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Abstract. In order to fulfil the current challenges for the European building sector, building design has diverged into two
alternative directions: active technologies and passive design strategies. In the last few years, advanced and responsive
building envelope components have represented a promising answer to these challenges. This paper presents the design
and construction process of a project that aims to design, build and control the energy performance of an industrial-scale
modular active ventilated facade prototype with a new Themoelectric Peltier System (TPS). The TPS is a thermoelectric HVAC
heat pump system designed to be located in the building envelope and providing a high comfort level. Trying to optimize
the energy performance of the traditional ventilated opaque facade, and make more efficient the energy performance of
the TPS, the concept of adaptability has been applied to ventilated opaque facades. The essential research theme is to
control the natural phenomena that take place inside the ventilated air cavity of the facade: taking advantage when heat
dissipation is needed, and avoiding it when heat losses are not welcome. In order to quantify the previous statements,
some facade prototypes are being built in Pamplona (Spain) and their energy performance is going to be analyzed during
a year.
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1. Introduction

The building envelope is the construction element that has the greatest impact on the overall
energy consumption of the building (Manioglu & Yilmaz, 2006). On the one hand, active technologies
aim at enhancing the level of sustainability in the built environment via the introduction of innovative
technical device. These devices are used for supply of energy from renewable sources or for conversion
of resources at higher overall efficiencies (Fabrizio, Corrado, & Filippi, 2010). On the other hand, the
term ‘passive’ (Chwieduk, 2003) refers to buildings where the design of construction and shape of the
building itself plays more roles in capturing, storing and distributing wind and solar energy, normally
with the aim of displacing fossil fuels for space conditioning and lighting (Sadineni, Madala, & Boehm,
2011).
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The fact that some of the most well-known producers of technological facade modules and windows
have started to develop integrated and modular multifunctional systems (Favoino, Goia, Perino, &
Serra, 2014; Hindrichs & Behaling, 2008; Schuster & Mueller, 2007) supports the vision that advanced
and responsive building envelope components could represent a promising answer to the challenge
posed by the newest energy regulations. These innovative facade concepts (Loonen, Trcka, Céstola, &
Hensen, 2013) are almost ‘self-sufficient’ building skins that show a dynamic behaviour and incorpo-
rate different technologies (e.g. decentralized heating/cooling units, heat exchangers, energy supply
devices, energy storage, lighting equipments, shading devices, ventilated cavities) aimed at reducing
the energy demand of the building, on one side, and at converting energy from renewable sources,
on the other.

2. Objectives

In this frame, a project called ‘Development, Construction and Analysis of an Active Facade Module
with Peltier Cells’ (ThEEn project) is presented, which aims to design an industrial-scale modular active
ventilated facade prototype with a new Thermoelectric Peltier System (TPS).

Trying to optimize the energy performance of the traditional ventilated opaque facade and to make
more efficient the energy performance of the TPS, the concept of adaptability has been applied to
ventilated opaque facades. The focus is a high control of the natural heat transfer phenomena that
take place inside the ventilated air gap. The aim is to promote heat dissipation during hot season,
and increase heat storage during cold season.

This paper is focused on describing and analysing the design and construction process of the active
ventilated facade system that incorporates the TPS. However, no results of the energy monitoring
performance are shown because it is still under construction.

3. The thermoelectric envelope (ThEEn) project

The objective of the ThEEn project is the characterization of an industrial-scale modular adaptive
opaque facade prototype incorporating a Peltier cell (thermoelectricity) driven HVAC system supplied
by energy from PV panels.

3.1. Adaptive ventilated opaque facade

During last decades the use of a ventilated opaque facade as a solution for residential building
envelopes has considerably increased, especially in Mediterranean countries (Marinosci, Strachan,
Semprini, & Morini, 2011). A ventilated opaque facade is usually defined as an opaque external layer
composed of lightweight and thin cladding, and an opaque internal skin which acts as thermal and
acoustic insulation. Between both layers there is an air cavity, drained and always ventilated (no
control). No air is transferred from the cavity to the room.

Although it is a really common solution, the ventilated facade is not always the best option, because
its energy performance could change heavily according to the climate characteristics and orientation
(Mesado, Chiva, Julia, & Hernandez, 2010). That is why its application must be deeply studied before
its installation (Giancola, Sanjuan, Blanco, & Heras, 2012).
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Many studies have been published analyzing the energy performance of a ventilated facade:

e During summer (Lopez, Jensen, Heiselberg, & Ruiz de Adana Santiago, 2012) air flows upwards
inside the air gap, due to the action of solar radiation, removing part of the heat loads throughout
the facade, thus reducing the heat flux through the indoor environment.

e During cold seasons, when solar radiation tends to be lower, the temperature of the air that
leaves the ventilated cavity is usually lower than the indoor air temperature, and the energy
balance is negative (Suarez, Sanjuan, Gutiérrez, Pistono, & Blanco, 2012).

Regarding the advantages and disadvantages of the ventilated air cavity, the proposal is to be able
to control this ventilation. So as to avoid the heat losses during winter, it is proposed to close the
cavity (no ventilation) in order to promote the heat storage in the air cavity, and hence the heat loses
are lower. However, during summer the cavity will be opened, thus the heat dissipation is increased.

3.2. Thermoelectric Peltier System (TPS)

The facade design incorporates an improved model of the Universidad de Navarra’s Patent (Fig. 1.)
(patent number 201101142) of a TPS (Martin-Gémez et al., 2010).
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Fig. 1. Scheme of the original TPS patent.
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There are many studies that evaluate the behaviour and show the different applications of the
Peltier cells and the materials that make them up (Yamashita, 2008, 2011). In our case, thermoelectric
technology is used as a cooling or heating system (Rodriguez, Vian, & Astrain, 2008).

The Peltier effect is produced when electric current flows through two different types of semicon-
ductor metals. The current starts the heat transfer from one union to the other: while one union is
getting cooler the other starts to heat up. If the direction of the current is changed, the heat transfer
direction changes too, hence Peltier cells can be used as heat pumps. From our point of view, in
winter it would absorb heat from the exterior air and supply it into the inside room space while in
summer, it would absorb heat from the air in the enclosed space and remove it to the outside.

There are some Peltier’s applications in buildings: (Arenas Alonso, Pagola de las Heras, Palacios
Hielscher, Rodriguez Pecharroman, & Vazquez Arias, 2007; Cheng, Cheng, Huang, & Liao, 2011; He,
Zhou, Hou, Chen, & Ji, 2013; Van Dessel & Foubert, 2010; Xu, Dessel, & Messac, 2007). The vast
majority of these applications uses thermoelectric as a way to transmit heat between two environ-
ments at different temperatures. Most of them associate the Peltier cells with the transparent part
of the facade.

This new HVAC System offers: high precision and reliability, easy installation and reduction of the
installation volume.

One of the initial requirements of the project is to drive the TPS by photovoltaic solar panels.
However, due to economic reasons it is not possible to incorporate a PV energy supply system at the
moment. Nevertheless, there is going to be a quantification of the electricity consumption.

4. Design and construction

The project aims to evaluate the possible energy savings and the energy performance of an inno-
vative thermoelectric HVAC system, linked also with ventilation control of the facade air cavity, by
means of comparison with a conventional HVAC system and facade system. This article shows the
different parameters that have been taken into account not only to design the facade but also to
build it.

4.1. Site parameters

In order to quantify the previous statements, two identical Prefabricated Building Modules (PBMs)
are being built at the School of Architecture in Pamplona (Spain) (Fig. 2).

The fact of having two different PBMs offers the possibility of getting comparative energy and
temperature performance data and, therefore, achieves more objective findings.

The two PBMs are located in an isolated place; no buildings can throw any shade on them and
they are highly exposed to wind (mainly north direction). However, not only the orientation but also
the exact disposal of the PBMs has been studied.

The long side of both PBMs is perfectly orientated south-west, since a simulation made with the
software Ecotect® shows that the south-west facade reaches higher temperatures than the south. So,
the facades which are going to be studied are the ones in the most hostile orientation, which means,
the south-west.

Despite the fact that the PBMs are located in an isolated site, the software SketchUp® has been
used to simulate the solar movement, and avoid that the two PBMs cast shadow one on the other

(Fig. 3).
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Fig. 2. Location of the two PBM at the School of Architecture, Pamplona (Spain).

Fig. 3. Screen view of the software SketchUp® for September at 12:24 a.m.

4.2. Building parameters

The differences between these two PBMs (Fig. 4) are:

e PBM 1: It will incorporate a conventional HVAC system (inverter type) and the envelope will
be composed by a conventional ventilated opaque facade (no control of the cavity ventilation:
always opened).

e PBM 2: It will incorporate the TPS and the air gap ventilation of the opaque facade will be
controlled through air dampers on/off (only south-west orientation).
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Fig. 4. Distribution of the PBMs and the type of building walls. F1 (always ventilated facade), F2 (Adaptive Peltier Facade:
ventilation control +TPS).

Table 1
Composition and properties of the facade (types Fla and F1b) layers from outside to inside

Layer t (mm) A (W/mK) R (m2K/W)
(6) Trapezoidal steel sheet (open/close) 1 —-/50 —/0.00
(5) Air gap (1) (open/close) 210 -/0.18
(4) Panel of rock wool 65 0.034 2.03
(3) Thick aluminum sandwich panels with PUR rigid foam core 35 0.023 1.13
(2) Panel of rock wool 46 0.035 143
(1) Laminated gypsum board 12.5 0.250 0.05

(The thickness of the air gap is too wide to calculate its thermal resistance as the coefficient between thickness and thermal
conductivity, because of the convective effects that take place inside it.

4.2.1. Walls parameters

All the sides of the PBMs, except the F2 that incorporates the Peltier system, are composed by
always open ventilated facade systems, and highly isolated (Table 1). There is no wall-window that
could alter the energy performance data of the opaque facade.

The external layer has a particular shape section mainly because of design reasons (Fig. 5). Never-
theless, this particular shape increases the section of the cavity, which increases the space to heat
accumulation during winter. Besides, some air turbulences are expected to take place rising up the
heat dissipation during summer.

A steel external layer has been chosen in order to avoid thermal inertia. The colour of this steel
sheet is a medium grey, trying to avoid too much solar radiation absorption during summer and too
much solar radiation reflection during winter.
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Fig. 5. Wall building section.

4.2.2. Cavity parameters

A double height PBM has been designed with the intention to generate natural ventilation in the
facade cavities. Besides, the cavity is divided into vertical boxes (Shaft-box) (Oesterle & Lieb, 2001). In
this type of division the height of the cavity is not interrupted so it presents a temperature gradient.
The air heats up in this space due to the distance between exterior bottom and top openings, which
means a better ventilation rate and, consequently, a decrease in the heat gains inside the room during
summer.

4.3. Active thermoelectric facade parameters

4.3.1. Principals

It is important to highlight that the HVAC system is integrated in the ventilated facade. The principal
of this new HVAC system is the heat transfer. As a global vision of the process, during hot seasons
the TPS extracts the overheating from the inside of the room to the air cavity. On the other hand,
during cold seasons the inverse process takes place.

At the same time, in winter the cavity is heated by solar radiation and captured (air cavity ventilation
in close position) while during summer it can be effective in extracting the excessive heat from the
cavity (air cavity ventilation in open position).

So, in this way, it is expected that the adaptive design of the facade would improve the efficiency
of the TPS.

4.3.2. Active Peltier facade composition
The composition of the active Peltier Facade is the same as the rest of the walls, but incorporates
the following elements:

e Adaptive Facade. Controllable ventilation dampers, installed at the top and at the bottom of the
facade. It allows the control of the air cavity ventilation.

e TPS. Consists of a thermo-electric modular equipment with a power of 1000 W. The system
incorporates 20 Peltier cells of 51,4 W each. Its dimensions are 1200 mm x 1800 mm x 250 mm,
which makes its perfect integration on the facade system possible. The inner layer of the system
is a refractory stone of 14 mm.
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It must be taken into account that the thickness of the air gap is higher than the ones commonly
used for the conventional opaque ventilated facade (6 to 8 to 10 cm). The thickness of the profitable
cavity (210 mm) in this case corresponds basically to construction reasons: it is the minimum one that
makes the installation of dampers that allow controlling the air gap ventilation possible.

One the one hand, during hot season narrower cavities produce an accentuated stack effect and
a stronger air movement which leads to a more effective extraction. On the other hand, in larger
cavity depths there is a reduction in the stack effect and the heat transfer towards the interior
room increases. This increase could be an advantage for cold seasons, which is the critical season in
Pamplona.

4.3.3. Expected energy performance

Figure 6 shows the expected energy performance of the active ventilated facade with the TPS.

It must be said that no detail of the Active Peltier Facade can be shown at the moment because
of legal reasons.

The set point to open the cavity inlet and outlet takes into account the difference of temperature
between the outside (To) and the inside (Ti) ambient. The cavity will be opened when To>Ti and
closed when To<Ti.

4.4. Test building

In order to quantify the thermal behaviour, both PBMs were equipped with different types of sensors
(Table 2), placed in different orientations and height (Fig. 7) so as to have complete information about
all the phenomena that take place throughout the facade.

Air cavity ventilation: Air cavity ventilation:
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Ceramic Ceramic
-3
[ )PP / T
4°C E \ / 41 21°C 25°C | 1 24°C
(Outside Y / (Inside target (Outside 1 | (nside target
temperature) 15°C temperature) temperature) \ 25°0 | | || temperature)
£
T T

Fig. 6. Energy performance during cold season (left) vs. energy performance during hot seasons (right).



Table 2
Sensor specifications
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Measurement Notes Sensor description N° Layout
parameter
Air flow (c) Buoyancy driven inside Ultrasonic anemometer 8 PBM1: 2 SW +2 NE
the cavity PBM2: 2 SW +2 NE
(f) External wind direction 1 Outside the PBMs
and speed
Temperature (d) Shielded External ambient Platinum resistance 1 Outside the PBMs
thermometer (PRT)
(i) Shielded Internal ambient 2 Inside the PBMs
(b) Mid cavity 8 PBM1: 3 SW +1 NE
PBM2: 3 SW +1 NE
(a) Surface 24 PBM1: 9 SW +3 NE
PBM2: 9 SW +3 NE
Relative humidity (g) External ambient 1 Outside the PBMs
(h) Internal ambient 2 Inside the PBMs
Global solar radiation (e) 1 x SW surface Pyranometer 1 Outside the PBMs
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Fig. 7. Layout of the measurements system. Front view (a) and section view of the south-west (b) and north-east

facade (c).
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5. Conclusion and future works

The design process of the facade module has been studied deeply. The facade composition and
energy performance expectations are already developed. It cannot be denied that the design of this
kind of complex building skins is an arduous task, and full of uncertainties.

The next step is to build and monitor the prototypes in order to evaluate their energy behaviour.
But, it might be said that the building process has already started. Nowadays, all the civil and services
installation works has been done to adapt the site for the PBMs and the frameworks of the modules
has been installed (Fig. 8).

Fig. 8. Photo of the PBMs (under construction).

Once the building process will be finished, their energy performance is expected to be analysed
during an entire year. At the same time, a model is being developed of the two PBMs so as to simulate
them not only with EnergyPlus® but also with ABAQUS®.

The targets of the project are not only to measure the functioning and response capacity of the
control of the air cavity ventilation against real situations, as well as its building viability, but also to
evaluate the possible benefits and the costs/profit ratio simulating and comparing the system with
traditional HVAC installations (validating, as well, the system’s adequacy to different climatological
features). Besides, the fact that there is going to be a real prototype allows to assess the viability of
commercialization of the system and its possible implementation in other fields.
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