U-value and the heat gain efficiency. Case study simulations will 
need to show the actual performance increase of Active Insulation for a specific situation.   
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2.4.3. Control considerations 
The model as described before has shown to be able to adequately predict the behaviour of 

Active Insulation in both the inactive and active situation. However, these two situations are very 
specific cases where the influence of a dynamic outside environment is minimized. To further 
investigate if the built in control algorithm behaves correctly and adequately predicts the 
behaviour of the model when dynamic outdoor conditions are present, an annual dynamic 
simulation is made. 

The model used for this simulation is built in such a way that only the effect of Active 
Insulation and no other building parameters is taken into account. This is done by setting up the 
model similar as in the hot box simulation. All external surfaces are adiabatic and have no mass 
and thus no thermal storage. No internal gains are implemented and there is no ventilation or 
infiltration in the zone. The size of the zone is 1.5 x 1.5 x 1.5 m³ and has a transfer surface of 2.25 
m². The dynamic outdoor environment is simulated based on a TMY weather file of Amsterdam. 
The internal control algorithm allows for control based on the operative temperature of the zone 
and two setpoints: one setpoint for heating and one for cooling. The system will activate if the 
operative temperature of the zone is below the heating setpoint or above the cooling setpoint and 
if the direction of the heat transfer is correct. The heating setpoint for this simulation is set at 
15°C due to the fact that Active Insulation is a passive system and the zone has no internal loads. 
Cooling behaviour will be activated if the operative temperature exceeds 17.5°C. These may not 
be realistic setpoint temperatures, but will allow for a good analysis of the functioning of the 
model. 

 
Behaviour with built-in control mechanism 

The first results of the whole year simulation are shown in Figure 11. The operative 
temperature of the zone if Active Insulation is inactive is represented by the green line, which 
functions as a reference. With the built in control algorithm and the system active, the resulting 
operative temperature of the zone is represented by the red line. Between January and May the 
contribution of Active Insulation can be seen by an increase in operative temperature, up to the 
heating setpoint of 15°C. Similar results are seen for the period November until December. 
Furthermore, between June and September the operative temperature is up to 5°C lower. 

 
Figure 11: Yearly operative temperature of the interior zone for a case with and without Active Insulation.  


















































































































































































