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4.1 Final publishable summary report

Executive summary

The key to greater energy efficiency lies in restd# buildings which represent about 80% of the
total building stock and 63% of the final energynsomption. MeeFS (Multifunctional Energy
Efficient Facade System for Building Retrofittingww.meefs-retrofitting.eu) was conceived in order
to address the development, evaluation, and demnadiost of an innovative multifunctional facade
system geared towards the residential buildingosewaiith the potential to significantly contribute
energy efficiency in buildings across Europe. Thigzt started on 1st January 2012 coordinated by
Acciona Infrastructures (Spain) and supported byneas from 9 different countries: Tecnalia, AST,
Govern of Extremadura (Spain); E&L Architects, S&kRa (Poland); Greenovate! Europe
(Belgium); CQFD, TBC (France); AntWorks, Vipiemmbaly); Rizakos, NTUA (Greece); FHG
(Germany); VTT (Finland) and Technion (Israel). Tiverkflow was very challenging, linking:
design, testing, redesigning, manufacturing andrabing. The biggest challenges in the last period
were actually administrative in nature, especial$yit took the project over a year to obtain the
licences for the planned installation. In totakds five years of hard work and many lessons learnt

The MeeFS multifunctional fagade system can be aseretrofitting technique across Europe, with
different buildings and climates. The panels hasenbdesigned to fit social housing buildings. After
analysing hundreds and hundreds of housing typesogcross Europe, it has been concluded that the
building standards do of course differ dependinghanyear of construction, aesthetics and function,
but overall they are quite similar. The panels hheen developed accordingly using a modular
system to fit any climate and housing situatione @nchorage system has been developed with
special trays that can easily be adjusted to altowdifferent building sizes.

The site and building chosen for the demo site wadérida, and owned by only one institution -
the local government - which always makes the ei@tuwa lot simpler. Further into the project, it
was discovered that the building residents were wery critical social predicament and this ledto
number of technical issues that had to be solvediten such as the redistribution of the panels on
the facade due to limits in access to apartmeris. greliminary results from the demonstration
buildings in Merida are very promising. The teclahiddevelopment and fine-tuning of the
construction process was successful. However, tbheeps of analysing simulations and gathering
energy data is still ongoing. Final results, sungnip the impact of the panels is expected in mid-
2017.

MeeFS has claimed a breakthrough in developing teebinologies: the advanced passive solar
protector & energy absorption unit and the advarngassive solar collector & ventilation unit. Both
panels aim to increase energy efficiency, reduthegotal energy demand and enhancing the indoor
comfort of the building. To achieve this, the pane&lombine several technologies that are
automatically adapted to the position of the pamel the climate. Depending on the season and time
of day they are able to adjust to the specific gneliemand of the building.

Since the MeeFS system is an innovative technolihgyfeasibility of the system in terms of costs is
still unsure: it costs more than the state-of-thetechnologies. On the other hand this technology
has been proven to be easier to adapt to buildingsts effectiveness is higher than that of steshda
technologies. The MeeFS facade system paybackismmited to seven years, so the panels are
more energy efficient and offer greater savingghalong run. The panels have been designed to be
adaptable to future technology as well, having adgchance of being competitive in maybe five to
ten years.
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Figure01. MeeFS Retrofitting Facade System with different Technological Units, Demo Building Mérida
(Spain), final project meeting 2016

Summary of project context and objectives

The overall objective of the MeeFS project wasdbeelopment, evaluation and demonstration of an
innovative energy efficient multifunctional facaggstem for residential building sector retrofitting
This new facade system was to be easily adaptexhyoclimate condition and any typology of
residential building facade.

The concept was based on an energy efficient iatedgrsystem composed of an innovative non-
intrusive facade concept, from composite materialsgd advanced multifunctional panels with
technological modules that will allow the integeatiof both active and passive technologies in the
facade. The system was designed for building epeatetrofitting, to drastically improve the energy
efficiency of residential buildings in Europe.

PO
@ Muitifunctional panel @ Technological unit @ Structural panel @ +@ Technological module 1‘&
@ Existing facade @ Structural module @ Thermal Insulation @ +@+@ Multifunctional pane!



DIFFERENT COATINGS
WOOD  CERAMICS  METAL

AGUSTIG, SOLAR SOLAR GREEN

THERMAL SOLAR CLAZING PROTECTION THERMAL FACADE

INSULATION PHOTOVOLTAIC TECHNOLOGICAL
TEGHNOLOGIGAL  TECHNOLOGICAL UNIT TEEHNS::?GICAL TECHNL?p:[?GIEAL TECHNS':_:GICAL

UNIT UNIT §
b

[

Figure02.Initial idea for the MeeFS Retrofitting Fagade System, concept for structure and technological units,

2012

The innovative concepts addressed the general idées below:

Innovative facade concept for retrofitting:

its system of construction does not exist for ffigting nowadays

allows the integration of advanced multifunctiopahels and technological modules
standardised dimensions for panels and modulesrdgingoto the different facade surface
typologies

allows for industrialised production

allows personalised configurations for each fac&g®logy, orientation and local climate
conditions, always using standardised panels arfthtdogical modules

low intrusive, connected with the building througineduced number of anchorage elements
aesthetic and compatible with the existing buildungctions

the volume of the scaffolding will be reduced dgrthe retrofitting process

low maintenance, easy assembly and disassembly

cost effective in service life, it will avoid futerrretrofitting using the same structural modules
that can be upgraded with technological innovagitamg building life

integration of the installations (building visibkxisting installation) in the facade structure
system, integration among them of the differenaflzmodule installation and with the building
internal installation system

it will improve the Indoor Environmental Quality

it will increase durability

Energy Efficient panels and modules:

all the modules integrated in the facade includpasticular technology (Active or Passive
technologies) that will allow the reduction of themary energy either reducing energy demand
of the building or for supplying energy by mean®k&S (Renewable Energy Sources)
most of the modules will be state of the art alyepdoven (to be cost effective and energy
efficient)
there will be two new energy efficient breakthrougbdules developed in the project based on
passive strategies under bioclimatic architectuirgcyples
o Advanced Passive Solar Protector and Energy Ahsorguto mobile (sensors and
actuators) unit for building facades with thermaulation, heat storage, heat reflection
and ventilation properties according to the climate temperature (outdoor and indoor)
situation as well as sun radiation level at eacmerat
o Advanced Passive Solar Collector and Ventilationdie for Building Facades.
Although the concept is known for new buildingse @pplication in retrofitting is new.



The existing wall of the facade can act as parthef system as an element for energy
storage.
= flexible combination of the different technologigsthe modules will contribute to the global
energy efficiency and to a higher indoor comfort

Innovative facade structure materials:

= New safe and cost effective composite materialedas improved thermoplastic polymers with
better fire performance and environmental behayiaith the following properties:
o High thermal properties avoiding thermal bridges
Lower embodied energy than aluminium and even tedysteel in the whole life cycle
Lower cost for the same performance
Lighter-weight than aluminium for the same struatyrerformance
Improved mechanical properties
Low corrosive
Long durability and less maintenance
Recyclable
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Enerqy efficient retrofitted building:

= |t will obtain at least the energy efficiency ofwéuildings according to current national

regulations. Each country transposes the dire@d4/31/EU demanding certain requirements.

As an example, in Spain, where a demonstratiordimgjlwill be retrofitted, the transposition of

the directive is realised through three royal degteThe type and level of performance

requirements for new buildings depend on the cienadne where the building is located. The

demonstrator located in Badajoz (Spain) will reatheast all the requiremefitdemanded for

new buildings in this location.

o Maximum U-value for external wall: 0.73 W/m2 °C

0 Maximum U-value for windows oscillate between 2ritla4.4 W/m2°C depending on the
facade orientation

0o Maximum solar factors for windows oscillate betw@&29 and 0.57 depending on the facade
orientation

Minimum 70% solar contribution for the Domestic Ngater (DHW)

o No obligations for PV electric contribution for réential buildings

o No obligations for Energy certification for exigfinbuildings to be retrofitted. Minimum
demanded certification in scale (A-G) is E in cabthe new buildings. The objective is to obtain
in our case A certification in the demonstratorlués for the energetic certification in Badajoz
(Spain) count in KgCO2/m2 emissions are:

(@)

‘ 8,70-13,50

13,50-20,80 ;
> 20,80
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Figure03.Exampl e on energy certyfication chart

3 According to the above decrees the buildings retrofitted have to comply with the same minimum requirements as new ones when for building retrofitted the floor area
exceeds of 1000 m2, or more than 25% of the building envelope to be renovated.
“http://www.codigotecnico.org/cte/export/sites/default/web/galerias/archivos/DB_HE_abril 2009.pdf

5 Values obtained by means of the procedure of calculation described in the official document “Scale of Qualification Energetics for Buildings of new construction”
http://www.mityc.es/energia/desarrollo/EficienciaEnergetica/CertificacionEnergetica/DocumentosReconocidos/OtrosDocumentos/Escala_%20calif_energetica.pdf




The LIDER is a software tool that permits to test the degoéecompliance with the
requirements of the Spanish technical code CTE ioeed above. The CALENERSs software
tool for energetic certification (A-G).

= At least min. Indoor Environment Quality requirerteeas per CTE
» Building Energy Management System incorporated
» Pay-back less than 7 years

Innovative methodology for retrofitting

» The Integrated Project Delivery (IPD) Methodologyi we used for the design, retrofitting, and
commissioning of the building. It will be supported BIM (Building Information Modelling)

The system will incorporate tools for system desigmposed by a Guide for design, retrofitting and
commissioning for building to be retrofitted

o Methodology for facade design that will be implenseh
a. Architectural Design, Structural Design and Congtan Process
b. Energy Design (building on the existing passive active design knowledge)

0 A decision-support software tool for the desigrited facade (optimum modules combination),
depending on the energy efficiency requirementslewlaichieving and/or maintaining the
aesthetical values.

o Guide for using and maintaining the facade system.

The design guide with the decision-support softwad and maintenance guide will be also used
after the project by designers for retrofittingldings.

To achieve the objectives, the work plan was stmect in 11 WPs. WP1 to WP8 are devoted to
research activities and corresponding technicalc&ngific management/coordination, WP9 deals
with the demonstration activities and WP10 dealthvimnovative exploitation & dissemination
related activities, WP11 is devoted to projectfiicial, legal and administrative management.
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Figure04. Project management structure, 2012

6 http://www.codigotecnico.org/web/recursos/aplicaciones/contenido/texto_0002.html
"http://www.mityc.es/energia/desarrollo/EficienciaEnergetica/CertificacionEnergetica/ProgramaCalener/Paginas/DocumentosReconocidos.aspx




A description of the main S&T results/foregrounds

60 months into the Multifunctional Energy Efficign€acade (MeeFS) project the consortium has
completed all project phases (WPs), related to dtohitecture and energy facade shaping, and
concluded with the demonstration and exploitatioresidential building in Mérida, Spain.

Architectural & Structural System Design [WP1]

The primary goal of this work package was to degvetloe architectural system of the modular
facade, taking into account technical and aestlwiieria, taking into account the existing multi-
family building stock in the EU, introducing inndixae approaches to retrofitting philosophy: the
facade is not only the external “face” of the bunty but also integrates itself with the building’s
technical installations, adding new value and fiometlity helping to reduce energy expenditure and
improving the living conditions of dwellers. The kaglanned was successfully completed, creating
the revolutionary facade system from the grounddepgeloping all-new structural elements, dealing
with innovative materials and solutions, using v, state-of-the-art building technologies. Catef
analysis of the residential building typologies dedal aspects in respective EU countries inspired
the standard fagade system module dimensions andetmition of the standard fagade structural
system elements (panel, module, assembling systembuilding retrofitting across Europe. In
addition the analysis of climatic conditions in pestive EU countries, taken in different work
packages related to this, leads to economicaligiefit integration of existing and new building’s
technical installations into the multifunctionaflwustturally uniformed facade system. Finally, the
introduction of BIM parametric objects with embeddsrametric data has been considered, for the
creation of custom BIM libraries with MeeFS objectd the end of the project the basic facade
project guidelines were prepared, to summarisattigtectural and structural developments.

The work has been organised in different stepstrsgawith outlining the design for the main facade
system elements, its sizes and position on theléa@nd concluding with the proposed design for an
anchorage system. As a result of studying the uartgpes of facade data from EU countries, the
most important set of facade parameters was defites creating the typology scheme for the
MeeFS system. One of the crucial dimensions todfmedd was the distance between the different
slabs for the considered residential buildings, #m position of the main fixing points for the
innovative facade system. The results of this sthiywed that most of the dimensions are not so
different between countries, although not the sarhe&ourse. The distances between slabs are
different according to the country. In fact, builgs in the North Zone have distances longer than 3
metres (Germany and UK for example), and in thetfsand Central, shorter than 3 metres (like
Poland and Spain). The average of all these distaiscvery different by country too, and at this
moment it was clear that it was not possible to enakly one module dimension. It is feasible to
group some countries with similar dimensions togetltike Finland with no standard dimensions,
Germany and UK (and possibly Italy and Greece) whee dimensions are between 3,1 and 3
metres, Poland and Spain: under 3 metres (in op® 2& metres and the other one 2.4 metres). In
conclusion it was decided that for the MeeFS faciadeould be useful to create two different
dimensions: a standard for North countries (3.0%resg and a second one for the South ones (less
than 3 metres). The deeper studies were done wighdi the “Virtual Mesh” (VM), a tool designed
for this analysis, to help extract generic dimensifrom the catalogue of building typologies. VM
was applied over the pictures/drawings and it adldws to create axes and to generate automatic
dimension between axes. These axes can be dratha twilding’s outline, windows distances, slab
distances and all the necessary geometry to desttrébfacade.

The outcomes from the initial studies and firstwdreys propositions on the panel, module and unit
dimensions helped to inform the anchorage systebetdesigned for facade. On one side it should
be used to fix all the different elements, with thain objective to integrate them and fix themhie t



retrofitted building. Instead of using single anghg elements as initially planned, the proposal fo
this project consists of using an anchoring trayed in several points to the floor slab, where the
multifunctional panels can be mounted and adjustdividually. The design of the tray considers
the mechanical components, allowing the panelsstplaced at slightly different vertical positions,
absorbing the differences between the slabs dimessiAn additional feature of this tray is that it
provides an area for the installation componentstha passage of piping and wiring, necessary for
the appropriate operation of this energy- efficiagade system.
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Figure05. MeeFS fagade system standardised facaneept based on panel, module and technologica) uni
on left the 3x3 module configuration, with exaniptegration of the technological unit (insulationit).
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Continuing with the detailed design of panels, mMesland mechanical joints, technological units, its
particular elements and architectural details, Illfgntne architectural and structural design for the
system was expanded in time. It was crucial towalllbe facade design to adapt to the proprietary
needs of the manufacturing process and materiadglexted for its execution. In close collaboration
with the activities related to the material and ofaoturing of the structural profile [WP7], the pre
testing campaign has been planned to decide ddfiroh the structural material between aluminum
and composite for profile (fire requirements anchafacturing trials), in continuation for the module
for technological unit. As an initial constraintetlaluminium was chosen for the module structure
due to its better fire behaviour and design fldiibi To avoid thermal bridges through the metallic
structural module several options were analyseddas the common idea of dividing the profile in
two elements: the introduction of an intermediatdbber element to break the bridge; the
combination of an aluminium element with a plasiement with good LCA. The design of the
structural module has been modified to createdhbdities channels and to isolate each technoldgica
units’ effect to avoid unwanted interactions througe common air gap. Finally, having finalised
the fire testing for the composite material, ané ¢t the initial positive results, the selectionttod
composite for the facade main structural elemestltegen decided for main panel support, alongside
the aluminium for technological units also agreed.

To achieve the final goal of work package - the plate definition of the multidisciplinary MeeFS
facade’s system - first the valuable building datalysis parts (several branches) were performed
and all relevant information has been crossed thighdata on different disciplines like installagon
energy system, technological units constrains cgnfitom the different task and work package
related to them. Basing on the initial summary, Bi& (ArchiCAD) parametric objects were
created for major system elements. Energetic, tstral¢c material properties and cost data was added
to parametric objects. Those objects were subséguart in BIM libraries — created exclusively for
the MeeFS Facade System. Concluding the summaail déta, the demo Facade Project has been
prepared — in the basic form of Building Permitigesirawings.



In continuation, all outputs from the architectuaad structural design have been presented, frem th
generic design to the specific demo design in ¢ésedential building in Mérida, province of Badajoz,

Extremadura region, Spain. [WP9] (The designviiks further developed and adjusted in order to
comply with the Spanish Local Law Requirements asdVlandatory Tests for the whole system.

The overall MeeFS System guidelines were adaptedetalemo building. The documentation was
first prepared at the Basic Project level and aftensortium approval, the preparation of the
Execution Project begun — it was then finally coeld with testing, and deeply designed below the
work package related to demo [WP9].

]

Figure06 MeeFS facade system applied on demoibgild FigureO07 Final Execution design on demo
facade in Mérida, Spain, 2015 building in Mérida, Spain, 2015

Once the Mandatory Testing for the whole system sugsessful, and the fagade design was finally
closed, the MeeFS Consortium requested the BuilBiegnit to be issued by the National Spanish
Government Entity from Extremadura. After beingrgeal a Building Permit, the construction works

commenced, according to the Execution Design, aede veonstantly upgraded and revised in
collaboration with fagcade designers and demo Tdauial and WP9], local Merida architects and

the Main Contractor (execution) team.

Energetic System Design [WP2]

The MeeFS project energy concept is built on trielogical units integrated into the architectural
and structural facade system, capable of redutiaghergy consumption and improving the indoor
comfort of poorly insulated residential buildingsr@ss Europe. In the context of defining the
appropriate energy system technology configuratfonslifferent climatic conditions and residential
building types, a multi-step approach has beenodi@d, aimed at determining representative
building energy requirements for energy efficieneypd indoor comfort. Building energy
consumption generally depends on the external weatbnditions, building characteristics and
heating, cooling and ventilation (HVAC) systems.efiéfore, a thorough analysis of past and
ongoing European and national research projectbéas carried out in order to obtain information
regarding climatic characteristics, HVAC instakeits typologies and typical building typologies
across Europe.

Initially, major European climatic zones have betentified by analysing the climatic conditions in
all European Union countries; 3 different climatienes have been defined, namely “North” (Dfb
and Dfc climate categories in the Koeppen-Geigenate classification system), “Central” (Cfb and
Dfc) and “South” (Csa and Cfb), which reflect siggant climatic differences. Analysis of the
European climate diversity has led to the seleatibh3 representative cities, for which facade wall
characteristics of existing buildings have beerrdhghly studied. A detailed classification of the
most common facade and external wall typologiesgiims of materials used and U-values, has been



also performed, to determine the most represeetatikternal wall compositions for the MeeFS
target buildings. Finally, a thorough classificatistudy of the most common HVAC installations
across Europe has been performed, aiming to deteritiie most typical installations used in
residential buildings across Europe.

The facade, being a part of the building envelgeparates the outdoor and indoor environments,
functioning as a thermal insulation and air tightrker; visual contact to outdoors is also allowed
through windows. The MeeFS Technological Units (TWgre designed to cover these main
functions and also add new functionalities, whéducing the overall building energy consumption.
Aiming to determine the main characteristics of MeeFS TU to be developed, results of the
aforementioned classification studies have been,useconjunction with EPDB requirements, in
order to perform a series of building energy simiafes; simulation results yielded a range of
average energy demand and consumption values garatybuilding configurations across Europe.
Once areas of energy performance improvements bese identified for the simulated buildings,
located in 13 characteristic European cities, atn@nge of alternative technologies and solutions
that can be integrated into the MeeFS system heee bnalysed and comparatively assessed.

The obtained results served as a starting pointhidefinition of the basic design requirements fo
the TU to be developed in the MeeFS project. 7 dyplestate of the art technologies have been
considered initially for the MeeFS TU design, namBLilding Integration Photovoltaic (BIPV),
Insulation Panel, Ventilated Facade, Green Fagatézing, Solar Protection and Facade Integrated
Solar Thermal Collectors. Aiming to comparativegsess these 7 technologies and determine their
applicability for the MeeFS system, a series oflding energy simulations has been performed, in
conjunction with a thorough cost analysis, baseioergy savings and payback calculations. The
energy savings for each TU were determined usinigibg energy simulation software tools, for 5
representative cities (Athens, Madrid, Paris, Bednd Helsinki), covering all 3 European climatic
zones. In each of the 5 investigated cities, repagive wall and HVAC equipment configurations
were used; all 4 possible main facade wall origmtat (N, E, S, W) have been taken into account.
Overall, almost 400 simulations have been perforrs@thulation results were employed to quantify
the energy consumption for HVAC purposes beforerfént” configuration) and after (“retrofitted”
configuration) the implementation of each TU. Thxtained simulation results were used to evaluate
and compare the potential energy savings of eachSighificant savings in energy demand were
calculated, especially for the “South” and “Cernitrines, where buildings are usually not very well
insulated, thus resulting in high projected gainsheating energy consumption. The estimated
maximum energy savings are presented in the fofigwable; significant potential energy savings,
up to 60% are reported. However, since in the sbedl “base case” apartment, all walls were
assumed to be adiabatic, except from the faca@ephtained results corresponded essentially to a
theoretical “best case scenario”; application & kheeFS TU in real buildings is expected to yield
lower actual energy saving values.

Additional information regarding the costs assadatvith the construction of each TU allowed the
estimation of the respective payback period. Initeaid a methodology to estimate non-monetary
benefits has been developed, aiming to evaluateusiinability of the TU by taking into account a
broad range of economic, environmental and soeietiofs like energy savings, low maintenance,
recyclability, aesthetics, thermal insulation ameduction of cooling and heating energy demand,
reduction of CO2, fire protection, comfort, healtlying, energy independence between the most
important of them.



Technological Unit Maximum Sssingfzni;ﬁ:ﬂ"“ﬂ enerey
Insulation 46%
Green fagade 43%
Ventilated fagade 47%
Glazing 435%
Passive Solar Protection 47%
APSPEA 36%
APSCVU 60%

Figure08 Estimation on the maximum savings in aheaergy consumption by TU

Results of the aforementioned assessment methodatigwed to determine the 7 TU types to be
developed in the frame of the MeeFS system: Bugldintegration Photovoltaic, Insulation Panel,
Ventilated Facade, Green Facade, Solar Protecfidmanced Passive Solar Protector and Energy
Absorption Unit [WP3], Advanced Passive Solar Cdlthe and Ventilation Unit [WP4]. After the
basic characteristics of the 7 TU have been defireskarch activities focused on the determination
of the final detailed design for each TU, takintpiaccount the structural design, the fagcade system
installation design and the energy saving strateggss Europe. The final detailed design comprised
the overall description of the TU, where information a broad range of matters, such as functional
description of the TU, layout of each required comgnt and auxiliary system, architectural design,
anchoring system, auxiliary systems and instalatiequirements, location layout, range of validity
across Europe, possible location of the TU on adaglocation of connections for its integration in
the facade structure, location of ducts and wirpagsible installation restrictions, were givenc@n
the final detailed design stage had been reachedfollowing step was the determination of the
manufacturing process of the 7 TU, including alevant components, e.g. materials, systems and
facilities, necessary to produce each final teabgichl module, ready to be assembled to the MeeFS
multifunctional panel. Detailed building energy siiations were once more performed for the final
TU configurations, for 5 typical European citiebese simulations were accompanied by cost-
effectiveness and non-monetary benefits evaluation.

A “general rules of design” handbook was subsedyeméated, aiming to provide guidelines and
general rules for TU selection in the context dagade refurbishment process across Europe. The
first part of the handbook provides some guideliteeshe user in order to select the appropriate
climatic zone, initial external wall level of perfoance and initial windows level of performance.
Guidelines are given in a checklist style mode anbles. Towards this end, a variety of building
classification rules were defined. For instancep @iternative methodologies were employed for
climatic classification, the first one using “heatidegree days” (HDD) and “cooling degree days”
(CDD), while in the second one a list of Europeaunrtries is used. Also, regarding the initial state
of the external wall, various methodologies wergkayed, such as consideration of the U-values of
the external wall (when available), consideratidrih@ thickness of insulation (when available) or
consideration of the age of the building and (wheailable) the date of any previous retrofitting.
Finally, in terms of the initial state of the glazareas, two classification methodologies were
developed, by either considering the U-values efwlindows (when available) or estimating them
by considering the age of the building and (wheailable) the date of any previous retrofitting. The
second part of the handbook allows the pre-seleatfolU for the investigated building. By taking
into account the energy strategy defined in theipts step, as well as special requirements given
by the user, a set of suitable TU is proposed toripemented on the building. The user is allowed
to remove some of the TU for aesthetic, technoklgic any other reasons. Finally, the last part of
the handbook allows calculation of estimated enesayings. The final TU selection is based on



building energy simulation results stored in a datiéd database, which has been developed for a set
of typical buildings across 13 representative Eaempcities, by employing results obtained from
approximately 1400 building energy simulations. fnejected energy savings for the investigated
building are determined considering the closegtainstate and climatic condition compared to the
one considered in the database. Different TU coatlun alternatives are proposed for each facade
and corresponding energy gains and payback pesiedeported.

In addition, detailed simulations have been perfminin an effort to assess the impact of the
proposed MeeFS system on the thermal and energgusgtion behaviour of the demonstration
building. In this context, a series of “thermaldye” simulations has been performed initially,
aiming to assess the “thermal interaction” betwden MeeFS system and the existing building
facade. A detailed building energy simulation modél the demonstration building has been
developed, covering both the “pre-installation” afmbst-installation” configurations. Since 8
different apartments of the demonstration buildiogated on the™ and & floor, were considered
for the MeeFS energy retrofitting process, 8 indiidl models have been developed, taking into
account all available information pertinent to eagartment (e.g. external and internal dimensions,
construction materials, internal layout, occupahtracteristics, installed heating and cooling
appliances etc.). A detailed monitoring systemngisin extended sensor network, was installed in 3
of these apartments, aiming to provide a detailmmbant of the temporal evolution of a range of
important parameters (e.g. outdoor and indoor teatpee and humidity, wall surface temperature
and heat flux, indoor velocity). The obtained monitg data, covering a period of 18 months before
the MeeFS system installation (“pre-installatiorgripd) and 2 months after the energy retrofitting
(“post-installation” period) have been used to daie the developed models.

A series of building energy simulations has beefiopmed, using the EnergyPlus software tool. All
simulations covered a period of one year, usingha time step, the sole exception being the “post-
installation” validation study, where only a 2 miongeriod, corresponding to the period for which
monitoring results were available, was addresgatally, all 8 apartments were simulated in their
“pre-installation” state, aiming to assess theerthal performance. In this context, comparison of
the obtained predictions with available monitoridgta provided a means of validation for the
developed simulation models; good levels of agregnh@ve been observed, given the complex
nature of the simulations, especially regardingstoehastic nature of real life occupant behaviour.
Energy simulations allowed an estimation of theuahrenergy demand for heating and cooling
purposes for each apartment considered. It sho@dnbted that due to the construction
characteristics of the demonstration building treédy new building, adequately insulated) its
thermal and energetic performance before the rdingf process were found to be quite good, thus
suggesting that rather modest energy savings wegrected after the retrofitting process. In order to
determine the “post-retrofitting” building energghmaviour, a specific simulation model for each TU
has been developed; the respective models havebtemintroduced in the EnergyPlus simulation
tool. Once more, the obtained numerical resulteHaeen validated by means of comparison with
available “post-retrofitting” monitoring data; imis case, slightly worse levels of agreement have
been achieved, owed mainly to the complex thermtaractions between the various TU installed in
each monitored apartment. A series of further “pesofitting” energy simulations yielded
estimations of the potential energy savings thatlma achieved either by each individual TU or by
the specific TU combination used in each of thep8rements of the demonstration building. On
average, savings in energy demand were found &b the order of 15% (c.f. figure below).
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Figure09 Estimation of the energy demand savingstal (heating and cooling) by TU

As expected, due to the good thermal performanciefdemonstration building even before the
MeeFS system retrofitting, the achieved levels oérgy savings (15%) were lower than that
previously calculated for older and badly insulabedldings that constitute the main “target group”
of the MeeFS retrofitting project. The best “ov€rakrforming TU type was found to be the “Solar
Protection TU”, whereas in terms of reducing enatggnands for “heating” purposes only, both the
“Insulation Panel TU” and the “Advanced Passiveadlollector & Ventilation Unit TU” were
found to yield energy savings higher than 18%. Ijina further series of simulations has been
performed, assuming that the demonstration buildingboth its “pre-installation” and “post-
installation” configurations, is located in two elhative European cities (Berlin, Helsinki),
corresponding to significantly different climaticorditions (“Central”, “North”). In this case,
maximum energy demand savings were found to bewbatdower (up to 11%), a fact that clearly
illustrates the need for optimising the TU typeestibn and distribution for each specific climatic
region.

Advanced Passive Solar Protector and Energy Absorpt ion Unit [WP3]

The development of the breakthrough facade unit83YWVP4], in this case Advanced Passive Solar
Protector and Energy Absorption Unit, has been @sed to complete the selection on state of the art
technological unit developed under previous workkpge [WP2] with the innovative one. The aim
was to improve the annual energy performance obthiklings to be retrofitted, balancing heating
and cooling requirements. For that purpose the equmal design of the Technological Unit was
developed, defining its constructive design andraoeg system for its integrations to the MeeFS
system. Based on the previous conceptual desigadeanced design for the unit was developed
with specific metallic and plastic profiles thataganteed the correct integration of PCM, insulation
material and coating, the water tightness and taebmdge break. New energy and CFD simulations
were performed to evaluate its energy performanchfierent European climates.

Several approaches have been studied to identdyirgagrate all the required components and to
achieve an optimal design. The most suitable wnifigurations have been established with the best
annual energy performance balance of heating aalihgoloads for different climate locations and
orientations in the target geographic locationsnegef for the MeeFS system. It has been evaluated
energetically using energy simulation software gotw improve its potential to reduce building
energy loads by optimising its components and dapegyaystem.
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Figure10. Design concept and the first prototypeAalvanced Passive Solar Protector and Energy
Absorption Technological Unit

To ensure the Technical Unit thermal performancpr@totype is being developed to test and
evaluate its results. Two prototypes with differdd€M materials were built to evaluate the
performance under real climatic conditions. Thesetqgtypes were installed and evaluated in
Acciona’s test-cell facilities in Seville (south @p). A special software tool was developed to gath
and evaluate the prototypes performance. The evatuaf the prototypes concluded that no
physical modifications were needed. The modificsidetected were focused on its mechanical and
control systems. The components description hasa beganised depending on their location and
use, and detail definition made for slats, framechanical and control system components.

—— # - N
Lt wwiich 3 *
Positon 3 A
Limit awitch 2 i O !
Postion 1 ii 1‘*‘[
[ | =
| v [} A 3
 vor ALY D 2
MooFS |" o H -
; k|
#
| EE
st vy [T
230 VAL r |
0

Figurell. LAB test on one of the innovative Teabgiokl Units and the unit slat system re-designed.
The manufacturing steps have been defined, andletk@drawings on manufacturing components
prepared, estimating for every step the time needhb cost estimation. From material gathering,
components assembly, structure fixing, to facsitieonnectors, including labour works. The
ASP&EA units was manufactured and tested in Aplil2 and has passed all mandatory tests
necessary for a demonstration building. At thissaesh phase the cost is high, compared with the
state of the art components, but the industrialised in case of a large scale production is expect
to be lower. Using the experience obtained durimg prototypes manufacturing process a final
design for the unit has also been defined. Dueh#o time limits on demonstration, and some
contractual problems with the current manufactafethe unit, the decision had to be taken not to
consider it for the final demonstration design aad to put in risk the full demonstration fagade
process considered. [WP9]
The system is able to balance heating and cooleggi$ by maintaining air chamber temperatures
between 15° and 30 ° (outdoor 5°- 40°). The fio@l energy demand saving have been estimated
between 25% in total consumption, divided 27% feating and 40% for cooling.
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Figure 12. Real scale unit prototype manufactuesting, its implementation and assessment.

Advanced Passive Solar Collector and Ventilation Un it [WP4]

The main objective of this work package has beenliavelopment of the Advanced Passive Solar
Collector and Ventilation Unit to best improve thenual energy performance of the buildings to be
retrofitted, balancing heating and cooling requieaets. This will provide a multifunctional
bioclimatic technological unit to improve thermarformance in building facade refurbishment. The
different steps have been considered to achieventam goal, the conceptual design, thermal
simulation, early prototype constructions and tegtthe unit installation and energy refinemend an
finally the manufacturing process and costs dedinit

The first part of the work, as defined in the tadkas been related to the detailed definition ef th
technological unit conceptual design. This work oainly be summarised in the next 3 pictures.
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Figurel3. Winter configuration of the systemFigurel4. Components of the APSC&VU
and Summer configuration of the system

In the above Figures it can be seen the differenfigurations that the system can use depending on
the external conditions (Winter or Summer). Thesafigurations can be obtained using the
different positions that the roller of the systeould reach. With the movement of the rollers the
system could work as a ventilated facade (mainlgummer conditions), as a parietodynamic wall



(heating the interior space with external air) sraatrombe wall (heating the interior space ait tha
flows across the unit chamber). All these possiedi contribute to the final behaviour of the unit.
One of the improvements that this unit has is #Hiathe elements are controlled by an algorithm
developed in the project. This algorithm is in g®iof opening and closing the different active
elements that the unit has depending on the inteomalitions (the unit is connected with a sensor t
the interior of the building), the external conalits (there is another connection with a weather
station) and the internal conditions of the uniaiber (the one inside the unit itself which is in
direct contact with the PCM to heat the air andféims to allow a better flow). The algorithm and th
different components are controlled by a computetailed in the unit which also has connection
with the general control of the facade. These tampmuters manage the entire system of the unit.

To verify this information and the incidence thhe tsystem can have in the heating and cooling
conditions of a specific space, they several sitrarla (passive and dynamic) have been done and
additionally the system has been prototyped anthlled in the KUBIK building of Tecnalia to
measure the real behaviour (vigiarror! No se encuentra el origen de la referenciaandjError!

No se encuentra el origen de la referencigof an initial prototype.
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Figurel5. Installation of the first prototype ofethFigurel6. Special control system to operate the uni
APSC&VU in KUBIK building in the KUBIK installation

The unit has been measured for 6 months. With #it@ abtained during this real test they have been
provided results for different climates (South Epeaas Sevilla and Madrid and North Europe as
Paris and Berlin). Analysing these results it carséen (view an example of the results for Madirid i
Figure 17 andError! No se encuentra el origen de la referencid.that the unit has a good result
related to the heating energy output (around 25%-B0all the climates analysed) but the behaviour
related to the cooling energy output is not repredese (in all the climates analysed). Some change
can be done in the characteristics of the PCMshefahamber but the results do not look very
promising. The good result is related to the hegbiossibilities of the system in all the climates.
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Figurel7. Monthly heating energy output per sqgm Bigurel8. Monthly cooling energy output per sqgm of
collector surface for Madrid collector surface for Madrid
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One of the next steps after the early prototypestantion and validation in real conditions is to
verify the system previous to the final design. #uestural verification was conducted under
simulations of the different components of the tegbgical unit, to have more data before
producing the final prototypes.

The final objective of the work-package tasks hesnbto install the unit in a demo building located
in Mérida (Spain) to validate the performance ialreonditions with real users. To make this



installation it was necessary to verify that thareleteristics of the unit comply with the different
European standards and also with the legal congirurequirements of the demo country. In WP7
of this project the entire analysis of the systesms been conducted and in the next table are the
results obtained by this specific technologicaltufhese results are higher than the minimum as
defined by the Spanish Construction Code. Due i® d@nhd taking into account both results and
requirements, it was established that the unit’titkve legal problems to be installed in the demo
building in Mérida (Spain).
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Figure 19. Test results under European standardé\RSC&VU

Once the testing validation was finished, with nmiobbanges in the design (it was necessary to repeat
some of the tests to confirm the new designs)pthrufacturing of the samples that were going to be
installed in the demo building began. The differeotmponents were collected during this process,
some of them provided by the partners of the ptof#te profiles in aluminum and pvc, the
insulation, some of the electronic components) aihe@r ones were commercial products that were
bought by Tecnalia.
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Figure 20. General view of the demo Figure 21. Detail view of one of the units
building with the APSC&VU

After receiving all the components, the processnahufacturing started in order to have the two
units for the demo project built and checked. After installation of the different components that
form the sample, the mechanical components wetede€®nnecting the unit to a computer with the
control software. The rollers, the blind and thasfavere tested in order to verify that everything
works as expected. Once this verification was fiedsthe units were sent to Merida to collect them
in the final workshop and to make additional testee the controller of the unit was installed.

In this last verification all the modes were testhdt the sample can use to open and close the
internal and external air ventilation elements, edefing on the configuration of the rollers:
connection between inside and outside of the goibpection of the chamber with the outside and
connection of the chamber with the inside. Apaotrfrthis it was tested again (after the transport),
checking the operation of the algorithm simulatiliferent conditions to see if the fans, rollerglan
blind reached their different positions without Iplems.

After all these tests the units were installedhia tlemo building as it can be seen in the above
pictures.



Facade System Installations Design and Integration [WP5]

Designing the facade system installations and rategy them with the existing facade was a
successfully overcome challenge. The main achiem&syan this part are described below.

At the beginning of the project a design methodglogas elaborated, which allowed the
identification of the essential information requir® attain an optimised integrated solution relate
to the specific needs of the Technological Unitbealesigned and manufactured within the project.

TUs Requirements Electricity, Water and Control

¥

TUs X Electricity generated; Electricity
Distributi B RUSEEESEEGIGERITE I ELIGCHE  consumption; water consumption;
istribution . Hotwater production...
Existing Building - - Calculations of piping and wiring
Services = Basic Design components according to regulations
4

Piping and wiring diagrams

RV LESIELELNIETTILER Floctical and piping layouts
sometrics

‘ Connections Details drawings

Bill of materials and detailed
specifications

Figure 22 Installations design methodology

Based on the steps indicated by the previous metbgy, different important tasks were
successfully completed: (1) Identification and ge@l of relevant functional and legal requirements
for the installations needed by the Technologicaitd) (2) Development of different solutions for
the integration of the service installations inb@ tstructural panel; (3) Analysis and selection of
solutions for connection and connectors. Assessmantinnovative solutions for future
implementation and, (4) Elaboration of a desigrdgline to aid the creation of optimised wiring and
piping layouts on each particular facade.

Summary of requirements

= AC power supply for pump and control system: 230 V.
» Centralised HVAC system.
* Double insulated pipe system.
HOT » Water pump for water circulation in the collector field

WATER (located in the HVAC room).
» Thermal Storage Tank: ~75 I/m? (located in the HVAC
room)

rj AUX » One or several circuits for each fagade, with heat

MEATER exchangers/collector systemin the storage system.

—ﬂ[,_,‘ » Drain back system: one for each independent circuit.
STORAGE + Several auxiliary devices: meters, valves, ...
M—@ TANK D= - If domestic hot wateris provided, specific insulated

piping to each dwelling.

PUMP coLo

WATER « If space heating is provided, 2-tube insulated pipe
. system to each dwelling.
Systemdiagram

(drain-down)

Green Fagade TU No. 11
West Block

Figure eret aspects of the installationsida considered in the proposed desigethodology



Once all these activities were completed, a softvagplication called IMET (Installation Material
Estimation Tool) was developed to make initial resties of the required installation components for
buildings to be retrofitted with the MeeFS facagistam. It consists of an Excel VBA Tool that runs
under a Graphical User Interface (GUI) createdauiiie .NET framework. It has been designed as a
standalone software, however, it is intended tade in conjunction with the ERES software. Once
the architect/designer of the retrofitting projettthe building has determined the TU layout of the
facade using ERES, he/she will be able to roughtimate all installation components that will be
required for that configuration. The user can aigee a summary of the results obtained in .PDF and
.DOC.

Figure 24 IMET Tool. User Interface and PDF SummBpcument

Finally, the last achievement consisted of theglesind proposal of viable technical solutions for
the integration of the different facade distribuatisystems (electricity and water) with the existing
building installations. The latter can be configie many different ways and does not follow any
identifiable pattern. Consequently, a general diaation of these installations was performed and
different solutions for connection with the exigfibuilding services were proposed, considering all
specific technical and legal aspects of each pdaticproblem. Finally, solutions for the demo

building were also provided, together with the ctetg set of installation drawings, bills of

materials and descriptions, necessary for the paéipa of the demo project.

IEE-ASPEA. ESQUEMAS DE CONEXIONADO ELECTRICO. VISTA DELANTERA
TIPOP/ TYFEP TIPOR! TYPER

ogy: 23 Tipo de panel / Fanel Typology: 6

Tipo de pansl [

A caja de control CB_003
To Conirol Box CB_003

embra 8 contactos) PXDB03 + SA3244
A3244

RV-k 0.8/1 KV 2x1.5 mm2

RV-k 0.8/1 KV 3x1.5 mm2
RV-k 0.8/1 KV 3x1.5 mm2
Cable BELDEN T4002ZNH

T

NSTALADOS EN LA PARTE TRASERA DEL PAMEL
MULTIFUNCIONAL, UTILIZANDO EL ESPACIO RESERVADO
PARAELLO.

NOTA / NOTE -

TODOS LOS CONECTORES Y LOS CABLES DEBEN SER
A caja de control CB_00. N To Condrol Box GB_001
To 002 A caja de control CB_001

To Gonirol Box GB_(

THE

From Junction Box JB_002
De caja JB_003 De caja JB_002
From Junction Box JB_003

Figure 25 Detail of electrical installation drawisgor demo



Facade System Energy Management & Building Manageme  nt [WP6]

The facade Energy Management System (EMS) is & a&dhievement of MeeFS project. This
system may be compared to the nervous system afram body, performing similar functions in
MeeFS intelligent facade structure, i.e.:

This

sensing/measuring the signals from the nearestusling of the facade, and from the inside
of facade’s structure itself,

analysing the current state of the facade, by tpkito account the facade’s current operating
conditions, and computing the best set of actionsHe facade to make, in order to bring the
facade to the next, most desirable state,

issuing the control signals to active TUs.

system is easily adaptable to highly differenbfigurations of possible application scenarios

(different buildings, different climates and diféet operating conditions), because of its highly
flexible design in terms of hardware and softwaractures. The flexibility of these structures has
been attained by using simple and easily scalaiblgigns in both the hardware and software design
cases, i.e.:

the hardware — consisting of facade’s CPU, an d¢otanected group of integrated drivers
(called nodes) and sensors. Different roles of GRY nodes may be implemented by using
software modifications, and/or by using hardwaresion boards,

software — CPU has a linux based system running, @lowing for writing custom fagade
management programs, for example implementing cesyilike: facade’s algorithm
evaluation, communication service for nodes, mamp system management, external
communication (useful for e.g. ESCO, surveillarfadure detection applications).

The range of possible configurations of EMS is Marge. This feature is intentional, as it allows f
the system to adapt to many different buildingaf@ting scenarios. In order to present one of the
possible configurations of the system, and algegbits performance in the real case conditidms, t
particular version of the EMS has been designednaadiee for the case of the Demonstrator (Demo)
building (located in Merida, Spain), and integrateih the MeeFS intelligent facade structure.
Following will be the short description of the DeBMS.

The Demo EMS consists of the following components:

|

>

e E: g{

Central Processing Nodes (integrated at Control boxes Weather Station (WS)

Unit (CPU) each active TU) (communication
between CPU and TUS)

Figure 26. Components used in the Demo EMS stmeictu



The following picture presents the layout of the &Mitructure integrated in the Demo intelligent
facade.
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Figure 27. Overall layout of the Demo EMS struetur

The EMS of the Demo implements the control alganitthat controls the operation of the PSC&V
TUs, taking into account factors like: external @enib temperature and wind speed from the WS,
internal temperature of the TU, temperature ingide corresponding dwelling, specific day of the
year and time of the day, dwellers input. The EM$he Demo is also responsible for performing
monitoring data acquisition from the weather statio

The EMS is designed to operate fully autonomouwaihpough it is possible to access it with internet
via dedicated VPN connection.

For the node components special extension boardsdiso been developed, which were intended to
be used with other types of TUs, however due togbs in the project, they have been not used in
the final Demo EMS configuration. The following gbgraphs indicate particular extension boards:

PSC&V TU ASP&EA TU GREEN TU
(used in EMS DEMO) (not used in EMS DEMO)  (not used in EMS DEMO)

Figure 28. The EMS components considered forrdiftfacade units.



Composite Structural Material and Manufacturing [WP 7]

The research related to the innovative material isananufacturing process has fulfilled major
achievements in terms of innovative composite metgr production process and product
standardisation. Among the main achievements, floddwvings are outstanding:

1. The Production of a thermoplastic pultruded ipFafith multi-orientation reinforcement fibre has
been proven, at the same time the possibility &the anionic pultrusion process to produce hollow
section profiles reinforced by transversal fibréher from winding technique or from the use of
fabrics. This opens a wide range of possible prafésigns with outstanding mechanical properties.

Synoptic of the process

P ot firm protactuon po paites

B dozing wnd st n unt

gure 29. The production process considered ferrioplastic pultruded profile..

2. The Production of a large thermoplastic comperposite hollow cavities profiles has been
carried out. During the course of the MeeFS progatensive trials have been carried out to identify
the process parameters for the production of the steuctural frame profile with multi-cavities. An
impressive number of more than 800 bobbins have bsed to form the pultruded shape.

Figure 30. The large thermoplastic complex compgdsdllow cavities profile manufactured.

3. The novel prototype reactive thermoplastic psin line has been studied and achieved. The
production of the structural panel required theigtesand construction of a novel thermoplastic

pultrusion prototype line including specific dosingit adapted to the anionic pultrusion process.
Design, assembling, testing and production wereessfully carrled out at CQFD.

Figure 31. The novel prototype reactive thermopdasultrusmn I|ne
The new reactive thermoplastic pultrusion procegmwered by a powerful caterpillar machine
specially designed for the production of such helt@avity profile of about 5kg/m. The pulling



capacity is around 7Tons with force sensors anfil@ipping detection. The multi-component
resin system is injected under pressure via thingasit developed for pultrusion into a pultrusion
die of the required profile

shape
Figure 32. The novel prototype reactive thermojdasultrusion line.

4. The special non-burning inorganic paint for theplastic composite profiles has been
manufactured. This non-burning paint is based ampgdymers which do not burn until 1000°C.
With such a coating, the burning ability of the gmsite profile is reduced and the smoke emission
is limited. CQFD has carried out trials to identfyormulation compatible with PA6 surface.

Figure 33. Special non-burning inorganic paint thermoplastic composite profiles

5. Fast and easy assembling and mounting on sstbdwn proven [WP9T.he complete facade was
assembling on site to minimise transport cost. flll@peration took about one month, plus 2 weeks
of facade installation onto the building. Assemblemd Mounting the MeeFS system turned out to
be easy and without any majors troubles.

6. Finally, successful complete standardisatiothefnovel MeeFS facade, one of the most crucial
project milestone points, has been successfulljopaed. The main objective of this task is to
define the legal requirements that apply to the fem@de developed by MeeFS project and to make
the corresponding tests to be carried out on tt&dka units to address the Spanish Requirements. To
be able to make this characterisation it has besmessary to build specific prototypes. The final
results have been used to define which technolbgmits can be installed in the demo building in
Merida.

The steps carried out in the document to definerdggirements that need to be fulfilled by the
system are the next ones:

1. Product definition: The MeeFS project is going &fige a new type of facade with some
differences compared to the facades that are antbiment in the market. In this point it is
going to be described how we define the MeeFS fgaying to find similarities to those
defined in the facades standards.

2. Test according to product definition-ETAG 034: Orficend one standard that could be used
as a start point to define the characteristicshef MeeFS facades, define which are the
requirements that must be evaluated and the vatiic method.



3. Spanish requirements and mandatory tests: to d#fimee product characteristics that shall
be determined according to national, regional @allaegulation, taking into account the
requirements established for Spain

4. Test vs. technological modules: To define the uihiégd must be tested and the tests per unit.

To define the product, the MeeFS system has beafysmd taking into account its different
components, the characteristics of these comporatshe definitions in the different standards.
After this analysis it was obtained that there standard that almost covers the entire systens Thi
standard is the ETAG 034 “Kits for external wakha@tling”. The conclusion after the analysis is that
ETAG 034 should be used as a base for verificatiothe performance of MeeFS System because
there is no other standards that cover bettenystes.
The tests according to product definition (ETAG B4dve been defined. The objective of this point
is to check the contribution made by MeeFS Systenthe fulfilment of the seven Essential
Requirements, as stated in the CPR for the coninuworks in which the product is installed.

» Basic Requirements for Construction Works (BWR):

o BWRL1: Mechanical resistance and stability
BWR2: Safety in case of fire
BWR3: Hygiene, health and the environment
BWRA4: Safety and accessibility in use
BWR5: Protection against noise
BWRG6: Energy economy and heat retention
BWR7: Sustainable use of natural resources
0 ETAG also considers “Aspects of durability and sszability”
* INITIAL ASSUMPTION: MeeFS System is a ventilatecddting
 ETAG 034 defines the test procedures to be applibdse tests are defined in deliverable
D7.7

The Spanish requirement and mandatory tests haae defined, the Objective of this point of the
document is to define those product characteriskias shall be determined according to national,
regional or local regulation. In Spain the refeeerdocument is calle€Codigo Técnico de la
Edificacion, CTE. The Spanish Technical Building Code (CTE) is thenmative framework that
establishes the safety and habitability requires@fitbuildings set out in the Building Act (Ley
Organica de la Edificacion, LOE). CTE is based lo@ toncept of performance or objectives, in
which objectives and the means of achieving thesnchearly stated, without implying an obligation
to use particular procedures or solutions.
According to all above, the test for the Technatagimodules have been performed and the final
results presented. In the next table shows therdift tests performed to the MeeFS system per
technological unit and the final results obtaingdHe system.

O 0O O0OO0OO0Oo
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Figure34: Tests results of the MeeFS system

As can be seen in the table all the samples olatainalid classification (green rows). The onlytuni
that had problems during testing was the BIPV (pholtaic unit). This technological unit didn’t
obtain the minimum classification under the firaaon test (for Spain is a B-S3-D2). Due to this,
the unit couldn’t be installed in the demo builditg the table there are also grey rows. These rows
were defined as not necessary for some of the testenple: the solar protection didn’t require the
water tightness test because it is an open unitiwhiways has a window on its back space (the
window is the element that provides the water tigks).

All this information is explained in detail in D7<Report with the verification of performance okth
system designed under European Standards”. The cmmiclusion of the task T7.11 is that the
system demonstrates the minimum characteristit® tmstalled in the demo building without legal
problems. Some of the units demonstrated very Wadihes in the different tests. These values can be
used in the future as commercial arguments talselbystem with better possibilities.

Facade System Guide of Design [WP8]

The Facade system guide of design has been dedelope framework of work package [WP8] in
order to provide guidance and reference to retimodjit designers, and users of buildings; it is
composed by three different entities: A Guide ofsige, which establish the most adequate
bioclimatic approaches for each climatic zone aadswlered building; the ERES software tool,
which is a decision support Tool for designers ttetivers the most adequate refurbishment
configuration based on technical and economic demations and; a Guide of Maintenance, to
ensure the performance of the refurbished buildithgsng the service life of the refurbishment
system, as well as its required maintenance.

The Guide of Design introduces the building desigoghe proposed refurbishment modular system
as well as its energetic performance. This guideer constructive capabilities, thermal and
energetic considerations, regulatory restrictiam$ the most suitable facade configuration of aofet
standard cases. The guide of design is a suppddoidor the MeeFS Facade designers: architects,
structural & MEP engineers. It allows for optimalganising of construction process and the
selection of the most appropriate Technologicalté¥JriThe guide document is a multi-disciplinary



explanation of the MeeFS Design process: the mopbitant theoretical basis of MeeFS Facade
System.

The ERES software tool comes right after the degigide: it can recognise characteristic facade
elements thanks to its interoperability with thpdrty BIM software, and analyse the building

surroundings. According to the climatic zone andh® intentions of the user, it provides optimal

combinations of the MeeFS Technological Units, mgvias a result the expected energy and
economic savings, the estimated payback period,aafatecast of the investment needed for the
whole retrofitting.

Preliminary Information previous to system calculation

Welcome to ERES, the tool for application of the MeeFS e
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Figure 35. ERES is free to use an’d: bublic availalthe URLhttp://simulator.meefs-retrofitting.eu/

Additionally, the Guide of Maintenance for the fdeasystem takes advantage of two main
databases: the knowledge of the construction psoaed the correct maintenance practices regime.
The document is a summary of experience gatheredgithe construction of the Demonstration
Facade, and an overall set of rules for good miaamee practices in building management. It was
also enriched with some proprietary information wbadvanced maintenance techniques required
during handling of breakthrough technology protetypThere is also a detailed section of the
document covering legal actions and public hiringcpss that precede actual site works.

The guide provides a support to future MeeFS Systisers & customers: designers, building
managers and owners. It is also the most compreteessurce of MeeFS data for execution teams.

Demonstration of MeeFS Facade System [WP9]

The main goal achieved during the whole projedhanframe of the demonstration activities [WP9]
was the full scale MeeFS prototype installatiorthie Pilot Building in Mérida (Spain). The final
demonstration is a result of the process compogatifterent phases of the installation process, the
most crucial ones being the technical design doowstien preparation process, assembly activities
in the workshop, and the real demonstration on-site



The first steps were to carry out of a set of ahisitudies, in order to provide the best possitadiag
conditions in the demo site. Thus, a demo premaratianagement plan was developed, focused on
the successful performance of the demo “Pilot Bngtl both in a technical but also social context.
The insight to the social environment of the PBailding provided the first tips on how to address
the demonstration in a real scenario. Having ctlganformation from the social workers staff from
Junta de Extremadura, the decision to change franinitially selected demo building was taken,
due to the possible social problems indicated whiohld be difficult to solve in the limited project
execution time. The communication strategies wefendd and the first contacts with the residents
were established. Informative printed documentatias provided disseminating the retrofitting
plans in the form of documentation (posters, flggrd mailing campaign), phone campaigns,
meetings and door-to-door visits. Additionally, uéay contact with the residents was necessary, to
keep them informed about the Project. Studies efdbnsumption habits of the residents (billing
information, surveys) were also conducted. In thietext of the basic design and particular technical
conditions to be considered, the information wasmited about the Pilot Building construction,
installations and constructive details. Initial “Asiilt” documentation was obtained and analysed.
Accurate drawings of the three facades affectedeved@borated from a topographic survey and
readjusted with the on-site Laser Scan 3D (poitdsid). Finally, the technical inspection was
carried out, and the corresponding report of theeo state described the construction pathologies
detected outside and inside the apartments. The &antified for the installation of the new fagad
elements were also initially tested, to definertteximum loads allowed.

Figure 36. Pilot Building considero retrof'm@ Figure 37. MeeFS Partners visiting the Pilot
with MeeFS facade Building, Mérida 2012 (Spain

Using the initial information gathered the modedliof the Pilot Building with Energy Software Tool
was performed under the conditions extracted frdintha information collected and results were
presented. The energetic simulations were made Dasign Builder (energy software tool). The
modelling and the simulations of the Pilot Buildingere elaborated for both cases, the base case
(Pilot Building at the initial state) and the MeeE&se (first draft of the Pilot Building retrofitg

with MeeFS Facade System). This way, a compari$dheoresults before and after the retrofitting
was obtained.

These results showed the great energy saving tmdtehMeeFS retrofitting solution in the building
stock constructed before 2000.

On the basis of the ongoing progress of the Arctutal and Structural Design and the Energetic
concept of the system, the draft of the Facadee8ysTonstruction Project for the Pilot Building
retrofitting and its economic analysis was elalbeatat

The demo design was issued in the form of the BwgldPermit and Execution Project Design. The
complete set of the drawings and descriptions wlefizered, following the established strategy for



their performance in the Spanish legal frameworke Jprocess on adaptation of the technical
documentation to the Spanish regulations requinediivolvement of the local team of architects
(GREENSTD) that worked in close collaboration withe partners directly involved in
demonstration. The technical design documents (i@t Projects) were produced for the
installation of the MeeFS System in the externastE&outh and West Facades, but also the
installation of the traditional ETICS System on tteurtyard facade to avoid the envelope thermal
bridge effect and to allow the correct monitoringtbe MeeFS facade system in the dwellings
affected.

Based on the Spanish technical documents (Exeutfects), and in collaboration with the City
Council, the Building Permit was obtained and thesie activities started.

The assembly activities and storing of the consimnanaterials have been taken at the workshop of
the local company_ (EXTREPERSIANAS S.L). The MeeB&€afle structural panels, and integrated
technological modules, were successfully assemfad#owing the “Assembly Guides” prepared.
Two training sessions were arranged on-site in déérin a manner that the partners involved taught
the local operators the procedures and detailsaoh estep of assembling the components of the
system. The control of the materials was ensureth&éygorresponding register of delivery notes and
shipping sheet, as well as the registration ofraterials before exiting the workshop. In order to
ensure the quality control of all activities of aswly, a control inspection sheet was filled foclea
multifunctional panel assembled.

wo |
al Units

The on-site activities started with the installatiof the ETICSSystem on the Patio FacadeThis
task was developed under the Construction Contsagbhed with the specialised company
IMBATIVEL E NOTAVEL, and it was finished in Februp2016.

Having obtained the building licence, the publiadering was launched in order to the hiring
process of the construction company (COEDYPRO)lolahg Spanish regulations, and after the
certificate of commencement of work was signed aiesite work started in September promoted by
the owner of the building Consejeria de Salud ytieak Sociales (Junta de Extremadura) and parties
involved COEDYPRO, Empresa Constructora S.L. addbyi GREENSTD as architects and
engineers team in charge on Project and Site Managieand ELABOREX in charge of the Quality
Control inspection. All these companies have adtethe Project subcontracted by Consejeria de



Salud y Politicas Sociales (Junta de ExtremadE)owing the calendar approved, the construction
duration was 12 weeks, and completed in DecembBs.20

e ‘
Figure 42. Traction tests performed and concretisgith tests.



The preparation of an appropriate plan for the mooimg system, allowing monitoring of the
building’'s energetic and comfort living related ddions for a certain period before and after
installation of the MeeFS intelligent facade, washallenging, lengthy and absorbing process. There
were several reasons for this fact, like: the d/e@mplexity of the system (e.g. a vast amount of
various types of signals/sensors), the batteryaipdrdata acquisition system (greatly limiting the
acquisition hardware capabilities), many changesinitial TU’s distribution pattern in the
monitoring system plan development phase (imphcatnany changes of the monitoring system
design). However, eventually a well-suited desigrth@ monitoring system has been developed,
strictly addressing the specific Demo building mtoring needs. To see the system complexity, the
following diagram may be presented, demonstrativey tbpology of the interconnections, sensors
and acquisition nodes used in the system.

Muonitoring systerm topolagy (global) [, ‘

2
x

Figure 44. Topology of the MEEFS intelligent fa(;zmmni_toring syste'm

The physical implementation of the system has bewstly based on commercially available

hardware equipment, like sensors and acquisitiodutles. However, some of this equipment had to
be adapted in order to comply with the electronnd anechanical standards used within the
monitoring system structure. Adaptation has beehiesed by making additional pieces of

customised PCBs and by providing the modified meitia enclosures. The monitoring system, up
to the moment of writing this document, has prodidearly 3 years of observation data.

The initial comparisons between the data before aftet the retrofitting, even from such a short
available period, show the sensible improvementsharmal resistivity of facade and internal
comfort level. The energy certification of the divels was made with the Spanish well recognised
software tool CEX. The modelling and simulation obtained betweeitding cases before and after
the renovation led to an increase in the buildingrgy certification notes. The energy certification
obtained must be considered as an approximati@ialthe tool design limits, at least until theafin
monitoring results relocation and treatment. Urtlese initial simulation conditions, and in order t
have an idea of the impact of the whole performanibe average data from each block was
calculated. For the Energy Demand (saving arouid)Xd Primary Energy Consumptions (saving
around 36%), the improvements were so significaimge the MeeFS case was tuned to a better
mark. For the CO2 Emissions, even that the markndicchange, the savings obtained were relevant,
around 35%.



Figure 44. Pilot Building before and after the refitting with MeeFS System, on the left corner the
final certification performed in comparison to the

In the context of a social housing neighbourhobe, communication with the residents has been
permanent since the beginning of the Project. Tioeess of the demonstration was only possible in
the context of good connection with the dwellersvafeness raising activities were carried out,

informing the residents about the Project, and lwving them actively into the approach of energy

efficiency renovation. The project faced differenbblems, related to the social issues and thagubl

nature of the demonstration, being still on-going part on recollecting of the monitoring data unde

the agreement made between the partners involved.

Exploitation & Dissemination [WP10]

The MeeFS project partners were actively involvedinumber of Dissemination & Exploitation
activities throughout the project, that are deegbscribed in continuation of the document.
Communication material (flyer, posters, roll-up bar) has been regularly used by all partners and
was distributed to stakeholders whenever posdihsemination material can be easily downloaded
from the Project Websitevww.meefsretrofitting.euThe website has been regularly updated and
promoted by all partners. In addition, six sciaatifrticles and ten journalistic articles were
published. Consortium members have also been iadoiv networking activities, jointly attending
over 100 events/dissemination activities.

Beyond the global facade system, the MeeFS consottias generated a whole set of results, some
of them with a high potential for exploitation Thgploitation strategy of each result was built with
the consortium during five yearly exploitation wehlops, and through bilateral exchanges. In the
case of results with multiple ownership, “expldibatleaders” were designated. An Exploitation Plan
for each key result was prepared and delivefBdo events, targeting different stakeholder
communities, were also organised.




The potential impact and the main dissemination actities and exploitation of
results

Only 1 to 2% of the building stock is replaced aatyuin the EU (less than 1% in some countiges)
Hence most of the energy savings required to meet2050 goals must come from existing
buildings. According to IMPRO-building study, aboid0% of the total building stock was
constructed after 1945 and a majority of thesedingls were constructed without consideration for
energy efficiency criteria.

The targets to reach greater energy efficiencyesielential buildings, which represent about 75% of
the total building stock and 63% of final energynsomption in the building sector. The current
retrofitting practices for residential buildingssgoa variety of challenges to the constructionasect
leaving considerable room for future performancprionement. Furthermore, today’'s measured rate
of refurbishment (1.2%) is much lower than whahésessary to remain in line with Europe’s 2050
ambitions. There is a need to accelerate the magptake and large-scale implementation of energy
efficient refurbishment solutions and increaserdrevation level to 2-3% per year until 2030. This
ambition is reflected in several European regutetiand roadmaps, such as the Energy Performance
of Building Directive, the Energy Efficiency Direeg, the SET-Plan (Action 5) and the recent
Energy Union Winter Package.

The building envelope (roof, facade and basemanisjt be addressed as a priority in order to
achieve proper levels of energy efficiency comingnt the retrofitting of buildings. The facade
represents the largest part of the heat transmissioface and includes a number of critical
components (like windows, balconies, ventilationitsn etc.), while facing thermal bridge
phenomena. However, most solutions available inntlaeket only offer thermal insulation, have
poor aesthetics and are rather uniform in termappiicability to different typologies of buildings
and to different facade orientations. Climate amergy needs are also not properly considered.

This calls for the development of an energy effitismtegrated and modular system that can be
easily and quickly fitted to the facade of any desitial building in Europe: this is the challenge
addressed by MeeFS retrofitting, which has develppealuated and demonstrated an innovative
and integrated energy efficient multifunctional dde system (decreasing the energy demand by
more than 30%), modular and adaptable, geared tlsvwae residential building sector.

The potential socio-economic impact includes thi@¥ang points:

- The market uptake and roll-out of solutions suchthees MeeFS system will contribute to
reaching the 2020 and 2050 EU targets (i.e. byedsing CO2 emissions and energy
consumption of the residential building stock)

- The future commercialisation of MeeFS would alseate specialised jobs, in particular for
the pre-fabrication of the components and theirgagembly.

- Additionally, the wide-scale deployment of pre-fghted solutions such as MeeFS will
contribute to reaching the expected performancenwbirbishing buildings. The European
building sector is indeed highly fragmented (withep 95% of SMEs) and not yet able to
offer holistic solutions for deep renovation at g@able cost and quality. Renovation
processes are seen as costly, time-expensiveptiigrand risky by the consumers, and the
measured performance is often below the expected. dntegrated pre-fabricated
refurbishment solutions, which reduce the risk obipinstallation and construction (and

8 according to the EPBD recast directive



associated cumulative commissioning gaps) addhesstallenge and also pave the way to
the deployment of energy performance based costrattich are seen as one of the potential
future business models which will allow consumerd the market to invest with confidence.

Main dissemination activities

To raise awareness on the innovative solutionsldped within the MeeFS project and facilitate
their introduction onto the market, project parthdrave participated in a wide number of
dissemination activities. Early on in the projepigphical material has been produced for the MeeFS
project to ensure consistency and efficiency in mamication activities. As part of this material, a
visual and written identity has been developed tfee project together with key messages on
technology, energy and economic impact. In addjteoproject leaflet has been created and updated
to include the main project achievements. A poster a roll-up banner have also been produced and
used to promote the project at events, fairs anfecences.

This graphical material has been presented in a@lédtAwareness and Dissemination Plan aiming
to define the key messages, target audiences amddisgemination channels for the project. This
Awareness and Dissemination Plan was used as guedel all communication activities related to
the MeeFS project and has been updated on a ybadis. Each of the subsequent versions
summarised the dissemination activities alreadyiezhrout by project partners and presented an
updated list of stakeholders that should be tadgeti¢hin the project and the concrete plans and
dissemination opportunities of the year ahead.

The first list of target audiences established rappsal stage has thus been enriched by partners
throughout the whole project. The stakeholders mead in the following list have been identified
as target audiences. This list gives examplese$fecific stakeholders that have been targetdd wit
dissemination activities, but it is nevertheless exdhaustive as project partners have been in conta
with a wide range of audiences.

» European Technology Platforms such as Europeantf@etisn Technology Platform (ECTP)
and other related platforms such as the PV platfdRAIC (RES for Heating and Cooling),
SUSCHEM.

* Local Authorities & National/Regional Public Bodi¢ske Municipalities) are key players as
policy makers, favourable legislative framework atren, public procurements, owners and
promoters of their own buildings.

* Architects’ Associations like ACE (Architects Coulnof Europe) need to be provided with
appropriate tools for retrofitting.

e Building industry providers and installers througtational, European and international
associations related with the technologies develapé¢he project like EPIA (European Photovoltaic
Industrial Association), ESTIF (European Solar Texbgy Industrial Federation).

« Construction companies’ associations should be ewérthe new technologies that will be
developed like ENCORD, FIEC and more.

« National and regional Energy Agencies.

* Public Promoters like CECODHAS (European FederatdnSocial Housing) and Private
Promoters (European Real State Association) caar dff their clients the advantage of the
developed systems.

» Clients and users are key actors providing theaisgetives in the formulation and assessment of
the project results.

* Related research community and citizens.



« Standardisation and Certification bodies

 The European Commission, European Network of Nati@ontact Points (NCPs) for NMP
theme.

* Innovation Relay Centres (IRCs) network and othewroBean market places, by offering
technology transfer possibilities regarding Mee€4&ults for industries but specifically for SMEs.

* ICT based stakeholders: Analysis and Design tomligers.

» Designers, Engineers and consultants

These target audiences were addressed throughediffeommunication channels, defined at the
beginning of the project. The dissemination chasmmedre selected to reach out to a wide variety of
audiences and comprised:

* A dedicated website presenting the objectives, parérs and the activities of the project.

The website has been online since M3 and has bpdated with 49 stories on activities and
developments within the project. A series of tetickas and interviews written by professional
journalists has also been published on the preyebssite and hosted on thevw.youris.com website,
the youris.com media centre as well as on Linkeudhieh on partners’ websites.

Since its launch, the MeeFS website had 23,828&yispresenting over 5,000 unique visitors. Web
traffic particularly picked up in the final year tiie project, thanks to communications efforts as
results became available. As shown in the map helbev project website attracted visitors from
around the globe. The darker the shade of bluentive unique visitors from each country:
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Figure 45: Geographical spread of website

e Social media presence.

The MeeFs project had a social media presenceghout the entire duration of the project. Twitter
and LinkedIn have been selected as main social aneldannels to communicate about MeeFS
innovative solutions. To reach a wider audiencesodium partners used their Twitter accounts to
disseminate the information, jointly tweeting abMeeFs over 60 times.

* Publications in scientific literature and dedicatedjournals and reviews.



Publications in at least 4 ‘high impact’ peer-revesl

international journals were planned in the firstsien of the
Awareness and Dissemination plan to make the addal
results available to the scientific community. Thasget has
been successfully achieved with 6 papers publisired
international academic journals. MeeFS partnerslighdd

peer-reviewed articles in international journalsrsiwas the
Journal of Sustainable Cities and Society, JouohdEnergy

Journal of Renewable Energy, Journal of FacadegDesnd

Engineering or Fire Safety Journal.

Articles were also submitted to conferences fois@ngation,
including large, international industry conferencasch as
Congress on Architectural Envelopes, CISBAT Confeee
and the Conference on Advanced Building Skins, am:
others.

In addition, partners have produced a number ofsudentific
articles about the project. Together, project pagnhave
published a total of 44 papers/articles.

* Presentations and participation at congresses, woskops, symposia conferences, exhibition
fairs.

Throughout the project, partners have presented MeeFS project in over 10 international
conferences or congresses such as the CISBAT emuer REHABEND or GENERA as well as
during the EU Sustainable Energy Week and the W8dstainable Energy Days. Additionally, the
project was represented in five trade fairs, inclgdBATIMAT and SOLAREXPO.

At the end of the project, the MeeFS retrofittingtem was showcased as an example of cutting-
edge innovation during the 7th European Constracliechnology Platform (ECTP) conference on
17-18 November 2017, attended by over 100 peoplBrussels, Belgium. The MeeFS envelope
system was presented by Magdalena Rozanska fromemecduring the conference session on ‘New
technical solutions to accelerate the renovatiokwfpe's building stock'. In addition, MeeFS had
its own exhibition stand, manned by Greenovate!ogey enabling face-to-face interaction with
conference attendees from across the constructtrsiry. The conference was an ideal opportunity
to explain the advantages and future potentiahefNleeFS facade and discuss the possibilities for
commercialisation or further development with aevgtoup of stakeholders.

In total, project partners took part in over 10@m®g to disseminate information about the MeeFS
project. Through these events, a wide range ofesueeis covering building industry representatives,
researchers, entrepreneurs, students, investonsading-makers were reached.

* Project events

To reach the dissemination objectives of MeeFs,dtakeholder workshops were organised with the
aim to involve professional stakeholders to enhahee& awareness about the project and the novel
technologies which are being developed as a paitt spread best practices, and foster networking
opportunities.



The first MeeFS stakeholder workshop, entitled “fatericated facades — niche forever or mass
market soon?” took place 2 November 2015 in Viemhastria. The workshop, hosted by the
University of Natural Resources and Life Sciend@SKU) of Vienna, and organised in partnership
with the EU-GUGLE project, brought together profesal stakeholders from the construction and
energy sectors to discuss the actual deploymentaprecated facades based on the experiences of
the two projects. The event allowed for exchangei@ivs on the proposed innovative technologies,
and facilitated networking opportunities and symesgwith potential early adopters and users
throughout Europe.

The second stakeholder workshop was combined viéh project's final mini-conference and
networking reception on 16 November 2016 in BrussBElgium. Nearly 30 stakeholders from the
construction and energy sectors as well as regslatesearchers and policy-makers attended the
event to learn about the technology developedpfestearned from the MeeFS project and discuss
how to bring multifunctional pre-fabricated facad#gsser to the market. The interactive format of
event allowed for an exchange of views on the psedoinnovative technologies, and facilitated
networking between the attendees.

* Networking activities

Different types of networking activities were cortkd, mainly focusing on establishing networks
with existing networks or projects. Active links rgeestablished with construction and energy
related European platforms such as ECTP, SmartBxdP, ESTP, E2BA and more.

Also, the EC supported FP7 project NEWBEE was agugited to create active links with them and
find areas of collaboration. Both NEWBEE and MeelR&@/e in common the development of

business models which will support the expansionhigh performance construction processes
resulting in sustainable buildings, both new antbvated. In addition, cooperation was established
with the EU-GUGLE project in the framework of thest stakeholder workshop.

* Audiovisual material.

GIE/iCons developed and released peoject vide
which introduced the project, its main objectives a
achievements, as well as energetic, environmeimizl
industrial features of the MeeFS technology.

The video production was coupled with a tailor
distribution methodology. It has been publishedtloa
project website, promoted on the partners’ webs
Greenovate! Europe Twitter accounts and Greenov
Europe YouTube Channel.

The joint efforts of WP10 Leader Greenovate! Eurg
and project partners helped the MeeFS project reaq
worldwide audience through the whole duration o t
project. Selected target audiences have thus
informed about the MeeFS system through differ
communication channels, opening the way for furthg}
exploitation of the project results.



Exploitation results

MeeFS Retrofitting has developed, evaluated andodstrated an innovative energy efficient

multifunctional fagcade system, modular and adaptadptared towards the retrofitting of residential
building, but also applicable to the non-residdrg&ctor and for new constructions.

Beyond the global fagcade system, MeeFS consortiasngenerated a whole set of results outlined
below. Some of them have a high potential for exaiion:

Results Co-owners  Exploitation potential ‘
The whole retrofitting process using MeeFS techgiel® All partners KEY RESULT 1
cited below
A structural frame made of a thermoplastic compgosit CQFD, AST, KEY RESULT 2
material Acciona
A new industrialised pultrusion process for coseetive CQFD KEY RESULT 3
manufacturing of the structural components
An Advanced Passive Solar Protector and Energy Acciona KEY RESULT 4
Absorption Unit
An Advanced Passive Solar Collector and Ventilation Tecnalia KEY RESULT 5
Unit
A structural module, compatible with the structidrame  Acciona, included in RESULT 1
AST
ERES (software for design strategies), including: Antworks, Included in RESULT 1

- The selection method to choose the optimal laybutTBC,
Technological Units depending on the building Technion,

location and orientation NTUA,
- Payback calculation Fraunhofer
IMET (Installation Material Estimation Tool) AST, VTT Included in RESULT 1
and Acciona

Building Energy Management System, including Cdntr&KA Polska = Included in RESULT 1
and monitoring system for the active technologies

Web based remote monitoring tool, displaying theada VTT Included in RESULT 1
from the BEMS

The interdependencies between these results aerneel below.



MeeFS solution
(result1)

Energy
management

system

Multifunctional
panel

Control and
Insulation monitoring
system (result 6)
TBC, Technion, NTUA Rizakos SKA Polska

Composite panel Technological

i clection method . .
(result 2) module

Advanced Passive Web based

Solar Protectorand remote

Energy Absorption monitoring tool
Unit (result4)

payback
calculation

ol Pultruded profiles

TBC, Fraunhofer
Acciona
Fastening and .
IMET anchoring system Aduarjced Passive
Solar Collectorand
AST, VTT, Acciona Acciona, "u"en.tll;atn:rn !Jnlt
AST (result5)

Tecnalia

OtherTechnological
Units

Rizakos, Vipiemme, Acciona

Structural module

Acciona, AST

At the beginning of MeeFS, most of these resulteeveg TRLS 2 (technology concept formulated),
except for result 5 (TRL 3 — experimental proofamincept) and result 3 (MRh 3 — proof of
concept validation). Thanks to the project andulisscale demonstration, most of the results redch
a TRL 7/ MRL 8, as illustrated below.

° Technology Readiness Level
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Figure 46 : TRL and MRL at the beginning and atehd of the project

Lessons learnt from the project and the demonstration

The demonstration on a residential building in MariSpain, has been very ambitious from the early
beginning. It was a unique opportunity to test toastruction processes developed in MeeFS, to
measure the real-life performance of the variouspmnents of the multifunctional facade, and to
capture important lessons learnt. It was also angtrconstraint for the R&D phase, since the
prototypes development had to quickly reach a TRwith little time for iterations: this meant that
risks related to R&D had to be carefully addressed minimised, but which limited the potential for
design optimisation.

The main lessons learnt are summarised in thewaollptable:

MeeFS objectives Potential for
improvement
A multifunctional Because of the pre-defined  Flexible design, Make the system mo
facade system with a dimensions of the modules andadaptability to various flexible in terms o
multi-module panel, the system is in practice climate condition and dimensions
technology and difficult to replicate in all EU  facade orientation
standard modules buildings, as each building has thanks to the different
dimensions its specific dimensions. available modules
Integration of The costs required to test the The composite panel Optimise the design of tt
innovative solutions, system and obtain a Technical and innovative structural  profiles an
including lightweight Agreement (compulsory for thetechnologies module boxes to make tl
materials demo) are very high. New testssuccessfully passed themost of the lightweigh
(composites) may have to be carried out to tests and insulating propertie
demonstrate or commercialise|in of the composites.
other EU countries
Manufacturing with  The sourcing of some of the  Successful Industrialise the
easy industrialisation ' innovative materials (i.e. PCM) manufacturing of manufacturing process for

is challenging. composites via pre- | the composites panels.



Prototype costs are very high industrial production  Develop key partnerships

since involving a lot of manual line. to secure the
operations (e.qg. drilling, manufacturing of the other
painting, coating) units.

Off-site assembly The assembly requires for the Easy assembly of the Optimise the design of the
time being additional manual panels thanks to the  structural profiles and

operations (e.g. screwing) clear guidelines. module boxes to facilitate
The site for the assembly and the assembly

storage of the different Secured transportation

components had to be carefullywith the dedicated

selected (e.g. to reduce lifting beam.

transportation costs).
Fast installation with | Difficulties to find a contractor Very easy to install on Develop key partnership
reduced on-site workswilling to take the risk to install site with interested
an innovative solution. construction companies
and provide training to
reach the required skills

Synthesis of exploitation plansfor project results

The exploitation strategy for each result was hwith the consortium during five yearly exploitatio
workshops and through bilateral exchanges. In thse cof results with multiple ownership,
“exploitation leaders” were designated.

A major challenge has to be overcome by the pastteeexploit the MeeFS system: manufacturing.
Apart from the manufacturing by CQFD of the pulteddorofiles for the composite panel, no partner
has the in-house capacity to manufacture the otieehnologies. Key partnerships with
manufacturers therefore have to be developed. dlsis means that the industrialisation process
(investment required, planning, time to reach fsates, break even, etc.) is not under the sole
responsibility of the consortium. Preliminary Busss Plans were nevertheless proposed. Although
confidential, the main conclusions are presentdéombe

Exploitation Co-owners  Exploitation Further research or
leader route investment required
The whole retrofitting ACCIONA AST Trademark » Optimisation of design
process using MeeFS CQFD licensing to maximise the benefits
technologies TECNALIA of composites
Antworks Industrialisation to
Technion reduce costs
NTUA  Certification /
Fraunhofer standardisation
VTT
SKA Polska
A structural frame made of AST CQFD Commercialisatione Optimisation of design
a thermoplastic composite ACCIONA by CQFD with to maximise the benefits
material Acciona and AST  of composites
» Development of new
coating
 Certification
A new industrialised CQFD / Direct use by * Development of an
pultrusion process for cost- CQFD industrial production

effective manufacturing of line to reduce productic



the structural components cost

An Advanced Passive SolarACCIONA |/ To be determined « Optimisation of design
Protector and Energy when the and sourcing of PCM to
Absorption Unit manufacturing reduce cost

potential is

secured
An Advanced Passive SolarTECNALIA |/ Licensing by
Collector and Ventilation Tecnalia (under
Unit patent EP2520870

Al)

The bigger picture: innovative business models for deep energy efficient retrofitting

Being technologically innovative is not enough,amative business models need to be developed.
New business models and financial mechanisms lwale put in place to make building retrofitting
processes more and more affordable. This appliparincular to the retrofitting of facades for whic
the upfront investment is high.

Business models that cover the whole value cham &thieve the targeted refurbishment
performances) were reviewed. In particular, theptateon of the ESCO approach to the residential
sector was investigated as a potential route tonvertialise the MeeFS system.

These business models and the potential for therfuexploitation of the MeeFS system were
presented and discussed during two stakeholdersivods organised in Vienna, 2015, and Brussels,
2016. These events allowed an exchange of viewtherproposed innovative technologies, and
provided networking opportunities and synergiedhwpibtential early adopters and users throughout
Europe.

The address of the project public website and conta details

www.meefs-retrofitting.eu

All project contacts, its logo, diagrams, repomsl photographs on progress, as well as the official
project video may be found directly at the web pagécated above.



4.2 Use and dissemination of foreground

All the contents related to the Section A and $ecB may be found at the Participant Portal in
sections related Dissemination and Exploitatiordiuision on:

A. Dissemination measures, including scientific pudlmns relating to the foreground.
B. Exploitable foreground and plans for exploitation.

In addition to part B1, No patents, trademarksegistered designs were applied for. Tecnalia holds
a patent for the Advanced Passive Solar Collectdr\éentilation Unit (European patent EP2520870
Al).

In addition to part B2, the table related to thpleitable foregrounds has been attached, see below.



Part B2

Description i i . .
Type .Of of eproFi)tabIe C%nlif::?(e:rt:al Z:li::;: Exploitable Sector(s) of T|metable_, ::;alieggl(c)):tg:ir;r Owner & Other
Exploitable foreground YES/NO dat product(s) or application 2 |commercial or l Beneficiary(s) involved
Foreground 1 ate measure(s) PP any other use (licences) y
dd/mmlyyyy
Ex: New
superconductiv MRI equipment |1. Medical 2008 A materials Beneficiary X (owner)
e Nb-Ti alloy 2. Industrial 2010 patent is planned |Beneficiary Y, Beneficiary
inspection for 2006 Z, Poss. licensing to
equipment manuf. ABC
Commercial  |An energy no MeeFS 1. building To be defined none today Acciona, CQFD, AST,
exploitation of |efficient multifunctionnal |retrofitting still, the common Tecnalia, Antworks,
R&D results integrated facade (residential and |agreement is Technion, NTUA,
system (and non residential), |needed, the Fraunhofer, SKA Polska,
associated 2. new business plans VTT
constructive constructions definition on-
processes) going
Commercial  |Structural panel|no Structural panel |1. building 2019 A patent must be[CQFD, AST, Acciona
exploitation of |made of made of retrofitting applied once the
R&D results  |thermoplastic thermoplastic (residential and design is
composites composites non residential), optimised and
2. new 2021 the material
constructions aging tested and
certified
Commercial |A new no new pultrusion |[1. Construction |To be defined secrecy CQFD
exploitation of |pultrusion process sector, still, the business
R&D results process for 2. automotive plans definition
cost-effective industry, on-going
manufacturing 3. infrastructures
of the
structural
components

19 A drop down list allows choosing the type of formgnd: General advancement of knowledge, Commeesialoitation of R&D results, Exploitation of R&D salts via standards,
exploitation of results through EU policies, expation of results through (social) innovation.
12 A drop down list allows choosing the type secddACE nomenclature) http://ec.europa.eu/competition/mergers/cases/inaee_all.html




Description i i . .
Type .Of of eproFi)tabIe C%nlif::?(e:rt:al z:gz(:;: Exploitable Sector(s) of Tlmetable_, r;’aliegiilcc))ztg:ir;r Owner & Other
Exploitable foreground YESINO product(s) or |\ lication 12 [commercial or Beneficiary(s) involved
Foreground 1 measure(s) PP any other use (licences) y
dd/mmlyyyy
Commercial [Advanced Solar [no Advanced Solar [1. building To be defined none today Acciona
exploitation of |Protection & Protection & retrofitting still, the business
R&D results Energy Energy (residential and [plans definition
Absorption Absorption non residential), |on-going
Technological Technological 2. new
Unit Unit constructions
Commercial [Advanced no Advanced 1. building To be defined European patent |Tecnalia
exploitation of |Passive Solar Passive Solar retrofitting still, the business |EP2520870 Al
R&D results Collector and Collector and (residential and [plans definition
Ventilation Unit Ventilation Unit |non residential), |on-going
2. new
constructions

The following table (to be treated as confidentabvides more details about the exploitable favagd, in particular:
. Its purpose

. How the foreground might be exploited, when anavbpm

. IPR exploitable measures taken or intended

. Further research necessary, if any

. Potential/ expected impact (quantify where pos3ibl

IPR
measures

Further research or
investment necessary

Purpose Expected Exploitation of

foreground (who, how)

Exploitation plan 2017-
2018

impact

The whole An energy efficient integrated system (and Reduction of A ¢ Optimisation of Exploitation leader: * |dentify a manufacturer
retrofitting associated constructive processes) composed building trademark design to maximise |Acciona to adapt the

process using of a multifunctional panel with technological energy could be the benefits of demonstrated system to
MeeFS modules that allow integrating both active ~ demand by applied for ~ composites Trademark licensing, mass-production
technologies and passive technologies on fagades for 30% Industrialisation to  depending on constraints.

reduce costs demonstration success .

Certification /
standardisation

retrofitting purposes Includes Technological

Units developed in MeeFS, ERES online tool .
(to optimise modules combination) and

dedicated Building Energy Management

Search for technology
providers interested in
integrating MeeFS to



System. their product portfolio, to
reach European markets
¢ If manufacturing secured:
new demonstrator with
industrialised solution.

A structural Structural panel made of thermoplastic Contribution A design ¢ Optimisation of Exploitation leader: AST | Commercialisation as part
frame made of a composites. The panel has been designed to to patent design to maximise of CQFD portfolio of
thermoplastic  enable the use of pultruded profiles, i.e.: - decreasing could be the benefits of Commercialisation by products
composite dimensioning to ensure mechanical resistance building applied for  composites CQFD (commercial
material (to wind or to phenomena such as creep) energy * Development of conditions to be defined

taking into account the physical demand new coating with Acciona and AST,

characteristics of composites —“lean” design (insulating e Certification according to Consortium

to make sure the profiles can be properties) Agreement)

manufactured with a pultrusion process
A new A new industrialised pultrusion process for Secrecy e develop an Direct use by CQFD * Investment to develop an
industrialised cost-effective manufacturing of the structural industrial industrial production line
pultrusion components. The main innovation with production line to ¢ Reinforce the current
process for cost- regard to the process lies in the adaptation of reduce production activities and expand
effective the pultrusion process from thermoset cost client portfolio

manufacturing  matrices to thermoplastic matrices, and from
of the structural thermoplastics prepregs to a process that

components starts from the monomer (reactive

pultrusion).
An Advanced The Advanced Solar Protection & Energy Contribution A patent | Optimisation of To be determined when ¢ To be determined when
Passive Solar Absorption Technological Unit is a to could be design and sourcing the manufacturing the manufacturing
Protectorand  breakthrough technology whose main goal is |decreasing |applied for  of PCM to reduce |potential is secured by potential is secured
Energy to improve the annual energy performance of building cost Acciona

Absorption Unit the buildings, balancing heating and cooling |energy
requirements. The Advanced Solar Protection demand
& Energy Absorption Technological uses
horizontal rotating multifunctional slats that
capture several passive technologies to
perform different energetic strategies
depending on the changing climatic
conditions.
An Advanced The Advanced Passive Solar Collector & Contribution |[European ¢ Will depend on the |Licensing by Tecnalia * Ongoing search of



Passive Solar
Collector and
Ventilation Unit

Ventilation Technological Unit (APSC&V TU) to patent
uses a dual layer system, whose external layer decreasing EP2520870
is semi-transparent. A thermal storage wall is building Al

used as internal layer for thermal storage energy

both heating and cooling. Ventilation of the  demand
cavity is allowed by a series of lower and

upper opening gaps, equipped with

adjustable louvers. These louvers are

operated according to external climate

conditions.

results of the demo

commercial partners
(facade manufacturers)



4.3 Report on societal implications

All the contents related to the report on socigtgdlications may be found at the Participant
Portal in sections related to financial contribatio

5. FINAL REPORT ON THE DISTRIBUTION OF THE
EUROPEAN UNION FINANCIAL CONTRIBUTION

All the contents related to the report on the thstion of the European Union financial
contribution may be found at the Participant Poral sections related to financial
contribution.



