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1. SUMMARY OF STSM

The National Laboratory of Energy and Geology (LNEG), choice as host institution for my STSM, has a large research
experience in energy in buildings, NZEB, facade elements and heat transfer, and it promotes facade design and
engineering at a European level and beyond. In such context, the Energy Efficiency Unit develops in particular its
activity in the energy efficiency field, acting in two particular sectors: the 'Building' (households, offices) and the
'Industry' sectors, with a particular focus on:

. Technologies, processes and products development, in close cooperation with the companies which are
active in the Portuguese Economy;

. Advanced training and dissemination in specific fields;

. Energy efficiency in buildings by the integration of active and passive technologies in buildings, renewable
energy systems, and prefabricated systems for building facades integration;

o New concepts: Net Zero Energy Buildings (NZEB) and Smart Cities;
. Audits in Building;
. EcoDesign and Design for Sustainability (products, processes) - The design of products that affect energy

consumption, in a life cycle perspective, along with the communication to the market of its characteristics and
functionalities;

. Etc...

Fig. 1. The Adaptive South facade of Edificio Solar XXI LNEG in Lisbon

The possibility to collaborate during my STSM programme of the Cost Action TU4013 with the team of international
expert of National Laboratory of Energy and Geology (LNEG), coordinated by prof. Laura Aelenei, has allowed me to
improve my knowledge in the field of the existing research about the evolution of smart facade systems in the area of
design and industrial production and to start an interesting collaboration with the Working Group 1 of the COST
ACTION that | hope continuing in the future.
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2. OBIJECTIVES OF THE STSM

My STMS has been focused to know the research methodologies adopted in the research Group of LNEG in order to
investigate the technological, functional and qualitative standards of dynamic facades and evaluate the energy
performances of the building envelope as a dynamic system that interacts between indoor and outdoor environment.

The activities developed during my two weeks in Lisbon have been focused in particular to increase my knowledge in
the frame of responsive/adaptive/interactive building envelopes working with the prof. L. Aelenei on the construction
of an adaptive fagade characterization matrix, based on: state of the art, database of different applications, projects
developed in this area which could be a useful tool for developing new adaptive facade design and technologies.

The objectives of my STMS programme have been those following listed:

1. To analyse the state of art of the dynamic fagade systems for the hot and temperate climate, contributing to
map out these types of adaptive facades with the objective to increase the activity started in the WG1 with
the creation of a supporting database.

2. To collect information from literature and case studies to build a new definition regarding adaptive facade
that will be used for starting a new publication (already planned regarding specifically to the definitions).

3. To enhance the knowledge on novel materials, concepts and technologies and/or the new combinations of
existing technologies for adaptive envelope, as indicated in the task 1.4 of WG1

4. To contribute to Annual Training School for dissemination of expertise to Early Stage Researchers
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Fig. 1. Screen shot of the Database case studies analysed to develop a new definition of “adaptive facades”
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3. DESCRIPTION OF THE WORK CARRIED OUT DURING THE STSM (ACCORDING WITH THE DESCRIBED OBJECTIVES)

The goal of my STSM has been increasing my scientific experience through the exchange of knowledge within the
working group of Prof. Laura Aelenei where a multidisciplinary team of architects and engineers work with specific
expertise in the field of energy in buildings, architectural building integration of renewable energy systems and
technology, developing interesting researches on the scientific area of building envelope.

The work that | have carried out at the host institution, during the two weeks of STSM, have been focused in
particular on the following main specific activities:

3.1 ANALYSIS OF THE STATE OF ART OF THE ADAPTIVE FACADES (D1.1), contributing to map out these types of
adaptive facades (available either on the market, or as prototypes or concepts) with the objective to increase the
activity started in the WG1 with the creation of a supporting database of different technological solutions and
applications of adaptive facades, characterized by a matrix of influencing parameters. In particular | worked to the
design of a new datasheet to collect the information on the adaptive facades analysed in the first part of the research
activities COST. Furthermore | have integrated the database with other case studies of adaptive envelopes located in
the temperate climate.
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Fig. 3. A first draft of Datasheet developed for the COST database

3.2 STARTING DEVELOPMENT OF A NEW DEFINITIONS OF ADAPTIVE FACADE based on the state of the art and survey
analysis that will be used for starting a new publication (already planned regarding specifically to the definitions).
(D1.2)

Adaptive, in fact is only one designation for a concept that is described by a multitude of different terms. Even within
the discipline of architecture, terms such as “smart”, “intelligent”, “interactive”, “adaptive” or “responsive” have been
used loosely and interchangeably, creating confusion as to their specific meaning and their conceptual relationship to
building performance and design. In response, during my STSM | have worked to build a provisional lexicon of
descriptive, behavioural and methodological terms to assist researchers and designers in navigating the field of high-
performance skins that incorporate materially innovative and feedback-based systems. It offers a brief overview of
current advances in this nascent and rapidly evolving field and articulates a broader conceptual territory for the term
“adaptive”; one that is able to interact with the environment and the user by reacting to external influences and
adapting their behaviour and functionality accordingly: the building envelope insulates only when necessary, it

produces energy when possible, it shades or ventilates when the indoor comfort so demands.
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3.3 FIRST REVIEW OF MATERIAL PREPARED FOR ANNUAL TRAINING SCHOOL (D 1.6) for dissemination of expertise to
Early Stage Researchers with a construction of an “Adaptive facade Syllabus” based on the state of the art and survey
analysis to use during the working sessions in order to provide a systematic characterization of the adaptive facade for
future trends of adaptive facades design, development of novel adaptive technologies.

( STTU1403 (\cosnuun) (\cos"uuo]

( COSTTU1403

CONTROL OPERATION DETAILS.

F .
= B

e
e 0

Fig. 4. A second draft of Datasheet developed for the COST database

4. OTHER ACTIVITIES:

- To know the research activities of LNEG and in particular those dedicated to project, test and prototype
innovative facade systems. During my two weeks of STMS, in fact, | could visit the LNEG Campus and its
innovative buildings. In particular | worked inside the experimental Edificio Solar XXI, so to analyse the
interesting technologies that have been adopted to reduce the energy consumptions for heating and cooling
during all months of the year and to know the adaptive fagcade systems with the integration of an innovative
PCM, that is tested in these months in the south fagade of this building.

- To Acquire new skills on novel materials, technologies and new combinations of existing technologies for
adaptive Facades in order to provide a selection of technologies applications already adopted in existing
projects, identifying the strongest and weakest points, and to pursue new concepts and new products for
adaptive facades;

- To develop new knowledge such as effective evaluation tools to analyse the energy performances of the
multilayers and smart facades

5. OUTCOME
The outcome of my STSM have been:

a) The STSM has contributed to a deliverable described in the MoU of the Action

D.1.1. Report and database with current state-of-the-art adaptive facade materials, systems and new concepts
D.1.2. Report on real world case studies of adaptive facade applications.

D.1.3. Report on progress made in new adaptive technologies over the course of the Action.

D.1.6. Contribution to Annual Training School for dissemination of expertise to Early Stage Researchers

b) The STSM results in a joint journal/conference publication

As the min contribution is the structure of definitions regarding adaptive facade based on the state of the art and
survey case studies analysis, the results of this STSM will be used also for starting a new publication (already planned
regarding specifically to the definitions)

c) The STSM results in a joint research proposal

Opportunities for joint participation in H2020 proposal were analysed, in particular those relative to the calls
regarding the adaptive envelopes (i.e. EE02 Energy-efficient Buildings; EE14 Construction skills; EEO3 Standardised
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installation packages integrating renewable and energy efficiency solutions for heating, cooling and/or hot water
preparation, etc.).

6. BENEFITS OF THE STSM

The relationships that | have developed during the STMS with other researchers employed in the field of design and
test of adaptive envelopes allowed me to improve my knowledge and transferring this in my research and in the
following activities developed into the COST Action TU1403:

- Editing of reports on: current adaptive facades modelling techniques; current state-of-the-art adaptive facade
materials, systems and new concepts; real world case studies of adaptive facade applications; progress made in new
adaptive technologies over the course of the Action; etc.

- Input and contributions to relevant parts of educational pack into WG1
- Teaching activity in Annual Training School, Education Pack and Industry Workshops, etc.

Moreover, the possibility to transfer knowledge between two research centres and to compare two different scientific
approaches could accelerate the development of new international researches on innovative components and
evaluation techniques, and their adoption and application in buildings located in South Europe.
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Case studies from Cost
Database

Active features: the elements through which buildings
self-adjust to changes initiated by their internal or
2008 external environments, achieving comfort conditions|

while minimizing energy consumption. They can be|

strategic decision-making for intelligent buildings:

Active Fagade/Envelope CE. Ochog, LG. Capeluto

pact of p:
active features in a hot climate
f both automatic and manual and do not need to include

2 but most of today's...
‘Accommodating Fagade

w

These fagade can seize the opportunity to save energy
RCG.M. Loonen, M. Tréka, | Climate adaptive building shells: State-of-the-art and 2013 by adapting to prevailing weather conditions, and|
D. Céstola, J.LM. Hensen |future challenges, Renew. Sustain. Energy Rev support comfort levels by immediately responding to
4 |occupants” wishes....

Adaptable facades can thus act as climate mediator,
RCGM. Loonen Bio-inspired Adaptive Building Skins 2015 negotiating between comfort needs and what is
available in the ambient
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[CABS typically are complex systems with their relevant|
phenomena taking place across various physical
|domains. In addition, CABS have to resolve conflicts and
trade-offs between energy consumption and thermal
6 and visual comfort

Adaptive fagades consists of multifunctional highly|
Adaptive Fagade/Envelope adaptive systems, where the physical separator
between the interior and exterior environment (ie. the
Design for fagade adaptability - Towards a unified 2015 building envelope) is able to change its functions,
and systematic characterization. features or behaviour over time in response to transient
performance requirements and boundary conditions,
with the aim of improving the overall building]

Climate Adaptive Building Shells What can we 2010

RCG.M. Loonen  mafate?

Loonen RCGM, Rico-
Martinez JM, Favoino F et
al

An adaptive architectural envelope is one thatresponds
2015 to changing environmental conditions both interior and|
exterior while the indoor

Adaptability is the ability of a system to deliver|
5. Ferguson, A Siddigi, K. Ve 2007 intended functionality considering multiple criteria
Lewis, and 0. De Weck |and review under variable conditions through the design variables|
9 | changing their physical values over time.

10 [Adjustable Fagade/Envelope

M. Lopez, R Rubio, 5. pti P
Martin, B. Croxford etal. ~humidity, carbon dioxide and light control

An Advanced Integrated Fagade (AIF) is the outer|
weather-protecting layer of a building that can|
Designing with responsive buildings elements 2010 contribute to heating, cooling ventilation and lighting|
requirements and can promote interior comfort]
11 through efficient, energy saving measur

Phototropism (Le. changing in response to light) and|
heliotropism (ie. changing in response to the sun), have
o 2002 been effectively transformed to buildings in CABS-
concepts enabling to actively collect or reject solar|
12 energy

The skins of plants and humans tend to be seen as the

A.v.d Aa, P. Heiselberg, M.

Advanced Fagade/Envelope Poring

e/Env P
Biomimetic Fagade/Envelope | vermiltion unlight stimali

Fig. 2. Screen shot of the Syllabus matrix to use in the Summer School of September.
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