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WHICH IS THE WEAKEST BUILDING’S ENERGY COMPONENT?




CAN WINDOWS MITIGATE THE NEED FOR AIR CONDITIONING IN BUILDINGS ?
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IMPACT OF WINDOWS THERMAL PERFORMANCES
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EVOLOUTION OF GLAZING TECHNOOGIES
* 1973: Typical Window: i b g

— clear, single glazed, EE U0 N
— double or storm window in north, i
= Uaverage - 4.8 W/mZ-K :' . = ;

* 2003: Typical Window:
— 95% double glazed
— 50% have a low-E coating
— 30-65% energy savings vs. 1973
— U.veree = 2.5 W/m2K

e 2030: Future Window:

— Zero net energy use (typical)
* Net winter gain; 80% cooling savings

e Uaverage = 06 W/mZ-K
— Dynamic solar control

ASTM E971-11, EN 410, and ISO 9050 are the most
commonly applied standards for energy performance
calculation for glazed areas




THE IMPORTANCE OF G-FACTOR

Winter: A double glass with a low-e coating has Ug value of 1.1 W/m?K, if we have 20°C inside and -

5°C outside the house, the heat flow generated by the Thermal Transmittance is 25°C x 1 m?x 1.1, so
27,5W.

Summer: in the worst case during summer, the radiation on a vertical surface can get up to 765W/m?.
This means that if a double-glazed with low-e coating has a solar factor of 60% (or 0.60) the solar
energy passing through that window will be around 60% of 765W, or about 460W.

EXTERIOR INTERIOR

! !‘ Source: GlassAdvisor® / quotes by Luca Papaiz




DYNAMIC CONTROL OF INCOMING THERMAL RADIATION

v'NIR RADIATION ENTERS the

window when T_,,< T_, ort
(winter sunny days /mid-seasons
conditions)

v'"NIR RADATION IS FILTERED OUT

when Tout >Tcomfort
(summer/ hot spring days )




SPECTRAL DISTRIBUTION OF SOLAR ENERGY

VISIBLE : INFRARED

TOTAL SOLAR ENERGY

GLASS WILL ABSORB
TRANSMITTED AND
REFLECTIVE PARTS OF
THE SOLAR SPECTRUM

Depiction wsing
high-performing
solar control
fow-e glass

THE IDEAL GLASS WILL
HAVE HIGH VISIBILITY
AND LOW INFRARED

Wavelength in nanometers



OUR SOLUTION
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(54) THERMO-RESPONSIVE DUAL BAND ELECTROCHROMIC DEVICE

(57)  Ilirelatesto athermo-responsive dual band elec-
trochromic device, which is capable of selectively con-
trolling the amount of sunlight radiation transmitted in the
visible and in the near-infrared regions by operating un-
der four distinct optical regimes, namely: fully transpar-
ent, visible blocking, near-infrared blocking, and fully
blocking. The device can be regulated either by an elec-
tric stimulus, namely by controlling the sign and the in-
tensity of the applied bias voltage, or by a thermal stim-
ulus. In the latter the attenuation of incoming thermal ra-

diation results increased as temperature increases. The
thermo-responsive dual band electrochromic device
comprises a first electrode consisting of a first transpar-
ent conductive substrate (100) topped by a first elec-
tro-optically active layer (103) and a second electrode
consisting of a second transparent conductive substrate
(200) topped by a second electro-optically active layer
(203) separated by a temperature-dependent ion con-
ductive layer (301} consisting of athermo-responsive pol-
ymer gel, an ion conductor and a plasticizer.
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DYNAMIC CONTROL OF INCOMING THERMAL RADIATION

1,2
80 - : ]
9
= 60 - AW 408
[} )\
o
c “\
[
E= 406
£ 40
|
©
— 0,4
20 - .
\\ 0,2
N . ®
NN
0 T T T T 0,0
800 1000 1200 1400 1600
A [nm]
1,8
! - AM 1.5
1,6 - i ——OCP
£ 1,4
[
Q
g 1,2 4
% 1,0 -
[ =
8
- 0,8
£
= 0.6
804
o 7
73]
0,2 -
0,0

10|00
A [nm]

T T T
400 600 800

Cots et al. Energy Efficient Smart Plasmochromic Windows: Properties, Manufacturing and Integration in Insulating Glazing,

I
1200

T
1400

Luminous Efficiency Function [a.u.]

1600

Nano Energy, 84 (2021) 105894

HERE



https://www.youtube.com/watch?v=ZNJ0Z-pm8Cw
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INFINITE PROJECT
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R2.4 ENERGY GENERATION BIPV KIT B R e

R2.1 PASSIVE ECO-COMPATIBLE &
GREEN ENVELOPE

a flexible and
robust window
integration

R2.3 SMART WINDOW KIT

Sensing, autonomous and dynamic
smart glazings

\ “
z
HP

DHW
R2.2 ENERGY AND FRESH AIR DISTRIBUTION aBvs TRADITIONAL ENERGY SYSTEMS
ENVELOPE KIT R3 ADAPTABLE BMS AND OPTIMIZED RENOVATION

CONTROL STRATEGIES



INFINITE SMART WINDOWS KIT

INTEGRATED SHADING
e The kit as a whole proposes a
j ) unique combination of:
' 1. easy retrofittable
Mnom;:: glazing, with interoperable
controllers for advanced shading
I systems
MGHPERFORMANCE PV AND MONITORNG 2. a SMART DYNAMIC
oo GLAZING solution able to
maximize the daylight and
SWITCHABLE PLSC protect from the solar radiation
LT e 3. a robust standardized
Aot s interface between the new
CONTROLLED and the existing window
li perimeter, assuring durable
oo N wroe --—«5 LETET ® ™ PHYSEE RUBNER ™

Rt INFINITE/Industrialised durable building envelope retrofitting by all-in-one interconnected
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PLASMOCHROMIC MODULES MANUFACTURING & UPSCALING

1 ITO glass

Ag / Al pad

— - counterelectrode

/ » Gel
P Electrolyte

YA/ 4

PLSMC electrode *}w;ﬁle;; ﬁﬁ‘_ff
Ag/Alpad | —

ITO glass

SPACER LOW-E COATED
GLASS

PLSMC MODULE
PVB LAYER
HEAT-STRENGHTENED GLASS



PLASMOCHROMIC MODULES MANUFACTURING & UPSCALING

12x12 cm?

A

45x50 cm? 70%x130 cm?
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30x30 cm?
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Wavelenght [nm]

Maximum Optical

0.1% < Tyg < 74 %

Modulation 5% < T yy < 72 % (EN 410)
Spectral Toum/TsoL > 1.5 (in COOL
Selectivity MODE)

Switching Speed

Teoleoonm < 3mMiIn
Tbleach,GOOnm <10min

Tcol,1500nm < 1min
Tbleach,1500nm <15min

Abs. Power
Density

< 500 MW / m?2

Electrochemical
Stability

> 10000 col/bleach cycles at RT

Thermal Stability

> 500 cycles at 85°C and 40 %
RH




INFINITE SMART WINDOWS KIT
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Smart Window Frame Assembly

item Part List

1 SmartWindow assembhy
2 SolarModule

3 SensorModule

4 16 mmwarm edge spacer

Kindow blinds

* X ok
* *
- -
* *

* 4 *

Sensors

S

IGU spacer

AN

Solar cells

One-size-fits-all module that can be
added to any conventional Insulating
Glass Unit (IGU) during
manufacturing

Integrated light, temperature,
pressure, humidity sensors powered

by solar cells

Wireless (LoRaWAN) communication
of all sensor data to a central
gateway

T~
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TOWARDS IOT-DRIVEN ACTIVE CONTROL OF SOLAR RADIATION

Sensor _ ,. _ Sensor

. ~§--- Controllable ~~F ~~ .S HVAC
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_ Utility
Demand Signal
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M. Konstantoglou, A. Tsangrassoulis, Dynamic operation of daylighting and shading
systems: A literature review, Renewable and Sustainable Energy Reviews, 2016, 60,
268-283.




WINDOW’S CONTROL UNIT INTERFACE WITH BMS: FUNTIONAL SCHEME
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vewrse || M0 | WINDOW’S CONTROL UNIT INTERFACE WITH BMS:
FUNTIONAL SCHEME

Window-wall Frame

Window PLSMC
Frame actuator
(e
W\ Existing grid
PLSMC
Control Unit
IGU
5
N
< Indoor
Outdoor = Luminance
& indoor
sensors
BMS
Window
Frame HVAC SENSORS

Window-wall Frame

#3

Existi
‘ New facade H XISting
wall




THE IMPORTANCE OF CONTROL: EXAMPLE OF PREDICTIVE ALGORITHM

Table 10
Summary of control parameters.

Parameter

External temperature threshold
Lower temperature threshold, T,

Upper temperature threshold, Ty
Minimum irradiance threshold,
Gmin

Occupancy

Maximum irradiance threshold,

Gmax

Darkest
state

Tmax

Tint3

Tint2

Tint1

Tmin

Gmin Gintl Gint2 Gint3 Gmax

- r

-

Dark State

Int.1 State

Int.2 State

Int.3 State

Int.4 State

Int.5 State

Int.6 State

Clear State



THE IMPORTANCE OF CONTROL: EXAMPLE OF PREDICTIVE ALGORITHM

Tmax
.- - ‘.-..-
Tint3 Tint3 N
Tint2
- - ..-
Tintl Tintl T'I' ntl
. " ..-
0 Gmin Gintl Gint2 Gint3 Gmax 0 Gmin Gintl Gint2 Gint3 Gmax G
g-value g-value g-value g-value g-value g-value Tiom Toum TLum Twm Tium Tium
min Int. 1 Int. 2 Int. 3 Int. 4 max min intl int2 int3 intd max

0 Gmin Gintl Gint2 Gint3 Gmax



TOWRADS AN INTELLIGENT SELF-RESPONDING BUILDING SKIN

OBJECTIVE

PERFORMANCE

VISUAL
COMFORT

THERMAL
COMFORT

\
TECHNOLOGY ENERGY BUILDING ENVIRONMENT

GLARE
CONTROL

_{ DAYLIGHT
CONTROL

THERMAL
CONTROL

PARAMETER / SENSOR

| (A

DISCOMFORT

GLARE INDEX

(DGI)

DAYLIGHT GLARE
PROBABILITY
(DGP)

Tem
b‘ SUN POSITION

WINDOW
LUMINANCE

VERTICAL
ILLUMINANCE

SOLAR RADIATION

SCHEDULE

HORIZONTAL
ILLUMINANCE

LoADs

PREDICTED LOADS

OCCUPANCY

INDOOR OPERATING
TEMPERATURE

=
=
=

TRANSMITTED HEAT
FLUX

AR TEMPERATURE | & 4

PERCENTAGE OF
PEOPLE
DISSATISFIED
(PPD)

OBJECTIVE

EDLIGHT\NG

PERFORMANCE

( ENERGY

EDHEATING

EDcooLing |™=

| PERFORMANCE

n° - experimental assessment
n* - heat flux calculated on the basis of forecast external
air temperature and Radiation

Favoino F., Jin Q., Overend M., The optimal thermo-optical properties and energy saving potential of adaptive glazing technologies.
Applied Energy, 2019, under publication.
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Thank you
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