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INTRODUCTION - 1

» 15 plus years of presentations on the Building Envelope:

uni

2nd UNI-SET Energy Clustering Event

'ﬁ FACADES19 FAGADE °19 Torino, 26-28 September 2016

Energy Efficiency in Buildings:
Perspectives, Trends and Challenges

European Fagade Network

- Responsive Building Elements —
An integrated use of concrete structures and
systems for improving the energy efficiency of
buildings

Lisbon, Portugal, November 22", 2019

Prof. Marco Perino

Challenges and R&D trends for the
Facades of Tomorrow

Marco Perino

52007 — Cemex WS - Responsive Building Elements
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o 77 7 |- Departreent i
5t International Conference on ‘i:u.r;w1.;:|; Tashkent - 29t"March 2019
2 Sustainability in Energy and Buildings ltalian Design Days
=
- S SEB-14
= Cardiff, Wales, UK, 25 ™ — 27 June 2014
The Challenge of the Envelope 8 The Energy Efficiency In Buildings:
for the Solar Buildings of Tomorrow 5 idi ;
2 1 The building envelope: a future beyond Between The Present Needs And The Future Dreams The Building Enclosure: ’
¥ - - From The Envelope To The Skin
| the concept of thermal insulation
>
g Marco Perino Marco Perino
k=
w —
s B I Polltecnicodi Torlno - Department of Energy (DENERG) , o, "’ff_{j
I [0/l B mercoperino@polltalt , www.pollto TEBE), 2
ol = orso Duca degll Abruzzl 24, 10128 - Torine, Raly
?__, “' S Marco Perino, Politecnico di Torino — Department of Energy (DENERG) - TEBE Research Group
g-;_ y -~ = %ﬁ marco.perino@polito.it, Corso Duca degli Abruzzi 24, 10128 - Torino, Italy,
o [ ==

> |s there still something to say or we are at a point where “most that can be said has

already been said”?

» The question could seem to be rhetorical, but it is not and the answers are far for

being trivial.
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mi INTRODUCTION - 2

MENDELEY

Publication type

Bld.env. Facade
Journal 15692 21339
Conference
Proceedings
Book Section 1281 2154
Book 865 375
Generic 1560 1523

6949 8340

24000
23000
22000
21000
20000
19000
18000
17000
16000

Key words for the search: “Building Envelope”,

B Building Envelope

Facade

Total = 60’078 papers

%
-

R

2021 2020 2019 2018
Year

2024 2023

2017

“Facade”

2016

N

2015

before



\12-J§ IBPC24 — TORONTO METROPOLITAN UNIVERSITY £: e

mi INTRODUCTION - 2

Such figures suggest, that

YES

may be it is still worth focusing on
this subject
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m INTRODUCTION - 3 8

In this presentation | will try:

» To give an overview of the subjects that were popular in the Building Physics field of
over the years and the ideas that drove the research on the Building Envelope,

» To understand what role can and will play the Building Envelope in the energy
transition.

Motivations that drive the research — the picture:

ﬁ(s)gg Share by the goal of the study
0,

11500 by the goal of the study 100%

11000 95%

10500 90%
10000 85%
9500 80%
9000 75% I I
8500 70% .
8000

7500 65% .

o 7000 60%
§ 6500 . 55%
2 6000 50%
Z 5500 45%
5000 20%
4500 35%
4000
3500 30%
3000 25%
2500

o . 20%
2000 15%
1500 - 10%
1000 5%
[ 0%
M 2024 2023 2022 2021 2020 2019 2018 2017 2016 2015  before 2024 2023 2022 2021 2020 2015 2018 2017 2016 2015 before
MENDELEY

Menergy M sustainability ™ comfort innovation/innovative M energy WM sustainability ™ comfort innovation/innovative
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m INTRODUCTION - WHAT IS THE BUILDING ENVELOPE?

» “A building envelope or building enclosure is the physical separator between the
conditioned and unconditioned environment of a building, including the resistance to
air, water, heat, light, and noise transfer” p,

» “It is a collection of construction components and subsystems that separates interior
conditioned space from unconditioned space or the outdoors. It is the boundary
through which energy and mass can be transferred” 1z,

» A building's envelope includes doors, roof, walls, foundation, insulation, seals, and
windows (SEB).

» The many functions of the building envelope can be
separated into three categories:s

o Support (to resist and transfer structural and dynamic
loads)

o Control (the flow of matter and energy of all types)

bl
1

ikt o Finish (to meet desired aesthetics on the inside and

outside)
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m THE HISTORY: ON THE SHOULDERS OF GIANTS

Newton, 1675 "if [we can] see further, it is by standing on the shoulders of giants”

)

A ; ;\i_‘/"
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Hugo Hens

Performance Based
Building Design 2

From Timber-framed
Construction to Partition Wall

FWILEY- HLACK WELL

zrnst & Sohn

Jaad WHMEKD) T Ry (PR
ear— | 1992 | 2006 | 2010 | 2012 | 2014

Hugo Hens

Performance Based
Building Design 1

From Below Grade
Construction to Cavity Walls

Applied Building Physics

Ambient Conditions,
Functional Demands,
Building Part Requirements

ebook
inside

Building Physics
Heat, Air and Moisture

Fundamentals and Engineering
Methods with Examples and
Exercises

DWILEY-BLACKWELL

EmsL S sohn
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HE HISTORY - TRADITIONAL APPROACH TO THE BUILDING ENVELOPE -2
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| ’4’;‘ P PREMESSA
E b.....:a- PRI Isolante H intonaco
’-—i impermea-
s.ﬂ"’.:‘ bl N Linvolucro edilizio costituisce I'elemento di separazione tra 'ambiente esterno, per
pow™ , .
E ] :.P‘. g I: Eﬂ\i c:% calcestruzzo sua natura variabile, e I'ambiente interno, che deve invece essere caratterizzato da
O ; pemmmenl ghiala condizioni il pil possibile stabili e rispondenti alle esigenze di comfort ambientale.
o ‘ H muratura o cls ey, suolo All'involucro edilizio sono quindi richiesti specifici requisiti prestazionali™ al fine di
o interno : B garantire il soddisfacimento di esigenze quali:
|— e‘sternq i = : : * sicurezza,
I = « benessere igrotermico;
< iterno é « isolamento termico;
N : . = « isolamento acustico;
@) sezione verticale ||~ o diaspetto;
a. e di durabilita;
e o di attrezzabilita;
o di protezione dagli agenti atmosferici;
« di protezione dall’irraggiamento solare.
In particolare al fine di garantire un comportamento dell'edificio energeticamente
efficace e di assicurare il benessere igrotermico all'interno degli ambienti sono da
considerare con attenzione i requisiti relativi all'isolamento termico e al controllo

della condensazione nella massa.
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THE HISTORY - TRADITIONAL APPROACH TO THE BUILDING ENVELOPE-3

1.2.2  Building physics: heat, air, moisture 1.2 Performance evaluation

May, 22 2073
Lt wws a Arce aay
Lt as Aty oyq expealence i
ke wp Ak e
ety ALiceatrerd yfuy
BeJ A ety Adre

1.2.2.1 Air tightness

Air tightness of timber-framed envelopes is not taken for granted. The outside finish, the
building paper, the sheathing, as well as the insulation, all are air-permeable, Contributing
factors are, for the building paper, the overlaps between the strips, for the sheathing the joints

| 1.2.2.5 Thermal bridges 1.2.2.2 Thermal transmittance
Limited thermal bridging is a clear advantage of timber-fi d " . 5
ey I whnlewit 4 [fa,f:mimm;;i;’im‘;f,sgg, i The discussion relates to outer walls only. For roofs and floors, reference is made to the chapter
ia:gd altfinilaqti\l\/j solil.fl-tionsdf{)r header p|gtes,df_r§_me cornerszl\w?ciﬁu on floors in Performance Based Building Design 1 and the chapters that follow on roofs. As
igure 1.14. Metal framed construction is a different story. As Table 1 1 1
enylit shuggingnd e af tasramly tul st shea’;hing e always, the clear and whole wall thermal transmittances (U) differ, thf:' last accounting for
studs, top and bottom plates. In the case of an airtight outer wall, the series/parallel circuit of
Figure 1.6 allows a fair guess of the whole wall thermal transmittance, as do also the following
Hugo Hens 1 linear thermal transmittances (1):
Pe rfo rmance BaSEd . Stud Bottom plate Top plates
BUIIdlng DeSign 2 ¥=028 W/mK) | § ¥ =0.017 W/(m-K) ¥ =0.010 W/(m K) ¥ =0.023 W/(mK)
- inin = 0. ? : With mineral wool or cellulose as thermal insulation and a brick veneer as outside finish, the
fr =085 | ; _ ! ( ;
From Timber-framed ‘ | thicknesses of Table 1.4 give whole wall thermal transmittances of 0.4, 0.2 and 0.1 W/(m?- K)

Construction to Partition Wall 1 ” for 40 and 60 cm centred studs.

Figure 1.14. Timber-framed outer wall:
adapting header plate design to avoid thermal bridging.

1.2.2.3 Transient response

On a daily basis, timber-framed outer walls have an admittance way below 3.9 W/(m? - K) 4

(for a surface film coefficient indoors of 7.8 W/(m? - K)), while the dynamic therma}l resist-
ance hardly differs from the steady state thermal resistance and temperature damping does
not even approach a value 15. Better thermal insulation hardly changes things, see Table 1.7.

-'-'-'H--n-----dl

il )

>
=
v
o
LLl
=
2
-
2
=
-
o
a
o
o
-
LLl
=
O
-
2
o
o
O
-
I
<
N
O
(o
@

Figure 1.6. Timber framed wall as series/parallel circuit.
Table 1.7. Temperature damping, dynamic thermal resistance, and admittance (1-day period).
1.2.2.4 Moisture tolerance

Wall, brick veneer Temperature Dynamic thermal | Admittance + faze
H as outside finish damping +faze | resistance + faze Due to water sensitivity of the softwood used, timber-framed construction is inherently less
g - h m’ - K/W, h W/(m’-K), h moisture tolerant than massive construction. Above a moisture ratio of 20% kg/kg the risk to
4 cm MW, U, = 0.47 W/(m®- K) 2.1 7.0 2.8 4.2 0.74 2.9 see mould colonizing the timber increases sharply whereas above 30% kg/kg fungal attack
14 em EPS, U, = 021 W/(m® K) 43 93 6.6 5.0 0.65 43 and bacterial rot become likely. To avoid problems the following requirements should be

fulfilled:
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The key words that pop up:

’)  (( ’)  ((

“thermal insulation”, “Protection”, “Thermal

) ((

Transmittance (U- \/alue) Air Tlghtness”,

’)  ((

“Thermal bridges”, “IVloisture Protection”.
To achieve the best possible “barrier” effect
and to disconnect, as much as possible
Indoors and outdoors
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m THE HISTORY - TRADITIONAL APPROACH TO THE BUILDING ENVELOPE - 4

This phase can be called the “Energy Conservation Era”, where :

» the main goal was to limit the thermal loads caused by the building envelope,

» The concern was essentially the heating energy demand,

» The idea was to maximize the solar and other free gains.

500

450
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@ HT

efficient [W/K]
w
o
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150

100
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»

IEA Energy Conservation in

1940

2020 2040

Buildings & Community Systems

2060

This indeed allowed to significantly improve the overall energy BUT
0000

efficiency of buildings and to reduce the space heating ...

D
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NETWORI FOR ENERGY SUSTAINABLE TRANSITION

mi LIMITATIONS OF THE ENERGY CONSERVATION APPROACH - 1

keeping to optimize the performance just looking at a single goal (e.g. increasing the
thermal insulation) leads, at a certain point, to hit the wall:

“law of diminishing returns”

120.0
T ’
/ <@

wo - Cost of insulation
& 800 y i
g s 7
= /7
8 60.0 /
= °% ¢
S . ¢4
o Py
% 40.0 E 4

/
’!
20.0 "
-
-
0.0 <&
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
Year
Drawbacks:
o

Increase of energy demand for:
o Space cooling,

o Artificial lighting,

o Plug-loads.

—

T~
ZEB target
L R EIaGY
o b P
c P :
Q P
S gei—i
S [ L/
® e
b P \
—— —— /

70 . Today
investment Investments

o Severe problems of overheating
(even in cold climates),

o Transmission losses become small
compared to ventilation losses.



mi LIMITATIONS OF THE ENERGY CONSERVATION APPROACH - 1 73

LY

keeping to optimize the performance just looking at a single goal (e.g. increasing the
thermal insulation) leads, at a certain point, to hit the wall:

“law of diminishing returns”

] 4
wo + Cost of insulation /

s —>
v

h S

Specific cost[€/m?]

’!

200 >
-
-

°
. @
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
Year

Drawbacks:

Increase of energy demand for: o Severe problems of overheating
o Space cooling, (even in cold climates),

o Artificial lighting, o Transmission losses become small
o Plug-loads. compared to ventilation losses.
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2 mi BEYOND THE ENERGY CONSERVATION APPROACH — THE 13T EVOLUTION -1

G
e

In the first decade of the 2000s there was the need to revolutionize the concepts.

The dogma of a fixed “barrier” component, that is disconnected from the other building
services/functions and does not change its features, behavior and functions, started to
be unsatisfactory and limiting.

The one-size-fits-all approach was no more functional.

[7]
The new code-words were:

»> Responsivity,
> Adaptability, reject

» Dynamic behavior,

redirect

tore
pEpo > temper |
reject

admit

» Integration,

redirect

And the optimization started to be on
the basis of a “Total Energy Approach”

IEA, Annex 44 — “Integrating Environmentally Responsive Elements in Buildings”
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BEYOND THE ENERGY CONSERVATION APPROACH — THE 1°T EVOLUTION -2

Gt

By Technology

AR

10000 MENDELEY
]
[ I —
1000 — I — — —
5 -
S
z 100
(-T+]
S
10
1
2024 2023 2022 2021 2020 2019 2018 2017 2016 2015 before

M Integrated ™ Dynamic M Active ™ Responsive " PCM mPV M 3D printing/printed/print M nanomaterials
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BEYOND THE ENERGY CONSERVATION APPROACH — THE 1°T EVOLUTION -3

Gt

Share by technology

I I I I I I I I I l o

2024 2023 2022 2021 2020 2019 2018 2017 2016 2015 before

@tegrated m Dynamic M Active = Responsive DPCM m PV M 3D printing/printed/print M nanomaterials
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The “Integration and Adaptability Era”

» |EA - Annex 44 “Integrating Environmentally
Responsive Elements in Buildings” Design Pyramid

—EBC 4%)

Energy in Building and

IEA Energy Conservation in Communities Programme
Buildings & Community Systems

CFF = Cleanest Fossil Fuels 7‘
FFT = Fossil Fuel Technology

» COST Action - TU1403 “Adaptive Facades
Network”.

ccoskE

EUROPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY

COST is supported by the EU Framework
Programme Horizon 2020

NETWORI FOR ENERGY SUSTAINABLE TRANSITION
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Typical technological expressions:

» AIF — Advanced Integrated facade (double

]

skins, climate facade, ventilated facades, ...), 15 [ - j e

» KF - Kinetics Facade - KF

» PCM - Phase Change Materials (integrated in
opaque/transparent components),

» SW (Smart Windows)/SG - Switchable Glazing
(electrochromic, thermotropic,
thermochromic, chromogenic,
photovoltachromic, ...) and Shading Devices

» TABE — Thermally Activated Building Elements
» EC - Earth Coupling
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m THE INTEGRATION AND ADAPTABILITY PHASE — EXAMPLES - 1

TecHNOLOGY
ENErRGY
BuiLoing
ENvIRONMENT

Transparent ventilated facades:

|,

AN

)

O TRECAIKIEETAND
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m THE INTEGRATION AND ADAPTABILITY PHASE — EXAMPLES - 2

Highly integrated “climate” facade:

other uses

L ]
facade
L

Texh gf ¢

B N s
il

Ti

e i f!:._,r‘?_\r( o L ——
S/ = e

— =

- —— L. Ti
e L * Is

office room

y

Tinlet | |

Twell water To

b)

Formut

other uses

Ti
-

office room

Ti
Is

office room

Tinlet < I I

P AHU P

To



m THE INTEGRATION AND ADAPTABILITY PHASE — EXAMPLES - 3 I3
y ,
= | Hybrid ventilated facade & AIF prototypes: _ ey o )
& Climate facade
> 3 ] p e
2 T, P Hybrid ventilated facade:
2 — - %
= . .
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o
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S |
|T | QK:ZP | Mechanical ventilation ‘ <Z:X> \\ Summer: hybrid ventilation <§§§\ VSE;iI{li;?latural “E:-Z;\ Winter: closed gap
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THE INTEGRATION AND ADAPTABILITY PHASE — EXAMPLES - 4
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Opaque integrated facades: Lpon
EnviRONMENT

>
=
%)
o
1T
>
2
- | Sample a (EAF) Sample b (SAF) Sample c (unventilated) Sample d (OAC)
> Open grid Open grid
it
= N Open grid
o =
o \\ R N
+— IigN = \ + U
>3 c = L c 3
E o \\ k= o \ c o\\ |
@) i SN i
S %\ N k\
% i) Open grid S Il
o -jg&om grid N\ =
=
l
N
g Test Sample Ventilation Type Experimental Condition Agr::gl?:v Djsl:i::laot‘i’\;n
e (a) EAF MV laboratory interior exterior
(b) SAF MV laboratory exterior interior
(c) RUF unventilated in field - -
(d) OAC NV in field exterior exterior
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m THE INTEGRATION AND ADAPTABILITY PHASE — EXAMPLES - 5

Opaqgque integrated facades:

] By ]
SAMPLE (c) Unventilated® SAMPLE (d) Ventilated

Wall temperature profile (16:00-17:00 p.m.)

T, 32.4°C

® Unventilated

® Ver

T, 25.5°C
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m THE INTEGRATION AND ADAPTABILITY PHASE — EXAMPLES - 6

S e

Philosophy of the total
building energy approach

1) INTEGRATING RES
IN BUILDING
ENVELOPE

3) > COP of
HVAC system

2) RECOVERY
OF THE HEAT
LOSSES

="

~&

3

=

¥
B \477\
i

<

'| 5) < HEAT LOSS

REDUCTION
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m THE INTEGRATION AND ADAPTABILITY PHASE — EXAMPLES - 7

Green Walls/Roofs — Living Wall systems:

0.0

-50.0

-100.0

-150.0

Daily Energy [Wh/m?]

-200.0

-250.0

-300.0

T_WALL_EXT

= WALL

-249.5

——T_B_EXT (SF50)

m GREEN

915

>
>

>
>

24/08/2011 00.00

5/08/2011 00.00

26/08/2011 00.00

27/08/2011 00.00

28/08/2011 00.00
9/08/2011 00.0

30/08/2011 00.00

31/08/2011 00.00

01/09/2011 00.00 -

/ /
TECHNOLOGY ENERGY UILDING ENWRONMENT

Heat island effect mitigation,

Extra
(variable),
» Acoustic absorption,

thermal

insulation

Potential air purification,
Lower surface temperatures.

Irradiance [W/m?|




Double Glass

8/15/
clear+
h:11 ;
L: 14 : i = 07/30/09 09:30

8/15/6mm

h: &
L: 14(
paraffin R35 /

I\'|¥-19 |BPC24 — TORONTO METROPOLITAN UNIVERSITY

07/30/08 17:30




THE INTEGRATION AND ADAPTABILITY PHASE — EXAMPLES - 8

1{!? ST Ry

D e LR e
¥

&5 . £

g

DG with PCM

clear glass

TOTAL HEAT FLUX [W/m?]
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TOTAL HEAT FLUX [W/m?]
2383

@
=]

07/30/09 14:00

TOTAL HEAT FLUX [W/m?]

>
=
v
o
LLl
=
2
-
2
=
-
o
a
o
o
-
LLl
=
O
-
2
o
o
O
-
I
<
N
O
(a8
@

07/30/08 17:30

NETWORI FOR ENERGY SUSTAINABLE TRANSITION




PCM in shading devices:

Summer - Daytime Summer - Night time

ate= '3

Absorption of the solar Solidificationof the =~ = = 4
radiation == Melting of PCM == energy is

the PCM. Energy is released outside the

stopped and stored. room.
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() m THE CONCEPT EVOLUTION — FROM THE 13T TO THE 2NP AND 3RP sTEP IR

 Fernansft

Annex 44 = Design Pyramid Pursuing a deeper integration, moving

from an energy passive harvester to an
energy active envelope, exploiting RES
at building level.

CFF = Cleanest Fossil Fuels
FFT = Fossil Fuel Technology

Active & Multi Functional phase

7 2010 - 2020
/\
ails

_| Integration and Adaptability phase
early 2000 - 2010

e

Energy Conservation phase
’70, ‘80, 90
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m THE ACTIVE & MULTIFUNCTIONAL PHASE — EXAMPLES - 1
Multifunctional Facade Modules (MFM) - ACTRESS

The ACTRESS Prototype (ACTive, RESponsive & Solar )

ACTRESS transparent | Al WP | ACTRESS opaque sub-module

sub-module (Opaque Ventilated Facade)

triple glazing OVF ventilation grid
- low-e coating
- 25 mm aeroge|

outer cavity

asl PV panels (3 x 29 Wp)

Ventilated cavity:
- cavity thickness = 120 mm
- equipped with 4 axial fans

internal sandwich panel:
- gypsum wall board
- 25 mm VIP layer
- gypsum wall board
- PCM layer (Tmelt=27"C)
- electric heatd carpet
(TSM) (OSM) - PCM layer [Tmelt=23°C)

transparent sub-module |' I | opaque sub-module

triple glazing
- low-e coating
- puter cavity low/e
venetian blinds

» WWR =50 % (tot. en. optimization for Torino),
» OSM: U,=0.08 W/(m?2K)
» TSM: U = 0.60 W/(m?K), ; U = 0.55 W/(m?K)

average aerogel™
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m THE ACTIVE & MULTIFUNCTIONAL PHASE — EXAMPLES - 2 R

G oot

Posssible ventilation strategies of the ACTRESS MFM - OVF Cavity:
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2} mi THE ACTIVE & MULTIFUNCTIONAL PHASE — EXAMPLES - 3

Yearly energy performance (total equivalent electric energy) — Simulation of a reference
hypothetical office module 6 m x5 m x 3.5 m South oriented:

Electric Energy Consumption [kWh/m?]
00 -2.00 000 200 400 600 300 1000 1200 1400 16.00 18.00 20.00

Traditional 11.68 3.4 -0 EE h [kWh/m?y]

EE ¢ [kWh/m?3y]

ACTRESS -3.86 6.71 2.24 -3" mEE el [kWh[mW]

PV prod [kWh/m?3y]

ACTRESS Supply Air -3.86 6.17 2.24 -?
B Fans [kWh/m?3y]

» EE reduction from 19.1 kWh/m?3y to 9.1 kWh/m3y (» 52%),

» Significant reduction in heating loads EE,, due to the use of PV energy to activate the
PCM in the OSM.

» The electric (plug loads + lighting) consumption can be almost totally covered, 95% on
an annual basis, by the PV production.

» Exploiting the pre-heated air (OSM supply air) during heating and mid-season allows
an extra energy saving of about 8 %.
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2 m THE ACTIVE & MULTIFUNCTIONAL PHASE — EXAMPLES - 4 LA

Going further with MFM - The POWERSKIN* Concept:

It is an off-site prefabricated modular system, glazed and
opaque, integrating smart material

solutions to renovate existing facades

of both double skin and advanced

integrated curtain walls. » Bio-composite framing system
Active/passive TES C

A A

» PV cells

@parent ModD
Powerskin* GIU
e Building electric -.

storage system F 1

; @aque Module>
VIP

EU — H2020 project (2019-2024)
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m THE ACTIVE & MULTIFUNCTIONAL PHASE — EXAMPLES - 5 iy

o

A ¥

The transparent module:

SOA Perovskite-PV

Functional nanocoatings

self-cleaning, anti-reflective, photocatalytic properties
and wavelength control for perovskite's power
generation, etc.

Modular biocomposite
framing system

TES microfluid channels for active heat
storage and diversion

Used Car Batteries of EV
HybV (circularity)

Y
Li-ion battery electric
storage system
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mi THE ACTIVE & MULTIFUNCTIONAL PHASE — EXAMPLES - 6

The opaque module:

SOA Perovskite-PV

Functional nanocoatings

UV weatherability, fire resistance, etc.

Modular biocomposite
framing system

Active/passive latent heat storage

PCM system + heating foil
A

VIP insulation (or biofoam insulation)

+

Protective composite skinframe

\ J
Li-ion battery electric
storage system
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Energy Conservation phase: -

energy

- o wm w W om

I
-

Figure 1.6. Timber framed wall as series/parallel circuit.

passive approach

(Integration and Adaptability) + (Active & Multifunctional) phase:

Integrated Dynamic MF & Active P § o
0 m

Isol I ) !
'f' Integrated
/@— ~ - + Active & Multifunctional
. I | T

foul ™ I ; 7% l:>
PR
R

energy
|
il

1
I I i
I ] i i Energy
! ! . i conservation
| 1
i | i 3 approach
| 1
sl TE T S b = | === =] ]g-

m 1/:C V;C 1/;C passive + active approach

4C UC %C
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mi IMPLICATION ON MODELLING & ACHIEVEMENTS — FROM 157 T0 3RD pHASE |

Energy Conservation phase: -

energy

Figure 1.6. Timber framed wall as series/parallel circuit.

passive approach

(Integration and Adaptability) + (Active & Multifunctional) phase:

Integrated Dynamic MF & Active ﬁ .
oo "
. [1 Integrated
/@— ~ - + Active & Multifunctional
| | > .
p*l “I. I - 5 e
ﬁr “ I @*I;i @ i l:> % "~ zeB

OF - ; O & : . " M -

Oﬁ (=] o (=] o (=] (=] (=] tion
+ Multidomain & multiscale simulations (Thermal, fluid dynamic, :n
O

light, sound)

}"" ST ¢ ERT \/3\.: /3\ /3u|

lve + active approach




() m THE CONCEPT EVOLUTION — FROM THE 13T TO THE 2NP AND 3RP sTEP I3

b l'*;. »

Annex 44 = Design Pyramid

CFF = Cleanest Fossil Fuels
FFT = Fossil Fuel Technology

Active & Multi Functional phase
2010 - 2020

Integration and Adaptability phase
early 2000 - 2010

Energy Conservation phase
’70, ‘80, 90

\'I1*-J8 IBPC24 — TORONTO METROPOLITAN UNIVERSITY ::
S
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m EXAMPLES OF NEW RESEARCH STRANDS AND OUTLOOK - 1

New & better performing materials with added functionalities:

1) Vacuum Insulation 2) Adavanced Porous 3) Reflective

. . 4) Cool coatings
Panels (VIP) materials (APM) insulation

Weathered Galv Cool Roof
Rodfing 80+°C 20°C - 40°C cooler




I\'|¥-19 |BPC24 — TORONTO METROPOLITAN UNIVERSITY

m EXAMPLES OF NEW RESEARCH STRANDS AND OUTLOOK - 2

Not only thermal and lighting, but also RH control (and IAQ) :

.ayers distribution Printing path - Layer L2.

105°C 800°C

600°C 700°G,

Printing path - Layer L1.

3D printed panel

3.2 Equilibrium Moisture uptake

a) J[|—— Reference Clay
3D-printed clay wall .

components for passive indoor
control of the RH and moisture .|
buffering with high surface area. |/ —

o=/,

Wl eAN U LU ~
SDG_T600°C SDG_T700°C

b)

404

304

SEM - 10,000 X

10%
20%
— 30%
— 40%

—— Reference Clay

— a — i T T
SDG_M10% SDG_M20% SDG_M40% 0 20 40 60

SDG_M30%

RH (041

80

1
100

T
20

T
40

T T 1
60 80 100
RH (941

Vincenzo Gentile, Juan Diego Vargas Velasquez, Stefano Fantucci, Giorgia Autretto, Roberta Gabrieli, Pardeep Kumar Gianchandani, Marco Armandi, Francesco Baino, «3D-printed clay components with high surface

area for passive indoor moisture buffering», Journal of Building Engineering, Volume 91, 2024, https://doi.org/10.1016/j.jobe.2024.109631.
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mi EXAMPLES OF NEW RESEARCH STRANDS AND OUTLOOK - 3

Better multifunctional integration (not only Building Physics) & 3D printing:

Integrating Energy Systems with Lightweight Design
NEST HilLo

Doubly curved, 1
Lightweight concrete shell

ETH:zurich

4 Integrated heating,
cooling and ventilation

’ / 5 Adaptive Solar Facade

6 Data-driven operation /
Learning-based controller

% On-site, actively controlled
: reusable formwork

Lightweight, furnicular 3
floor system

Image: Roman Keller

» Zero to positive operational energy
consumption

Image: HiLo - BRG Research Group / A/S Architecture and Building Systems Group

- Lightweight construction, less material

- Architectural integration of renewable - Connection to district scale energy systems [9]
energy systems + storage

* High occupant comfort Systemic Design for Decarbonizing Buildings and Cities
Prof. Dr. Arno Schiueter, Institute of Technology in Architecture ETH Zurich A; g&z‘:igtﬁ:?':;
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m EXAMPLES OF NEW RESEARCH STRANDS AND OUTLOOK - 4

Integrated, Digital Design Process

THIN FILM INTEGRATED
PHOTOVOLTAIC PANELS

LOW TEMPERATURE
RADIANT HEATING COOLING

CENTRAL WASTE AIR WITH

HEAT AND MOISTURE RECOVERY
Funicular
floor
DECENTRALISED VENTILATION
Permanent
formwork
element
LOW TEMPERATURE
(EPS) RADIANT HEATING COOLING
Hydronic
pipework SOFT ROBOTIC ACTUATED
THIN FILM PV PANELS

Ventilation

+ Manual / automated ventilation

§

+ Decentralized Mech. Ventilation
Shading / cooling

Thermal
_ + Electrochromic Glazing
« Thermally Active Building Systems
. (TABS) + Automated night-cooling
L; + HVRF AC Units + Manual blinds

BACKBONE CONNECTION

Source: Dr. Gearoid P. Lydon Prof. Dr. Arno Schiueter, mZurlch



EXAMPLES OF NEW RESEARCH STRANDS AND OUTLOOK - 5 R

.
1852
S

Adaptive Solar Facade

Initial Concept

|
¥ Initialisation

Geometry P Lo P -
I \ -Facade Geometry
-Weather Data
Visual Structural | > -Building Data
Render Analysis . B
T T -Orientation
v I v 11

Radiation building data from £,
Analysis | TR

max. abs. utilisation: 129.6%

1
Yo

[ PV Circuit ] [ RC Model ’ [ Daylighting ]

Performative Design Environment

Simulation Model !
|
i 1
Electricity geaz.mgf Lighting !
max_abs. utilisation® 64 4% 001N, '
: ‘ Supply e~ Demand |
1
1
]
1
i
max. abs. ulilisation. 91.6% 30 active panels :
1

Optimal Configuration and

Production and assembly plans Energy P e s, PSSR
k

Physical impfementatio'r)l

I\'|¥-19 |BPC24 — TORONTO METROPOLITAN UNIVERSITY

Prof. Dr. Arno Schlueter, mzurICh




Piccioni, Valeria, Marthias Leschok, Esther Borkowski, lllias Hischier, and Amo Schiueter. 2023. "Challenges in Modelling Thermo-Optical
Performance of 3D-Printed Facades: A Cross-Domain Review'. In Proceedings af the 18th IBPSA Conference

(e Desired Properties

Personalised

Feat /ai i
£ ; i
rg,., y ‘m high transmission
: @ o? “‘-—::'H‘*—:.:-"‘*-: T
+ e |
£ o D e :
i = RS e . 3
e i 2
Temperature (T) £\
data-driven | B | .
BSDF | = Tvis, SHGC (8,9)
<)
thermal The U-val
properties ey '- o]
Figure 3: Concept for multiscale multiphysics approach to assess and integrate thermo-optical performance in
3DP facade systems.
1. summer solar

@ ()] admission

Design parameters:

{§} functionality 2. uniform

daylight
location
@ (climate, site)
% polymer material
4. visual 3. winter solar

connection admission

©

Fabrication parameters:
)
- Towerhelaht (@)
Prof. Dr. Arno Schlueter, mzurlch =

I\ 12¥=J8 IBPC24 — TORONTO METROPOLITAN UNIVERSITY
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m OPEN QUESTIONS OF THIS PHASES — NEW KPI| NEEDED

Liquid phase

Transition U = AT

£
s
x
=]
-
'S
-
<
w
=

Solid phase

-16 -14 -12 -10 -8 -6
TEMPERATURE DIFFERENCE [°C]

40

£
s
x
=)
-
(IS
-
<
w
I

. DG with PCM

o 5 5 . -10 o ~ =
. Clear double glass TEMPERATURE DIFFERENCE [W/m?]
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m OPEN QUESTIONS OF THIS PHASES — NEW KPI| NEEDED

T
E
=
x
S
-
[T
'—
<
w
I

-10 -8 -6
TEMPERATURE DIFFERENCE [°C]

Upighe = 2,7 W/m?K

PCM solid phase

B DG with PCM
. Clear double glass

£
s
x
=)
-
(IS
-
<
w
I

40

N
o

=}

-10
TEMPERATURE DIFFERENCE [W/m?]

o



ey m THE CONCEPT EVOLUTION — BEYOND THE 3RP sTEP ? F A

@ and beyond ...?? \To go there, we must
2 N

.
NS P

be imaginative

CFF = Cleanest Fossil Fuels
FFT = Fossil Fuel Technology

CS\ ; Active & Multi Functional phase

- — 2010 - 2020

Integration and Adaptability phase
early 2000 - 2010

Energy Conservation phase
’70, ‘80, 90

I\J¥-J9 |BPC24 — TORONTO METROPOLITAN UNIVERSITY g




m BEYOND THE 3RP STEP — LOOKING FOR “GAME CHANGER” - 1 4

“Visionary” materials & Technologies: Exploiting the “Sky transparency window”

i Light from the Sun I I Thermal Radiation from Earth
© = ~70% Reaches the Ground ~20% Escapes to Space
O c }
Qo
GE '
r ' A —
100 = : : : ]
2 ﬂ |
e o |
L |
m 60 |'
&)
N ., |
~ 40 | | |
_E . |
@ 20 -‘ | |
Q } i |
< 0 - ks - ' -“‘l’ ! u |
uv Visible Infareg
0.2 1 10
Wavelength (um) L %

1 — - | — -

Absorption Bands | |H,0 [|co, [cH, [NO [10,80,

Passive radiative cooling technologies PaRaMetric
- EURAMET project

2 Lorenzo Pattelli & members of PaRaMetriC P R M o @ [10]
B Lpattelli@inrim.it, parametric@inrim.it 0 Cl ei. rl
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RD “ ” {7)
BEYOND THE 3"" STEP — LOOKING FOR “GAME CHANGER™ - 2 LA
> ° H °
= | Usingthe (cold, 3 K) deep space as a heat sink: | @ @ @ oing below ambient ai
g:’ temperature under direct sunlight
I;I : Exposed to sky T Slsgllvlefgtryd
— Outer space 3K 1
2 1900
- 17.5} , 800
n
E P 4700 ©
= O 15K~ %.
pur © Ambient air temperature A
o S 1500 &
a £12.5 2
O o @
(2’ Atmosphere £ @
E - = 10 Photonic radiative cooler 250 §
E Earth's surface temperature _
300K
E . | 751 - - ' - 0
_ source: L Wei &S Fan. OPN 30.11 (201%) 10:00 11:00 12:00 13:00 14:00 15:00
Time of da
2 ¥ Pumped down to < 10 Torr ~ Nov 28—Nov 29 2015 - /
(@) e
15 1 o i
IT 5) 1 L 500 £ sﬁ:(;]e ZnSe
s 51 40 oc E window Z Chen et al., Nat Commun 7.1 (2016)
g ~ B T i - 400 © Mirror Selective qﬁD =
8] < < cone emitter S sun
a 5 300 8 +“shade
£ —15 @ ,
K l 3 25
= |22 A [ E e —
: E — 274 Selective
5 )] ! emitter
4 | - -35 - 100 ©
% _45 A v . y ; e 0 Vacuum i P~1O A‘:“ / (10)
13:00 19:00 1:00 7:00 13:00 19:00 sharnbir s e




m BEYOND THE 3RP sTEP — LOOKING FOR “GAME CHANGER” - 3

Not only Building Physics — The Building envelope as a huge “Interface” with
the outdoors — the Sphere at the Venetian Resort:

1.2 million of LED panels (2.5 x 1.2 m), resolution 14’000 x 9’000 pixels (126 Mpixels)



8 mi BEYOND THE 3RP STEP — LOOKING FOR “GAME CHANGER” - 4

RETHINKING THE APPROACH TO

ENVIRONMENTAL CONTROL: t_ }1 : H%I _1

h

T=T(xyz) =T,

et-point

C= C(X,Y;Z) — Cexhaust

THE CONCEPT EVOLUTION:

THE PRISTINE IDEA
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(A) Mixing system




8 mi BEYOND THE 3RP STEP — LOOKING FOR “GAME CHANGER” - 4

RETHINKING THE APPROACH TO THE INDOOR
ENVIRONMENTAL CONTROL:

b

RH i RH '''''''''''''''' ...........

set-point .-, - - g—

THE CONCEPT EVOLUTION:
THE FIRST EVOLUTION

= RH
Toec=T.

set-point

set-point

COCC < CTOOTH

(B) Displacement system
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m BEYOND THE 3RP sTEP — LOOKING FOR “GAME CHANGER” - 4

RETHINKING THE APPROACH TO THE INDOOR NS I’
——————— 5 ————7*(——”——\—————6———————1

ENVIRONMENTAL CONTROL: ‘ :Ié}
Back-ground Environment (
(Loose control)
RHb # RHset—point
‘ Tb # Tset -point

4
ai
i
£
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THE CONCEPT EVOLUTION:
THE PECS CONCEPT

C, > C,
Mlcro-enwronment

L my

- ~

D / O / (Reinforced control)
T m t (ﬂ
se -point
C=Co= len\\
ﬁ J_ Teetpo -7 8
set-point , ~
< \ \ b w E m

(C) PECS System




mi RETHINKING THE APPROACH TO THE INDOOR ENVIRONMENTAL CONTROL -1

WHAT IS A PECS (PERSONALIZED ENVIRONMENTAL COMFORT SYSTEMS)?

General and unifying definition of PECS (IEA - Annex 87):

“A Personalized Environmental Control System (PECS) is a system that can provide
individually controlled thermal, air quality, acoustic or luminous environments in the
immediate surroundings of an occupant, without affecting directly the entire space and
other occupants’ environment”.

This definition encompasses a number of previous classifications, like TAC, PCD, PCS, PV,
PTMS.

What characterizes and unifies all these systems is the central idea of directly targeting
the environmental control of the “personal space” instead of the entire built volume, in
contrast to conventional heating, ventilation, and air conditioning (HVAC) systems.
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m RETHINKING THE APPROACH TO THE INDOOR ENVIRONMENTAL CONTROL-1 @

G oot

The new paradigm on which PECS are based is:

“making people comfortable not buildings/rooms”

International Energy Agency
Energy Conservation in
Buildings and Community
Systems Programme

ECBCS

IEA — EBC - Annex 87 - Energy and Indoor Environmental Quality Performance of Personalised Environmental Control Systems (PECS)".
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m RETHINKING THE APPROACH TO THE INDOOR ENVIRONMENTAL CONTROL - 3

=0
e o Ty

h

3 THERMODYNAMIC SYSTEMS {(OR CONTROL VOLUME) INVOLVED WITH PECS:
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mi RETHINKING THE APPROACH TO THE INDOOR ENVIRONMENTAL CONTROL - 4

WHAT SUBSTANTIALLY CHANGE IN THE METHODS FOR THE THERMO FLUID DYNAMIC ANALYSIS?

» With general, traditional HVAC systems, the enclosed space is the object towards
which attention is focused. The HVAC system aims at modifying the environmental
conditions.

» The relevant energy and mass exchange are those with the room environment (AHB).
The comfort conditions are reached by varying the environmental parameters:

AL=(M —W) —|(C* + R"* + C + Rges + E5)|— O

o With PECS the actions are focused towards the human body/skin,

o The relevant energy, mass exchanges are those with the person. Comfort
conditions are reaclf #0 by modulating the energy dissipation of the body
(providing/extracting a certhin “Supplementary Power’, AL* .,) and acting on the
gualities of the inhaled air:

AL =([(M — W) — (C* + R* + Cf. + Ries + E50)]
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mi RETHINKING THE APPROACH TO THE INDOOR ENVIRONMENTAL CONTROL -5

1300

1200

-70.0

-80.0

-90.0

1400 N

<

Heating PECS

Cooling PECS

>

worth of some kW

1
|
1
Lino i T. [°C] RH [%] Var [m/s]
100.0 : 8-32 30-70 0.15-0.90
0.0 : Tor [°C] la [clo]
20.0 1 8.3-34.2 0.7-1
70.0 :
|
60.0 :
50,0 I
1 o
| e An offfice with 2
0.0 : o —UR-s0%
= g — e occupantss
4 10.0 by ! a =0.6 m/s = —
N between 200 — 300
Lo ¢ o WowoBowos ok w18 18 A 2 i \ B Q )
::D:D Operative Temperature [°C] ! R W ((ud@@l]l]v» Wﬂﬁh
i PECS against a
-40.0 1 o o
i typical fan coil
-60.0 :
1
|
1
]
1
1
'

<1000

Example of the Supplementary power, AL"vs operative temperature (1 person), for
various environmental conditions of the background environment (Fanger model).
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mi RETHINKING THE APPROACH TO THE INDOOR ENVIRONMENTAL CONTROL- 6

Example of PECS:

TecHNoLOGY

ENERGY
BuiLbine
ENVIRONMENT

» Two commercially available bladeless fans were tested. The micro-environment for
heating & cooling, and other metrics (nNpgcs and the CP - Corrective Power) were

measured.

» The following threshold values were chosen: v = 0.40 m/s,

T, =22°C

Automatic
positioning
systems
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; mi RETHINKING THE APPROACH TO THE INDOOR ENVIRONMENTAL CONTROL - 7

Velocity micro-environment (“Cooling” /Isothermal Mode):
PECS “A” PECS “B”

With PECS also the Building Envelope must
evolved and adapt to this new scenario
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mi CONCLUSIONS - 1

What does “being imaginative” mean?
From “Blade Runner” — 1982 — Ridley Scott

>
=
v
o
LLl
=
2
-
2
=
-
o
a
o
o
-
LLl
=
O
-
2
o
o
O
-
I
<
N
O
(a8
@
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From “Blade Runner” — 1982 — Ridley Scott
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2 m CONCLUSIONS - 2
What does “being imaginative” mean?
A visionary then went (far) beyond the fiction of Ridley Scott

h

Steve Jobs

1955 -2011

Stay hungry
Stay foolish

Steve Jobs
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mi CONCLUSIONS - 3

Can the Building Envelope Play a role in the energy transition? | think “YES”

» Reducing the final energy uses for HVAC and artificial lighting,
» |In promoting the energy flexibility (space/time),

» Allowing to interface buildings each others and with other energy actors and
infrastructures (Energy Communities, aiding Smart Grids management),

» A lot can still be done by continuing and deepening the traditional and current
research activities (new/improved materials & technologies),

» Technical Standards must evolve and new KPl have to be conceived and used to
support designers in their choice,

» Design methods must keep the pace with the new technologies and challenges,

But all this can only provide incremental innovation and development

To achieve breakthrough advancements we need to be “brave” (and may be a little
“foolish”) and start exploring new, visionary and disrupting solutions.
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territory and protect the land.
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