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Prelude : The Big Picture



The “Big Picture” (1)
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The “Big Picture” (2)

* In order to produce, «|n order to “make °In order to “make
transport, and use

energy we have to stuff,” you need: stuff,” ina

“make stuff” . space, sustainable way
* Energy : -
production * energy e Sustainability of
* Cables, pipes * raw materials resources

 Storage devices

» Manufactured * Impact on the

goods environment
° ﬁ“;'t'l‘i';'t‘i%ﬁ“d * Contribution to

materials global warming



Decarbonize the heat
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Monitor the heat source
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Minimize the carbon footprint of
the « hole fillers »
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In France , Building
represents44% of energy One
can decrease by 80% energy loss
in buildings by a proper heat
management( thermal insulation
and windows)

If one decreases by 10% the
energy consumption, it it is
equivalent to 7 Nuclear
powerplants...it can be done in
10 years, with existing
technologies and materials
which are locally produced and
implemented

The production of glass,
plasterboard, insulation
materials, can be at least
partially electrified and
decarbonized in the coming
years
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Minimize Heat losses



Thermal insulation for energy savings

Air renouvelé 20 %

Toiture 30 %

Murs 25% <

| = | & Vitres 13 %
== l

=

Ponts thermiques 5 % W
s

Sols 7 %

Source : FILMM
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Quantitative diagnosis of building performance

Evolution of temperature and power

P . o
Day 1 Sunset Day 2 Sunrise

Faster / better in situ diagnosis?

Also for acoustics, humidity

QUB test heater
(connected to kWh
meter)

https://doi.org/10.1016/j.enbuild.2020.110540
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Principle of thermal insulation: air (or gas) trapping

A [mW.mL.K1] at 10°C
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Silver 430000
Aluminium | 220000
Steel 50 000
Ice 2 100
Water 600
Air 25
Argon 17
CO2 16
Pentane 13
CFC 10
Krypton 9
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Super insulating materials at affordable cost?

Relative price

10 100
Pressure (torr)

B Cheng et al., ACS Nano 2011

https://doi.org/10.1021/nn204072n  SANT-COBAIN




@W to describe multiscale materials?

Sauret et al. EPJE 2015

Thermal transfers,
S 5 coustics, mechanics

Cassegrain | 3 |
objective

y
dhomt Tk

amplifier

+*
"~ \  Demodulated
Signal

Link with microstructure
and process

y
S7%(x)

Kallel et al. 2019
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THIN FILMS FOR THERMAL INSULATION

Radiative exchanged through glazing
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ACTIVE GLAZINGS: HOW TO ACHIEVE MODULARITY?

SageGlass




Decarbonizing products



High-temperature processes

Kiln Hoad Flame Tyre

= : —
4 1\ —
: M:::Eﬂler) 1 tf@oh:é, Stael Shell Fm:;k
0.9 kg CO2 / kg cement 1.8 kg CO2 / kg steel 0.6 kg CO2 / kg glm
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FLOAT GLASS PR GLASS PLANT 2020 OVERVIEW: ENERGY & RM CO, IMPACT TODAY (SCOPE 1, 2 & 3)

Float line 600 tpd : ~21 Mm2/y _)L'_
@ Gas = 361 000 MWh/y = 71 kt CO,/y Lami line : ~4 Mm2/y
if Elec = 23 000 MWh/y = 9 kt CO,/y 111 kt CO,/y @ Gas = 3000 MWh/y = 1kt CO,/y
i RM @ 30% Cullet = 31 kt CO,/y _)( Elec = 6 000 MWh/y = 2 kt CO,/y

Scope 3 Soda ash prod

ovb : 15kT CO2/y

= 35 kt CO,/y Scope 3

Coater line ~8 Mm2/y

= LEFOUR : ELABORATION DU VER? O Elec = 10-18 000 MWh/y = 4-7 kt CO,/y

e
!DDDOODQQ =+ v » (7

A 2000 Tonnes de verre en fusion

A Une tirée pouvant atteindre 750 tj
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Sand Sodium Limestone Others
carbonate Energy  glass co,
SiO, Na, CO, CaCo,
700 kg 250 kg 200 kg 50 kg 1000 kg 180- 200 kg

Silica (SiO,) + Carbonates +&¢ = Silicate + CO,

Chemical Reaction : corrosion of the sand grains / melted carbonates

70% Sand + Carbonates mmmmmpp silicate + CO2
1700°C 800-900°C

Can we
replace
carbonates?

Can we heat
ina
decarbonated
manner ?

Can we use
recycled
glass?



Decarbonated
heating




Minimizing waste heat

Air Q Loss

| . Fumes
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Alternative raw materials

A Si0,

Polymer type:
Functional group

m_--"' B, Local bonding properties
Glass transition temperature (T,}
Curing agent

- ~
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tobermorite-like
jennite-like C-(A-)S-H

C-(A-)S-H

wt%

10-//
0 T T
0 10 20 Molecular struct
CalSi ratio
Water content
Cleaving pi:

Thermodynamics,
Atomistic simulations,

Portland cement . . .
Materials informatics,

Al,O4 Characterization

Ca0 fine limestone

https://doi.org/10.1016/j.cemconres.2010.12.001 Lothenbach 2011
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Float glass furnaces: from gas to electricity

Temperature (°C)
1100 1150 1200 1250 1300 1350 1400 1450 1500
N 1

(il 5,.:“.:1“\1“\ IJ::__ ‘

800 850 <900 950 1000 1050
v |l WL T

mm/s)
35 3 25 -2 A5 1 05 0 05 1 15 2 25 3 35 4 45 5

10.2320/matertrans.M2019044 Multiphysics: combustion, fluid mechanics,
10.1111/ijag.12286 chemical reactions, ...
Multiscale: bubble size to furnace size

How to accelerate simulations ?
How to make accurate predictions from
approximate models?




Electrification of processes



EVOLUTION VERS DES FOURS BAS-CARBONE

Fours électriques

Nécessité d’'une électricité verte

Emission résiduelle par la composition : hausse du calcin

Points majeurs

= Aterme, 100% des fours a électrodes plongeantes (EHS)

= Duré de vie trés sensible a la tirée spécifique et au %calcin

Durée de vie fours électriques = f (tirée spécifique, % calcin externe) o panh
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CAVEAT!I

* Glass furnaces are Continuous processes h24

* Power breakdown is a major threat
=> Above a few hours, heating via a safety burner is no longer efficient

* Emergency provision lines will be a problem: availability?
Dimensioning?
* Electrification may makes sense if

* Electricity is decarbonated
* Electricity provision is stable




Conclusions



Thermal management of buildings is a major

Decarbonize the heat Electrification of heating, contributor to economy decarbonation
source < decarbonization of

electricity sproduction
No matter the way one produces energy, or the

cleverness with which it is used , a prerequisite is NOT
TO WASTE IT

Monitor the heat source

@ation ofen@ Building thermal management efficiency is possible

with technologies already available, and always

. progressing, which can be produced by national
Thermally efficient . . . . T .
buidings/ R enovD industry. Contribution to Reindustrialisation

= L= Minimize the heat losses The emphasis should be on renovation

production of glass, plaster, insulation materials, can
be at least partially electrified and decarbonized in
the coming years

Minimize the carbon footprint of
the « hole fillers »

CO2 efficient processes
> DECARBONISED AND STABLE ELECTRICITY IS A
PREREQUISITE FOR INDUSTRIAL ELECTRIFICATION




