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Abstract: The retrofitting of the existing building stock is one of the most important goals to be
pursued to meet European targets. In this context, the RenoZEB project has developed a modular
methodology for the deep retrofitting of buildings, which is enabled by a prefabricated plug-and-play
facade that integrates different on-market technologies to achieve nZEB standards. This article
reports on the activities conducted in the study and design of the RenoZEB prefabricated envelope
system, providing insights on the tests conducted and the results achieved for the facade system,
with a specific focus on the use of technology laboratory facilities for real-environment validation,
which revealed the system to be in line with the project objectives.
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1. Introduction

In the construction sector, the retrofitting of the existing building stock is one of the
most important aspects in fulfilling the European targets for carbon footprint and energy
reductions. The target of the renovation of 3% of the existing building stock annually by
2030 is far from being achieved, with current only 1% of building being renovated yearly.
The reason for this is that the traditional solutions are expensive, complex, disruptive,
and highly time-consuming, with inherent inefficiency [1]. The objective of the RenoZEB
project [2] is to adopt a holistic methodology to face these challenges, along with the
development of plug-and-play (P&P) facades that can be unitized and prefabricated,
integrating different on-market technologies to achieve nZEB standards. The present
article highlights the results achieved in the P&P fagade analysis design, prototyping, and
validation activities during the RenoZEB project.

2. Methodology

Based on the selection of the on-market technologies to be integrated into the facade
system and the analysis of the existing building boundary conditions [3], the methodology
for the fagade system development was divided into different phases:

1.  Design phase—The objective is to design the P&P facade by working on existing
buildings in a less intrusive way so as not to affect users or daily activities while
providing a deep retrofitting solution for the building envelope;

2. Prototype phase—The objective is to manufacture the P&P facade to verify its feasibil-
ity and validate the prototypes;
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3.  Testing phases—The objective is to validate the performances of the P&P fagade
system.

3. Results
3.1. Design Phase

The RenoZEB envelope renovation system (Figure 1a) is composed of three different
layers: (1) the existing wall, which is not dismantled during retrofitting; (2) the cavity, which
guarantees the connection between the existing wall and new RenoZEB P&P facade module
hosting the brackets and additional insulation; (3) the RenoZEB P&P facade module.

The RenoZEB facade includes an aluminum frame and membranes that allow the
incorporation of vapor resistance, water and air tightness, insulation, passive and active
technologies (windows, solar collectors, and PV panels), and an external cladding material
that can be customized building by building. The final facade system is the consequence of
previous considerations and different preliminary solutions (Figure 1b). Thermal calcula-
tions and simulations of interstitial condensation have been carried out to meet specific
needs and fulfill the requirements of the two demo buildings of the RenoZEB projects:
Voru and Durango.

The developed facade system design has been applied for 5 different unit typologies:

e  Opaque Unit—Curtain wall fagade with customizable cladding system (fiber cement,
cement board, wood panel, etc.) (Figure 1c);

e  Window Unit—Curtain wall facade, which integrates the window frame unit and
shading systems such as roller shutters or venetian blinds;

e  Solar Thermal Collector Unit—Curtain wall fagade with a water thermal solar collector,
with water to be used for DHW to allow higher temperatures;
PV Panel Unit—Curtain wall facade with a PV;
Smart-IoT Unit—Curtain wall facade with sensors and actuators.
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Figure 1. RenoZEB facade system development: (a) conceptual drawing showing the three different layers; (b) technical

drawing showing the final solution of the fagade system; (c) technical drawing of the opaque unit.

3.2. Prototyping Phase

The prototyping phase is a crucial phase in the technological development of the facade
system, since it involves the verification of the correctness of the facade system. A dedicate
team from the Focchi company, which was responsible for prototypes, manufactured and
assembled the unit typologies (Figure 2).



Enwiron. Sci. Proc. 2021, 11,9 30f4

(b) () (d)

Figure 2. Manufacturing of facade system prototypes: (a) assembling the frame profile; (b) filling the frame with the mineral
wool; (¢) window unit; (d) PV panel unit.

3.3. Testing Phase
The tests conducted (Table 1) for the facade system were divided in two categories:

1.  Acoustic (Figure 3a), performances (Figure 3b), and fire (Figure 3c) tests: These were
conducted in the laboratory by a third-company expert, followed by certification to
validate the solution;

2. Real environment tests: The RenoZEB modular facade was installed, monitored,
and tested in a controlled safe environment (KUBIK), namely a test facility owned
by Tecnalia R&I (Figure 4). The aim was to validate the energy performance of the
fagade system by comparing the predicted and monitored results and to validate the
installation procedure and generate video content for training activities.

Table 1. List of the conducted tests.

Tests and Simulations Test Conducted Mock-Up
Thermal Behavior (EN13788) ISO EN 9869: 2014 standard Design and Kubik
Heat bridges and condensation risks EN 15026:2007 2 Design and Kubik

UNI EN ISO 16283-3:2016/EC 1-2016/EC

Acoustic improvement of existing envelope 2-2016 and UNI EN 1SO 717-1:2013 Acoustic Mock-Up (AMU)
Watertightness of joints (protection against EN ISO 13830:2005 Curtain Wall
driving rain (EN12865:2002) facade—CE for facade Performance Mock-Up (PMU)
Wind load resistance (ETAG 034—ER4—Safety EN ISO 13830:2005 Curtain Wall Performance Mock-Up (PMU)
in use) facade—CeE for facade
Reaction to fire (EN 13501-1) (Test under EN EN 13501-1—Indication about Reaction . g
13823, classification SBI) to fire classification Fire Mock-Up (FMU)
Fire resistance (EN1364-3 and EN 1364-4) Not applicable in ventilated fagade -

! Hygrothermal performance of building components and building elements—Calculation methods (ISO 13788:2012) and EN ISO 10077-
2:2008 and EN ISO 6946; 2 Hygrothermal performance of building components and building elements—Assessment of moisture transfer by
numerical simulation.

(a) (b) (0)
Figure 3. Testing activities: (a) AMU—Acoustic chamber ; (b) PMU—impact test; (c¢) FMU—fire test.
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Figure 4. KUBIK real environment test.

4. Discussion

The performance achieved for the testing activities revealed that the RenoZEB facade
system is in line with current building envelope standards for curtain wall facade solutions.
The PMU met all standard requirements (13830:2005), while the AMU showed a result
of 42 dB, which is the required standard. Further, the FMU revealed a potential classifi-
cation of B-s1-d0. Regarding KUBIK, the RenoZEB P&P facade installation proved the
overall correctness of the design. In addition, the real monitored transmittance value was
0.28 W/m?K, in comparison to the existing value of 1.47 W/m?K.

5. Conclusions

In accordance with the achieved results, the effectiveness of the RenoZEB facade
system was demonstrates. This could be considered a valuable solution for the retrofitting
of existing building stock. Indeed, its application in demo buildings, outside of the scope of
this paper, demonstrated the great potential of the RenoZEB P&P fagade from architectural,
technological, and energetic points of view.
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