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PREFAB SYSTEMS

Off-site “Plug-and-Play” prefabricated opaque and
transparent multi-functional envelop systems:
Lessons and Visions
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Powerskin*

walls energizing buildings

POWERSKIN PLUS

Highly advanced modular integration of insulation, energizing and storage systems
for non-residential buildings

Speaker Jorge Corker
Organisation IPN - Instituto Pedro Nunes, Coimbra, Portugal
Start date, duration October 2019, 4-year project
Funding H2020 -NMBP-EEB-2019 - Integration of energy smart materials in non-residential
buildings (IA) - Innovation action
Project website powerskinplus.eu
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oowersn] PROJECT OVERALL CONCEPT ~d

The concept proposed by POWERSKIN+ releases the untapped potential of
curtain wall facades for a highly efficient energy valorization in buildings while
developing a modular integrated approach consisting of several innovations
whose technologies and added value intend to suppress available alternatives

on the market.

A truly integrative smart curtain wall facade solution comprising:

ﬁ Superinsulation and t Solar energy harvesting . _
-=me chergy efficient elements "/~ components Active and passive energy
storage features
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Modular framing system
Stick/Unitized
“plug and play” solution

Powerskin®*

1g buildings

Fagade BiPV

Active microfluidic thermal >
SOA Perovskite PV cells

storage solution
Based on capillary glass sheets using a
microfluidic material for thermal heat
storage and diversion

A
Transparent Module
Low-e Insulation Glass Unit (IGU)
with functional nanocoatings
Self-cleaning, reflective, photocatalytic properties and
wavelength control for perovskite's power generation, etc.

Building electric
storage system

Using second-life e-car batteries
Solar power generation and batteries connected
in a dedicated microgrid at building level

Opaque Module

Superinsulation Vacuum Insulation Panel (VIP)
in a skin frame with functional nanocoatings

UV and weatherability resistance, self-cleaning,
fire resistance, etc.

v

Latent heat storage system
Phase Change Materials (PCM)

POWERSKIN+

“A true all-combined modular energy management turnkey package, following superior energy efficiency
and sustainable eco-design standards, especially address for modern non-residential solutions”
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PROJECT KEY OBJECTIVES

Powerskin*

walls energizing buildings

4 YEARS

\

with different multifunctional add-on features, for nZEB | 2019203 |

Generate innovative hybrid-enabled systems enhanced

and Plus Energy Building Curtain Wall solutions

MARKET
INTRODUCTION

Demonstrate true holistic facade solutions in an

SYSTEM READY
for full scale
SYSTEM deployment
INCORPORATED

in commercial
PILOT SYSTEM design

PROTOTYPE  pEMONSTRATED
SYSTEM

VERIFIED

operational environment, treading the path for future

INTEGRATED

exploitation of non-residential buildings as the primary

LABORATORY
TESTING
LABORATORY of integrated
TESTING systom -
CRITICAL of prototype J

FUNCTION component or
APPLIED Proof of concept process
RESEARCH estoblished

entrance market

BASIC
RESEARCH ~ _ Technology

Aim at new buildings but providing the retrofit market et mioed

and reported

with highly adaptive multi-case energy efficient and

management systems Set POWERSKIN+ from lab to operational environment (TRL7)
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Combination of a wide number of
state-of-the-art high energy-efficient
KETs development/piloting program

Design and parametrization of energy smart

WP1 materials and components

Materials for transparent Materials for opaque module
WP3 module development WP4 development

=  Superinsulation elements (IGU and VIP)
WP5 System production and integration

=  Multi-functional nano-enabled coatings

= Active/passive PCM-driven latent heat storage elements and

WPG6 Simulation, characterization and validation

microfluidic thermal storage materials (RES)

=  Solar energy harvesting components based on flexible perovskite

WP7 Environmental & economic analysis

solar cells (semi-transparent and opaque) (RES)
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=  Electrical BMS supported by second-life Li-ion batteries from
electrical vehicles (BEMS)

Pilot demonstrations
WP8
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Standard

Unit IGU

Standard option

Premium options

9/8/2022, Sustainable Places 2022

Low-e and reflective-coated
triple-glazed Insulation Glass

E!L Add-on

Add-on Era———

Capillary glass sheets for active

thermal heat storage and diversion
Using microfluidic active thermal storage materials

Functional nanocoatings
___ 3 Self-cleaning, anti-reflective, photocatalytic
properties and wavelength control for PV's

T i
power generation, etc. ,

I
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A
1

Modular framing system
leo=n=o= =—=- - Mletal or-composite stick/unitized
! “plug and play” installation system

Li-ion battery
electric storage

System
Autonomous electric
storage system using e-car
Li-ion batteries connected
to the PVs and the grid

Facade BiPV
SOA Perovskite-PV
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PS+ MAIN MODULES AND ELEMENTS
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TRANSPARENT MODULES

Standard

PS + standard transparent module main features and properties

Soda-lime silicate float glasses melted from the
following naturally occurring raw materials (main
Glass components, in mass percentage):

Sand (Si0;, 58 ma%):_Soda (Na;COs, 18 ma%);
Add-on Dolomite (Ca{COs):-Mg{COs)s, 15 mad); Lime
(CalC0s);, 5 wtt); Sulphate ([S0:]*, 1 wt%)
Thermally optimized spacers made of aluminium
Other options possible (stainless steel,

Spacers polymer/metal combinations, or containing
organic materials)

Sealant Butyl (other opltlons possible) N
Secondary sealing (polyurethane, silicone)

Desiccant Zeolites

Inert gases Argon

PS+ 15t generation opague module prototype PS+ semi-transparent microfluidic heat storage system prototypes
Weight 10.8 kg (600 x 800 mm) 30kg,/m?
PS+ semi-transparent PV pilot production/testing < 0.80 W/(m’K) (33.4% below the average of 1.2
U-value W/(m?K) for an air-filled double-glazed window

with low-e coatings
‘ 20° Dimensions Up to 2000 x 3000 mm?

PS4 premium . .
300 capabilities Ready for add-on integration

=5days =12days

Vapor condensation

<=
J

Battery pack

Heat exchanger

Add-on

PS+ Building electric storage system (piloting/cooling system) Hydrophobic and self-healing capabilities of the PS+ transparent coatings
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OPAQUE MODULE
Add-on
Functional nanocoatings
Standard UV weatherability, fire resistance, etc. . Ad-on

Module skin panels
(Glass / Composite / Metal)

Superinsulation module
Vacuum Insulation Panels (VIPs)

Latent heat storage system

Phase Change Materials (PCM)
A

Modular framing system
Metal or composite stick/unitized
“plug and play” installation system

Standard option

Premium options

Li-ion battery
electric storage

system
Autonomous electric
storage system using e-car
Li-ion batteries connected
to the PVs and the grid
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OPAQUE MODULES

Standard

2y

VIP core preparation VIP core pressing VIP core vacum drying

VIP production

VIP core and loil assembly

Drying raw materials

Quality control

Acceleraled aparg test

VIP's thermal conductivity test by hest flow meter

PS+ VIPs just produced Lift-off test for VIP monitoring

WER & e Chamber

PS+ VIP pilot production/testing

PS+ 15t generation transparent module prototype

Standard

PS+ VIP insulation prototype

‘-J

4

PS+ Opaque sprayable coatings and fire testing

PS+ Building electric storage system (piloting/testing)
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Outer skin pane] sub-module ©

"Ultra-ight fibre-reinforced
plastic [FRF)

‘Option 1: Flbre-reinforced plastic
{FAF] w/ fire retardants
Option 2: Opacied glass

Opticn 3: Aluminium panel
Optlcn 4: Comacsrte panel

Insulation
sub-module

Fibregiazs VIP

Dpticn 1: Fumed sikca VIP care far
supenar service |ife

Opticn 2: Recycked or renewable
Fwharid VIF care far superior

Anmer skin panef sut-module *
(ack panel)

Same as the outer skin

Same as the outer skin

Same options as standard
modules

Inner frame FRecycled palymer frame. Recycled palymer frame |optianal]
sub-modufe ! {optional) Option 2: conventional or thermally
optimbed spacers
shin i o s with s avalane
d . 5
paint Anth fungal
Ught refloctive
Self-hesing
With intumescent flame-retardant
paint [if required)
Sealing Tape [commercial) Tape, butyl, palyurethane, silicane,
etc. [Commercial)
Energy storage add-on © . PCM plus activating heating
fall
Energy Harvesting odd-on* Flexlble cpague perovkite
BIPY colls
Pratotype
Pictures
Calor arlable arlable arlable
RAL caulors possible RAL calours possible RAL calours posslble
Dimensions “Variable 3005300 ta “arlable 300%300 ta 1000RE00mm 300K300 to 1000KEImm,
1000X&00mm Warlable thickness possible for the. warlable thickness possible for
Maminal thickness (mm): ~ IF up to 40mm the VIF up to 40mm
21mm
Apphications Special appliations where Curtain wall fagades |opague zones) | Curtain wall fagades [opague
lightwaightress iz ultimataly zanes|
required, VIR protectian, special
curtain wall fagade spandreks,
e,
Weight fig/m’) 438 540 Varlable Varlable
U-Value (W/mZE] 0098 Warlable Warlable
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POWERSKIN+ will prototype and demonstrate both
premium and more affordable solutions, for non-load
bearing curtain wall systems, based on high durability
individual and system components.

POWERSKIN+ facade renovation system will be
demonstrated and validated in an operational
environment in 3 real-size non-residential buildings
located in 3 different European countries (Portugal,
Germany and the Czech Republic).

The demo cases represent 2 different climates (Csa -
Hot-summer Mediterranean and Cfb - Oceanic in the
Kbppen climate classification), as well as different
building practices characterizing and realising how the
overall system will work in real conditions in the future.
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Main demo installation

*

Future pilot demonstration at IPN IPN installation (Coimbra, PT)
Planned for Autumn 2022

9/8/2022, Sustainable Places 2022 Jorge Corker | IPN 43



Powerskin*

walls energizing buildings

TIMELINE TO RESULTS

2022 2023

BBl | ENERGIZING
B | BUILDINGS

May March February
Materials, integrated systems production POWERSKIN+ upgrade fagade system (add- POWERSKIN+ lab-scale experimental
and performance specification defined ons) integration attained and prototyped validation completed
September October August
First set of standard opaque and Installation and full-year demonstration POWERSKIN+ documents database

transparent prototype modules realized initiated in operational environment and future market entrance guidelines

produced including environmental and
economic analysis

POWERSKIN PLUS outdoor test cells

9/8/2022, Sustainable Places 2022 Jorge Corker | IPN 44



powers] KEY BARRIERS - CHALLENGES

Financial & market barriers

- Costs of high-performance solutions
- Slow pace of the EU retrofitting action

Technical challenges

- Develop multi-price efficient and safe “plug-n-play”
modular solutions for easier market acceptance

- Need to address a holistic full-cycle approach on product
development to fully achieve decarbonization goals and a
real transitioning to energy-efficient buildings
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Technical barriers

- Highly diverse building and facade types, making it
difficult to design universal and easily adaptable
retrofitting solutions

Regulatory and other challenges

- Design a portfolio of standardized solutions
capable of fulfilling different regulatory
requirements

- Need to overcome bottlenecks that are still

preventing a further industrial uptake of
nanomaterials
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For further project information, please contact:

Jorge Corker

Project coordinator

jcorker@ipn.pt

Phone +351 239 700 968
Fax +351 239 700 965

IPN - LED&MAT

Rua Pedro Nunes
3030 199 COIMBRA

Portugal
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Follow latest news on project website and social

network profiles.

OeAA0EE

www.powerskinplus.eu

@powerskin-plus

@PowerskinPlus

@powerskinplus

@powerskinplus

PowerskinPlus project channel
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https://www.powerskinplus.eu/
https://www.linkedin.com/company/28835978
https://twitter.com/PowerskinPlus
https://www.facebook.com/powerskinplus
https://www.instagram.com/powerskinplus/
https://www.youtube.com/channel/UCuFlutwCno41KbccISKNWZg

P°We"ski"q THANKS FOR YOUR ATTENTION

Please visit our website
WWW.powerskinplus.eu

This project has received funding from the European Union’s

Contact us via e-mail , , ,
Horizon 2020 research and innovation programme under grant

info@powerskinplus.eu agreement No 869898,
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