CLIMaEUILT

Functional and advanced insulating and energy harvesting
and storage materials across climate adaptive building envelopes



iclimabuilt’s goal is to create an open access ecosystem for developing,
upscaling and testing innovations in building envelope materials and
technical systems via its 9 Pilot Lines (PLs) to reach Nearly Zero Energy
Buildings (nZEB) balance.
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Project Overview

iclimabuilt will support the translation of research results into innovations
and will help small high-tech firms to scale up and cope with the continuous
rising of technological complexity by providing a Single-Entry-Point for
necessary infrastructures and tools to test, validate and upscale new
technological solutions.

iclimabuilt will do so with the aim to accelerate the development of
additional leading-edge technology by focusing on:

O Design and Assembly

O Materials Development :
of Technical Systems

Monitoring and
O Characterization Strategies
to Support Decision-Making

Dissemination and
Exploitation Activities

Q Refined and Expedited
Access to Financing Solutions

An open innovation test bed for building envelope materials
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Open call project: Assemblend

Description:

The Assemblend project
aims ’rq manufacture new Ee T eoncrats
sandwich panels for ther- Adhesive
mal insulation in building :
facades. These panels are
infended to be lightweight
and have good insulation
properties. The structure
consists of a geopolymer
core and two cellular con-
crete skins bonded by an adhesive. In the context of the Assemblend project,
ITA first performed a literature search to find information about products
already used for both the skins and the core. ITA also created a parametric
model to analyse panels with various dimensions and optimize the panel
design considering reference materials.

Geopolymer

_)\ Adhesive

Cellular concrete

Next steps:

The next phase will involve assessing the necessity of potential refinements or
additional tasks for the multiscale parametric simulations and advancing the
preparation of a scientific article to share the findings.




Building elements modelling, simulation and
analysis:TC7.2 FE simulation of hook and
TC7.3 FEA on joints for load bearing analysis

Description:

AS por’r of the numerical 1C7.2 : Influence of the printing angle. TC7.3: Joint performance
simulation support for the

additive manufacturing Rotation X

process, work has been St

carried out on two key Materiol

Orientation

applications. First, the
TC7.2 hook has been anal-
ysed in finite element (FE)
simulations, and the devel-
opment of the necessary
metamodels to assess the
influence of the printing
angle on its mechanical behaviour has been completed. On the other hand,
for the TC7.3 FE simulation of joints, the geometric models have been updat-
ed to incorporate a casing made of flexible material that houses the joint
components, and mechanical simulation has now started.

Rotalion 2

Next steps:

TC7.3. Based on the mechanical simulations, an assessment of the main
load-bearing capacity of these joint systems will be conducted. To achieve
this, metamodels capable of generating response surfaces and predicting
the mechanical behaviour of components will be created.




Building elements modelling, simulation and
analysis: TC4: Atomistic modelling of porous
silica aerogels using MD simulations

Description:

ITA completed the model- aeE
ling and characterization JaEs
of atomistic porous silica
aerogel models using
established protocols from
scientific literature. Silica
aerogels models of densi-
ties ranging from 0.1 to 0.8
g/cm3 were prepared
and subsequently equili-
brated under the 1990
Vashishta force field using
the LAMMPS simulation
code. The thermal con-
ductivity of the atomistic
models was characterized using the Muller-Plathe method, where good
agreement was found between the values found in the bibliography and the
results obtained from MD simulations.
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The results obtained from atomistic simulations have been transferred to the
ANSYS ICME process (ANSYS), which will allow to consider the influence of the
density on the thermal conductivity of the silica aerogels.




Building elements modelling, simulation and
analysis: TCé: FEM mechanical & thermal

analyses

Description:

During this period, ITA has fully characterised and validated FEM models of
the TCé panels to reproduce both mechanical (flexural and compression)
and thermal (stationary and dynamical) response observed on the corre-
sponding experimental tests. Once these models have been validated, a
simulation-based sensitivity analysis has been proposed in collaboration with
INEGI, where the influence of the XPS thickness on the mechanical and ther-
mal response has been analysed.

Mechanical and Thermal Analysis proposed by INEGI

Thermal simulation (whole TC6 panel)

Staticnary tharmal tests
Dynamical thermaltests
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Next steps:

Based on the simulation results obtained in this analysis,a metamodel (or
response surface) is infended to be developed, which will allow to relate and
obtain in real time the influence of the XPS thickness on the mechanical and

thermal responses.




Sustainability of the iclimabuilt
proposed solutions

To align with the European Green Deal's goal of achieving climate neutrality by
2050, the construction sector must significantly enhance the thermal manage-
ment of buildings. Multifunctional composite sandwich panels represent a prom-
ising solution in this context, offering improved thermal insulation and energy
efficiency. Recent developments in eco-friendly composite sandwich panels,
particularly those incorporating phase change materials (PCM) and silica aero-
gels (AG), have shown substantial potential in optimizing building
facades.Therefore, during iclimabuilt project, it was developed and validated a
new eco-friendly composite sandwich panel with enhanced multifunctionality
for lightweight and energy-efficient building facades. Two panels were pro-
duced by a vacuum infusion process: a baseline panel and one with PCM and
AG, for comparison purposes. The performance of these panels was evaluated
through a series of tests and simulations, including thermal and acoustic assess-
ments conducted at a laboratory scale, thermal simulations, and onsite thermal
performance monitoring in a living laboratory environment at Dresden. The
results indicated that the panel with PCM and AG not only exhibited lower peri-
odic thermal tfransmittance but also demonstrated an increased time shift,
which is crucial for managing heat flow and enhancing energy efficiency. The
sound reduction rating of 45 dB for panel with PCM and AG indicates its effec-
tive acoustic insulation capabilities, making it suitable for urban environments.
The development and validation of eco-friendly composite sandwich panels
with enhanced multifunctionality represents a significant step towards improving
thermal management in buildings.
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TC7 at Formnext 2024: Unlocking Scaled-Up
Production Opportunities.

BIOG3D's corporate visit to Formnext
2024 in Frankfurt, Germany (18-22
November 2024), was an exciting
opportunity to explore cutting-edge
advancements in Additive Manufac-
turing (AM), while disseminating the
iclimabuilt 3D-printed developments.
Engaging with leading manufactur-
ers of Liquid Deposition Modelling
(LDM) systems allowed to assess fur-
ther potentials for scaled-up produc-
tion of customisable 3D-printed com-
ponents, particularly in innovative
architectural applications that en-
hance IndoorAirQuality (IAQ).
Additionally, connecting with materi-
al manufacturers provided valuable
insights info new material solutions
that could further optimise the
3D-printed components for market
uptake. The event fostered valuable
discussions and collaborations, A

STrengTheﬂiﬂg BlOG3D ’S Figure 1. Examining opportunities for scaled-up
commitment to infegroﬁng cuUt- production of TC7 with leading AM manufacturers.
ting-edge manufacturing with sus-
tainable building technologies, while
also disseminating the TC7 results so
far.




Demonstrating the Real-world Benefits

Applying Ansys solutions to optimize building materials via ICME isn’t just a
theoretical concept. This approach is being used right now by members of
iclimabuilt, an open innovation test bed for the global construction industry
focused on driving more energy-efficient building envelope designs. With 27
partners in 14 countries, iclimabuilt identifies innovative, advanced practices
for building design and construction, then encourages their widespread
adoption. Ansys solutions are at the heart of the consortium’s efforts to com-
putationally optimize construction materials via ICME for the desired perfor-
mance characteristics.
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Figure 1. Research funded by iclimabuilt has already identified a new building material configuration — including textile-reinforced
concrete, cellular lightweight concrete, and a silica aerogel — with a thermal conductivity that exceeds 0.03 W/(mK).
The new configuration was modeled and verified at every scale using Ansys solutions.




iclimabuilt Material Design Platform (IMDP)

Ansys has created the iclimabuilt Material Design Platform (IMDP), designed
specifically for the construction industry, that connects engineers with Ansys
solutions via a user-friendly application programming interface (API) that func-
tions as a web service platform. Users can execute their material and building
design simulations, manage data, and orchestrate workflows through a single
portal. They can access the models they've already created, run them, cus-
tomize parameters, and view results for a given materials composition and
specific building envelope design.

In this real-world example of how Ansys solutions can be applied to drive
ICME, innovative building facade materials (i.e., combining textile-reinforced
concrete and cellular lightweight concrete insulation) have been explored to
create affordable, mineral-based solutions with enhanced performance. To
enable this analysis, a multiscale ICME model was developed in collaboration
with iclimabuilt project partners Technological Institute of Aragon (ITA) and
Politecnico di Torino (PoliTO).

This modeling approach uses the Workbench platform and enables the virtual
construction and evaluation of composite configurations, including “sand-
wich" materials. The approach is flexible and can be extended upstream to
integrate atomistic-scale models developed with tools like the LAMMPS mo-
lecular dynamics simulator, if required. Similarly, downstream evaluation of the
proposed building's performance using materials from the multiscale model
can be conducted with solufions like Autodesk Revit.




iclimabuilt Material Design Platform (IMDP)

While this is just one example of how Ansys software can be applied to facili-
tate ICME, iclimabuilt’s modeling approach has proven successful because it
removes the most common obstacles for engineering tfeams that want to
adopt ICME, including disconnected interdisciplinary tools and processes,
complex data management challenges, and the need to bridge materials
science and building design.
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Figure 2. While the iclimabuilt Material Design Platform (IMDP) was specifically configured for the global construction industry,
it serves as an example of how ICME can be leveraged in an accessible, “one-stop” manner in other industries.




Building a Sirong Foundation for the Future

iclimabuilt’s use of a material design platform configured specifically for the
construction industry serves as an important proof point for the global engi-
neering industry. By partnering with iclimabuilt, Ansys has demonstrated that
ICME produces accurate performance predictions in a time- and cost-effec-
tive manner. The iclimabuilt platform also emphasizes the importance of
seamlessly linking multiple scales of analysis, multiple engineering functions,
and multiple technology solutions for greater accessibility and usability.

The global engineering community is just beginning to discover the significant
value that can be achieved by linking materials science with product devel-
opment via ICME. Ansys is committed to making ICME more widely adopted
by educating engineers about the benefits of orchestrated, multiscale materi-
als modeling, as well as providing them with an easy-to-use platform for auto-
mating workflows and managing data.

The automation of ICME workflows, coupled with a user-friendly no-code or
low-code interface, will democratize access to sophisticated materials model-
ing tools. This makes it possible for a broader range of nonexpert users to
engage with the technology and enable more companies to leverage the
benefits of materials customization. iclimabuilt members and other early
adopters of ICME are paving the way for greater innovation in materials sci-
ence, as well as across every engineering discipline, as the contribution of
materials is maximized.




iclimabuilt ecosystem

NTUA has been actively working to enhance iclimabuilt's digital presence.
The Single Entry Point (SEP) website has been updated with a dedicated
page showcasing Open Call projects, improving accessibility and visibility

for ongoing innovation within the iclimabuilt ecosystem.

Meanwhile, a collaborative effort among all partners is underway to update
the iclimabuilt service portfolio, ensuring it reflects the latest advancements
and expanded capabilities. These efforts will soon lead to a revised version of
the iclimabuilt Service Cards, providing a more comprehensive overview of
the services available through the SEP website.
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Open Call Scope

The purpose of the Open Call is to attract and engage Small and Medium Enterprises (SMEs), small consortia, and R&D organizations from EU and associated non-EL
countries that operate in the field of materials for building envelopes and are developing innovative concepts, including new materials, components, and technologies.

As a key instrument of the iclimabuilt Test Bed, the Open Call contributes to defining the service portfelio and shaping the business plan and pricing model of the iclimabuilt
ecosystem. |1 plays a vital role in validating the project’s established service offerings while also expanding awareness and visibility of the ecosystem. Additionally, it allows

Figure 1. Upgrade of SEP Website




Exciting Research from iclimabuilt Project

Aleksandar Jankovi¢ and the team released their latest publication
on advanced monitoring strategies for building envelopes.

This work brings us one step closer to smarter, more energy-efficient
construction solutions.

Read the full paper: https://Inkd.in/dfQdf7Md

lournal of Building Engineering 102 (2025) 111931

Contents lists available at ScienceDirect
Journal of Building Engineering

ELSEVIER journal homepage: www_elsevier.comilocata/jobe

Optimization through classical design of experiments (DOE): An
investigation on the performance of different factorial designs for
multi-objective optimization of complex systems

Aleksandar Jankovi¢ ', Gaurav Chaudhary ", Francesco Goia

® Department of Architecture and Techrology, Norwegien Undversity of Scence and Technolegy, NTNL, Nonway
" Deparsment of Energy onif Process Engineering, Morwegion University of Scisnce ond Technalogy, NTNL, Morway

ARTICLE INFO ABSTRACT

Keywmrds: This study alms to expand the understanding and practical applications of classical Design of
Design of experiments (DOE) Experiments (DOE) techniques by exploring their potential, using polynomial response surface
Miv-oreetie apinieon modeling, to optimize complex systems and tackle multi-ohjective optimization problems. Such
2:““’(""" ﬁ':f"dzd ) [ss1es Are coMMON ACross many engineering branches, and various building engineering problems
T;;T;ic::;mle i i can bhenefit from a better understanding and application of these technigues; Through a
Categarical factar simulation-based study involving over 350000 simulations in EnergyPlus; the study systemati-
cally evaluates more than 150 different factorizl designs, comparing thelr performance in mult-
objective optimization using a double-skin fagade system as a case study, The findings indicate
that different experimental designs vary in their success at optimizing facade performance, with
central-composite designs performing best overall. Taguchi designs, while less relisble, are
effective In Identifying optimal levels of categorical factors. The study recommends using a
central composite desizn if resources allow. For scenarins with many continuous factors, a
screening design should be wsed initially to eliminate nsignificant factors; followed by a central
composite design for final optimization. When dealing with both continuous and categorical
frctars, a Taguchi design should first be gpplied o handle all levels of categorical factors and
represent continuons factors In a two-level format. After determining the optimal levels of cat-
eparical factors, & central composite design should be used for the final optimization stage. The
guidelines developed from this investigation offer deeper insights into the applicability and
effectiveness of classical DOE In designing complex systems, not only for advanced building
envelope systems bat also for a broader range of building end non-building engineering systems.
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