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Abstract: Energy consumption in buildings has become an important part of the global 
energy consumed in Europe and it is mainly related to heating ventilation and air 
conditioning (HVAC) systems. Hence, efforts need to focus not only on improving the 
building envelope but also on enhancing the energy efficiency of the HVAC systems. 
The use of thermal energy storage (TES) in buildings has been widely studied as 
passive system through their incorporation in the building envelope. Lately, new 
applications of active TES using latent heat storage materials are becoming popular. In 
this paper, two innovative systems of TES integrated in the building, double skin facade 
and internal slab, are presented. The use of a building component as a heat storage unit 
and heating and cooling supply provide significant energy benefits. The potential of 
both technologies are presented for space heating and cooling. Moreover, some aspects 
found during the experimental studies are highlighted to determine required 
improvements and further analysis. 
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1. Introduction 

Nowadays, energy policies (Directive 2010/31/EU) and building regulations are 
determining new limits on the energy consumption in buildings. Therefore, low energy 
or zero energy buildings are becoming the target to achieve by the building stock. These 
new policies give importance to the research and development of technologies focused 
on reducing the energy demand and the greenhouse gas emissions (Horizon 2020), by 
promoting the use of renewable energies. Development of new technologies to integrate 
renewables in heating ventilation and air conditioning (HVAC) or domestic hot water 
(DHW) systems should be provided by researchers to achieve better acceptance by 
architects and engineers. Moreover, the integration of these new technologies in the 
building design is shown as an attractive alternative to conventional systems. However, 
the mismatch between supply and consumption that characterize most renewable 
energies should be solved by a properly designed thermal energy storage system (Zhou 
et al. 2015). 
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building, and electricity cost profiles in the control algorithm could optimize the 
performance of these systems. 

The high investment cost of these systems makes mandatory an appropriate control to 
maximize the energy benefits during its operation. A first step was done in the double 
skin facade technology through an experimentally validated numerical tool used to 
study the effect of different control strategies on the performance of the system (de 
Gracia et al. 2015b). Three different tested control strategies are optimized based on 
cost savings, energy reduction and CO2 mitigation. The results obtained showed the 
improvement in the performance of the system by using an appropriate control strategy, 
and how optimizing based on one output can influence the other two benefits claimed 
by TES systems. 

 

5. Conclusions 

The research related to two innovative technologies for space heating and cooling are 
presented in this paper, the double skin facade and active slab. The integration of phase 
change materials in the components of the building provides the possibility to use a part 
of the building as an active storage unit and a heating and cooling supply.  

The potential of both technologies is demonstrated through the experimental study 
performed in the facility located at Puigverd de Lleida, Spain. The double skin facade 
and the active slab were tested experimentally under real weather conditions coupled to 
a house-like cubicle demand. During the summer tests, the high potential of the night 
free cooling effect was demonstrated in both systems for reducing the cooling loads. In 
both cases, double skin facade and active slab, the cold storage capacity of the systems 
is very sensitive to the outer night temperature, being limited under Mediterranean 
continental climate summer conditions. In the case of the double skin facade the system 
prevents successfully the overheating effect that could be found in the air channel. 

In addition, during winter tests the use of the ventilated facade with PCM reduces the 
electrical energy consumption of the installed heating system even without using 
mechanical ventilation in the air cavity. The active slab system registered also 
significant energy savings compared to a conventional system that highlight its 
potential. 

The integration of active TES systems in buildings is considered a relevant aspect to 
take into account in building designs, to achieve better acceptance of these new 
technologies in the building sector. However, the complexity of these systems requires 
an effort not just on their building integration, but also in the design of their control 
strategies to achieve their maximum energy benefits and justify the high required cost 
investments. 
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