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Glass Service Group — Overview

GLASS SERVICE
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Glass Service Group In Numbers

GLASS SERVICE

32 years ago was the first seminar on furnace design | o
33 years ago GS started its journey ~
35 GFM Licensed companies using approximately 1000 Solvers v

36 Million € annual revenue

110 Employees
140 Furnace NIR Cameras with Al BMS Segmentation software

400 Expert System lll Furnace installations
800 Customers
1.000 Furnace design studies executed with GFM (by GS)
1.600 Furnaces data in our energy benchmarking database
5.000 FlammaTec burners installed
11.500 F.I.C. Electrode Holders installed
30.000 Glass defects analyzed
70.000 Tons of raw materials shipped each year IR b e D UL




Glass Production Challenges - Overview

GLASS SERVICE

Glass Products
Float glass: architecture, automotive %
Container glass: bottles, jars, drinkware
Fiber glass: insulation, reinforcement ~ F= 58
Borosilicate glass: cookware, labware bl .i |
Lead glass / crystal: decorative holloware ; .

Chemically strengthened: Gorilla
Etc. '

Glass Production
Very high energy consumption
High pollutant production

— CO, — combustion + batch melting
— NO, — high temperature flames

High temperature process
— Limited maintenance during lifetime

— Difficult measurements
— Limited inspection inside furnaces

Demands
High quality for low price - 1
(optical clarity, durability, strength, &
safety, chemical resistance, etc.) ’

Demands
Decarbonization
High energy efficiency
Low energy consumption

Furnace design optimization, alternative fuels, energy sources and materials,
recycling, process innovation, advanced manufacturing technologies,
emission control technologies, automation and digitalization

\ 4
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Glass Production Challenges — How Can GS Help ?

GLASS SERVICE

 Analysis, Control, Improvements using

— Control system (ES Ill) + NIR camera +
batch monitoring system

— Laboratory measurements (defect analysis,
melting tests, corrosion tests, glass
properties, etc.)

— High temperature observation (HTO) of
processes in molten glass

— Mathematical modeling (CFD) — GS GFM w»u__-____v_,___F"e’-"""fe system
— . [ savpom o) ML WA B | ]
Physical modeling (rarely used nowadays) AR A A e |

ES 1™ control

Mathematical
modeling




Glass Furnace Model (GFM) — Introduction

GLASS SERVICE

« Glass Furnace Model (GFM) is a software package for 3D mathematical
simulation of glass melting furnaces and their parts
— Melters, refiners
— Working ends, distributors
— Forehearths
— Regenerators
— Tin baths (Tin Bath Module (TBM) extension)

« What is furnace modeling good for:
— Getinsight into processes in glass furnace .
— Test ideas to optimize furnace efficiency, performance and/or lifetime
— Test furnace operating strategies
— Find good tradeoff between glass quality and energy consumption
— Help operators understand their furnaces

* No need to interfere with production, no risk of furnace damage




GFM - Features And Capabilities

GLASS SERVICE

Simulate what happens in a glass furnace:
— Temperature, velocity, gas composition and other variables at any point of combustion space
— Temperature, velocity, electric potential, current density and other variables

at any point in glass and batch
— Temperature at any point of refractories, insulations and other solids

« Simulate all common features of glass furnaces:
— Batch melting, electric boosting, stirring, bubbling, cooling
— Firing (gaseous and liquid fuels), oxy boosting, staging, air cooling
— Regenerators / recuperators
— Common control strategies (PID)
« Predict steady state (at constant operating parameters) or how the state develops in time
(transient, time-dependent models)

« Provide insight in distribution of temperatures and other scalars and in glass and gas flow
(visualization, particle tracing, statistics)

« Predict glass quality — how good is the furnace in removing bubbles, solid particles and
Inhomogeneities

* Provide information on energy consumption, heat fluxes and losses
« Predict formation of pollutants, calculate evaporation of volatile species




GFM = Limitations

GLASS SERVICE

Multiphase flows
— There is no gaseous phase (bubbles) in glass melt which is considered a pure liquid
— Needed in models with high volume fraction of bubbles

« Radiation in glass

— Heat transfer calculation in glass melt uses effective thermal conductivity approximating radiation
(Rosseland approximation)

— Needed in models with ultra clear glasses
* Low-Re and laminar flow in combustion models
— Very fine grid is required
— Needed in detailed simulations of regenerators
« Batch melting
— Batch chemistry is simplified
* GS long-term experience with
— Modeling studies (total number 1000 !)

— Running and tuning simulations
— Interpreting their results

IS used to minimize the influence of limitations




GFM — Modeling Workflow — Preprocessing

GLASS SERVICE

Features integrated in Preprocessor
— Geometry / design
— Material properties

— Glass properties
* GS measurements
« Composition based
calculator
— Boundary conditions
« Burners and ports
« Batch charging
» Bubbling
* Glass exit (pull)
* Ambient space
— Physical properties
» Coolers (heat source) Z
* Electrodes’ connection T\"{
» Stirrers’ parameters
» Porous wall parameters
— Grid / mesh

* Unstructured / structured
« Controlled by few parameters, Automatic

h CAD » fu Materials

Boundary condition type | GM glass outlet -

Apply to

Glass

Energy

Energy BC type | Zero conductive flux ~
Floww

Flow BC type | Flow rate, free in direction of normal w

Flowrate C) o |-120 t/d [7]

Usage

Used in 2 objects

Glass_Output_L
Glass_Output_R

€ Add [fj Remove [ Edit &1 Import k! Export... #[§ Export to GFM 4... 53 Compare

-

Type  Mame ... Defined ... Coler Manufacturer
W AZS 34 p,Cp, b, 0, E | ]
o AZS 40 p,Cp, A, o, E
A Batch_new o p,Cp, by 0, 5 Qr, t | ]
m  Checker material p,Cp, A, o, E
! Container - Flint D 0, M AT E
= ER1681 p,Cp, A o, € [ ]

Ed‘ Foam D P, Cp Ao, E _

= Insulation 1 0, Cp A O E ]

m  Insulation 2 P, Cp Aoy _

= Insulation 3 0, Cp A O E ]

m  Insulation 4 p,Cp, A, o, E

== Incilation © o b I 0000

Value

Zhysical properties:

T Density (5)

4090 kg/m?

Y Spedific heat capadty (3)

IFCTTKT) = 691.374+0. 173606™T [3/{kg K)]; Trange=<300,2000 K

TR Thermal conductivity ()

[FCTTKT) = 7. 15583-0. 00680089 +3.456 79E-6"T~2 [W/{m.K)]; Trange=<300,2500 5K

TR Electric conductivity (5)

FTIK]) = exp(4.05923-6489.7/(T-81.2513)) [1/{C.m)]; Trange=<300, 2500 =K

T Emissivity

0.8




GLASS SERVICE

GFM — Modeling Workflow — Calculation

Different phenomena and regimes are simulated using 3 solvers

— Combustion model solver: chemistry (combustion), heat transfer (radiation, convection, conduction), gas

flow (turbulence), porous walls (regenerators), pollutants (NO,, NaOH)
— Batch model solver: motion, chemistry, heat transfer
— Glass model solver: glass flow (bubbling, stirring), heat transfer, electric boosting, foam

Coupled calculation: simultaneously running solvers exchange data on their mutual interfaces

Parallelization: OpenMP shared memory multiprocessing is used

|| Monitor - [D:\Model\Example Models\Float\Float 4.24 [ BM-based\GM\grecammended.mnt]

4y Float (D:\Model\Example Models\Float\Float 4.24 L BM-based\CM); Iter. #3232; Ready - Combustor - [m]

File View Priority About Combustor...

OCa\ch

Parameters

Input " FA5calat™ 4 Heat
Table = Bal

ped

7 Teiniets™ & post | & Misc

= = 5
e | donemisey | [\onverd GRMRS " Sediies | £

File Edit Vitreous Options Settings Window Help

Model: Float [D:\Model\Example Models\FloatyFloat 4.24 LBM-based\C)
Iteration: 3232
Status: Ready

Convergence criteria Time statistics
Tolerance  Cunent value
Since reset (last 3228 iterations). ~
Temperature residual [K] oot 0.000261066 Ok
o Duration: 21 hr 49 miny
Heat balance enor [% of source] 01 0.0124443 Ok SR
Velocity residuals [m/s] 0.0001 459825c 007 OK e Gl e e ity
354305 Rerations per day
Cantinuity emor [%] 0.01 0.000163921 a4
Temperature: 163359705 2079 %
Species residuals [ka/ka] 1e-005 4737232008 Ok Fradiation 188682316 2021 %
. 2, Welocities: 16E6B.634s 2121 %
C. H outin ermor %] 1 0.00350243 QK Torbulenee: 601527 e 3%
0 out/in enor [%] 1 0.00203053 oK Chernistry 14945753 1902 %
o, Deensity: 10.M3s 523%
M out/in emor [%] 1 0.000677093 Ok Coll s 0000 Do %
i 3 Post-processors 0.000 5 0.00 %
Coupling fluses difference [%] 05 0.333924 Ok Dick wite: 479905 5 08 2
I~ Stop computation when all criteria are satisfied for |5 iterations W
Digplay histary from iteration # |1 Maw. last iterations | 10000
1
05
Tolerance|
|

Log( current/tolerance )
)
o

o

bl oA ARG

2
200 400 (=001} 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2300 3000
Iteration
. T . I Spec I 3 Coupl
I HEal = Con I CH s

Ready

3200

= == = R RN A N = =<
Termperature E HeatBalance Errar E
1312z |
— n.og
) 13118 )
m m
ERE I 004
5 z
= 13113 i
6000 12000 18000 24000 6000 12000 16000 24000
Eatch Yalume E
10.7963 |
— — 0oos
= 107962 &t
£ my
o 107362 z 0004
=] o
= 107981 o TTHTYS e L
5000 12000 18000 24000 ] 12000 16000 24000
Iteration 25000, criteris evaluated for most recent 5000 iterstions.
Color | Mame Description | Walug | Units. | Min Max Stability type | Variance Stability limit | Stable |
— TBAVE Awerage batch temperature 414336 [Tl 414043 414 467 Value 0424154 15 Yes
v=— TGAVE Average glass temperature 1311.56 [Cl 13115 1311.56 Value 0.053082 025 es
—— ERR-COUPLE-CM  Coupling heat fux error [CM) 0288062 [%] 0286775 0236289 Errar 0003s1ast 08§ Yes
v— ERRHE Heat balance errar 0.0145707 [2] ooz 0.m73373 Error 000699612 01 es
v—  V0LB Batch volume 10,7962 [m3] 107362 10.7962 Yalue as Emar 0 0.0t Yes
— [CBAVE Average batch continuity enor - 000133613 [%] 0000371128 000223512 Eror 000186333 0.05 es
v— [GAVE Avwerage glass continuity emor - 0.000303838  [%] 0000395395  0.000578084  Eror 0.000192669  0.005 es
Ready NUM




GLASS SERVICE

GFM Development — Recent New Features — DEB

DEB — Discrete Element Batch, particle-based model of batch motion

Each input component transforms to one or multiple product components (open, refinable system)
Heat transfer (conduction, radiation) is calculated in each 1D element

“Product outflow model” determines production of batch gases and liquid glass melt

Powder batch

Cullet

H,0O (L)

SiO, (Sand)

Na,CO,

Other raw
materials

Na,SO,

Cullet

HO (L)

Cullet melting

Evaporation

Il

‘ Refinement

Silica melting
Soda decomposition

Soda decomposition

Na,SO, dissolving

Cullet melting

1

Evaporation

Cco,

Glass melt

H.0 (G)

Dissolved SiO,

Dissolved Na,O

co,

Primary melt

Dissolved Na,SO,

Molten cullet

H,0 (G)




cs GFM Development — Recent New Features — DEB

GLASS SERVICE

Time-averaged data are provided to combustion model and glass model
Interaction between batch elements and flow of combustion gases and glass melt is considered

Calibration is required to for parameters having the strongest influence on batch coverage, motion
and heat transfer




GFM Development — Recent New Features — Bubbling

GLASS SERVICE

« LBM (Lattice Boltzmann Method) based solver was used for detailed simulation of bubbling
« Comparison with physical model for validation
« Glass viscosity, glass depth and bubbling gas flow rate were varied to cover production ranges

Comparison with
physical model

Glass temperature: 1250°C
Flow rate at 20°C: 0.0075 m3/min




GFM Development — Recent New Features — Bubbling

GLASS SERVICE

« Time-averaged force evaluated in detailed models is used in calculations of full models =
computational cost reduced

Bubbling force magnitude
-8000 -7600 -7200 -6800 -6400 -6000 -5600 -5200 -4800 -4400 -4000 -3600 -32|UU -ZSICID -24ICIU -ZUIEIU 1 EzIEIU -1200 -800 -400 a

Detailed Simulation Approximation Model Glass flow around bubblers in a float glass furnace (color shows bubbling force magnitude)



GFM — Modeling Workflow — Postprocessing — Visualization

GLASS SERVICE

« Visualization: 2D pictures and animations for detailed insight and general
overview

' ~1183 *C| ‘

= 1093 C

Temperature [*C]

180 270 3E0 450 540 630 ?%EI 1030 A ?"D 1 EED 1 350 1 440 1530 1620 1710 1800

Heat fluxes [w/m2]
EDDDD 42500 35000 -27500 20000 12500 -5000 2500 10000 17500 25000 32500 40000 47500

Flame luminosity [w /m
6500 8000 10000 15000 20000 30000 40000 50000 70000 100000 150000 200000 300000 500000

Temperature, flame luminosity, and heat fluxes to glass in a flat glass model



cs GFM - Modeling Workflow — Postprocessing — Visualization

GLASS SERVICE

* Visualization: 3D pictures and animations
for both overview and insight

Glass flow from melter to working end, mixed by stirrers




GFM — Modeling Workflow — Postprocessing — Evaluation

GLASS SERVICE

s Float (D:\Model\Example Models\Float\Float 4.24 LBM-based\(CM); Iter. £3232: Ready - Combustor — O X

 Heat balance: combustion space, batch, |:. v s socomuse.
. C)Calcui3 Pgrgmeterr: ?2%'@”6 igglgtnc:
g I aSS ! SO I I d S Model Flaat [D:\MaodehExample Models\Float\Float 4.24 LEM-based\CM]
Iteration; 3232
— Heat fluxes and sources / losses (water

BC | Plane | tueamz]| Flow [kads]| Vel [més]| Adv. kw]| Rad k.. | TrCl] Twrcl]  Fuel| Dwid 2] A

s | =EHinlets™® 5 . Post ™ Pligcrt
EChemlS‘tl’Y CONEI | mehon Benteee ,E?o Infa

cooling, air cooling) - 5 ; e T——
4 Port2 [2) 1.8485818 AEFIET 1059 7430667 -230.757 1560 13582 0.0000 0.0000
5 Portd [2) 1.848818 -3.404629 995 -BB33.7I3  -238.483 1561 1382 0.00m 0.0000
° I I t / tI t . b p t h t E  Fotd(2) 1600044 2061518 BE3 3953142 117373 1487 1377 00000 00000
n e S Ou e S' urners’ Or S’ eX aus S’ 7 Pg:t5[2] 1.8485818 2811161 794 B424.847 142045 1457 1379 0.0000 0.0000
g Port1 (1) 1.842878 2.183800 7.BE 4522816 2712 1267 1333 0.0000 0.0000
b atCh Char ers IaSS u” 3 Potz(l) 1843312 3189799 773 4661352 9693 1303 1341 00000 0.0000
g ] g p 10 Port3 (1) 1.848818 2967259 730 4415876 99534 1325 1345 0.0000 0.0000
1 Paortd [1) 1.600044 1.780359 487 2517472 -88.448 1264 1333 0.0000 0.0000
12 Port5(1 1.848518
—_— Temperature energy fIOW rates 13 GD‘;S”[]] 0.001764 JElectricBoostingOutput.txt-Notepad — O e
. ! ! ! }g EEEE} g-gg};gj File Edit Format View Help
CompOSIthn 1? g:z {;} ggg};gj ELECTRODES - EFFECTIVE VALUES "
. - 13 g:z{% ggg};gj Eld # | Tfm # | Re[V IPOLENEA;S Abs[V] | Real[a] I CUERE::T d Abs[A |PgwEEw(CEHEEFEE') | sim2] |
« Electric boosting: electrodes D oald onoeg | 2 LT " e Relv) In0V) Fides) Avelv) | Reml(a) Ineg(a) Fildeg) ba(a) | Reled Infed | ste2) |
1 21 Gas(9) 0.001024 1 1| 155.8 3.4 1.3 155.1 | -414.99 148.73 160.3 440.84 65.71 -23.55 | @.2184
37 Rac (MM 1A 24 2 1 -3.3 161.8  91.2 161.8 35.75 -531.14 273.9 532.34 84.11 5.66 | @.2184
transformers Fortl @ 21 1] S33-1540 2688 15400 | -151.36 41773 10900 44436 | 6695 23.97 | 0.0184
5 2| 186.7 4.5 1.5 166.8 | -442.16 163.62 159.7 471.46 75.62 -27.98 | ©.2184
. . ﬁfelal_?ﬁ[]i” é-g?gg}? 6 2 -4.3 175.5  91.4 175.5 37.95 -577.89 273.8 579.14 98.83 5.49 | @.2184
2I0C) mesf 5 - - -
— Voltage, current (density), resistance, sty o L3 el men oy om owml n gnl o
E:Ex{hﬂ%{i}] 138‘3;%18558 9 3 159.2 3.8 1.4 159.2 -468.66 148.91 163.8 481.72 74,92  -22.92 8.2184
power (Joulean heat), Lorentz force ey SRR m) )20 e gdmn) b omm oo omn) e Gn) o
E:ow {ngi:h,;!i]c]: -1203504830.534 12 3 -3.5 -158.8 268.7 158.8 -178.83  489.38 109.2 518.88 79.59 27.65 8.2184
. oy [Nm3is.diy): s (electrodes 13-38 not listed)
Ad kW] B G 7 O
¢ B U b b I I n g I:ic‘i\él.iac‘ictitIDDrT[L\f\-’]i] 17231 654.98  2500.81 .82
TRANSFORMERS - POWER DISTRIBUTION
Eld.Range Total real power[kW] Average Total current [A]
- = = Tfm # | Coil | Min - Max |  Actual Required | Pct [%] | current [A] | Real Imaginary | Err [%] |
« Evaluation can be done / statistics can be
required information .
< >
Ln 82, Col 112 100%  Windows (CRLF) UTF-8




GFM — Modeling Workflow — Postprocessing — Quality Indicators

GLASS SERVICE

« Particle tracing: the basic idea is to calculate trajectories of particles in glass melt velocity field
and evaluate variables characterizing glass along the trajectories e e

» Massless particles just follow glass flow and are used to calculate S i "”if\ 8 \\
. . . .
glass quality indicators LT

— Bubble growth index: “how good is glass at removing bubbles” ¢\ \ L
¥ S G A N

— Sand dissolution index: “how good is glass at dissolving sand grains” . =

DU e e T e

— Mixing index: mixing capabilities of glass, e.g., cords T

\\\\\ Least 0.1% Least 1% Median Averal Std. deviation

ge
Residence time [hr]: 1.45545 2.08776 3.1242 23,1075 314917 27.2623

— R eS | d e N C e tl m e d | Strl b u tl O N Sand dissolution index: 1.43874 2.24354 3.37352 29,9931 41,4018 36,9824
Bubble growth index: 1.41559 21732 3.32184 30.0456 41.515 37.1588

Mixing index: 1.29238 2.70493 3.68029 47.3725 67.2386 £3.6302
. . . Melting index: 724338 1.1385¢+06 174242 +06 145482407  2.01904e+07  1.78737e+07
° GI I .t d .t .t b I t th d Fining index: 330642 456466 637945 7.48607e+06 1044292407  9.56713e+06 (1400
aSS gquality Inaicators are not apsolute — tney are use
to compare various cases of a model - | | ]
Residence time distribution ;I ™ cumulative Chart column width [hours] I 1
5 2 i
850 Lo g & s
800 - E &
M ]
750
700
850
500
550
=
3500
2
@450
K]
400
m
B350
300
250
2001 [
150
100
50
O L L L I L L D L T ]

0
0 4 8 12 16 20 24 28 32 3% 4 44 48 52 56 60 64 68 72 T5 80 &4 88 92 96 100

Trajectory with least bubble growth index Rloee e



GFM - Modeling Workflow — Postprocessing — Bubble Tracing

GLASS SERVICE

« Bubbles from batch melting and refractories are typically simulated using either experimental
bubble growth model (bubble growth speed is measured in laboratory as function of temperature)
or using redox model, to see what percentage reaches glass output / exit

AZS refractory bubbles in a container glass furnace



cs GFM - Modeling Workflow — Postprocessing — Sand Tracing

GLASS SERVICE

» Dissolution of sand grains released from batch is simulated using either three stage dissolution
model by Hrma and Némec or using experimental growth rate model (sand dissolution speed is
measured in laboratory as a function of temperature) o Cowhmeld

TIK]

Sand grains dissolution in a container glass furnace



GFM Application — Waste Vitrification

GLASS SERVICE

« 3 modeling studies of waste glass vitrification melters calculated with GFM in GS

* The first one: Slurry-Fed Ceramic Melter
— Simulation included precipitation, growth, dissolution, motion and settling of spinel
— Settling of RuO, was simulated too
— Glass properties were functions of concentration
of solid particles and temperature
— Heating: 3 block electrodes, 4 lid heaters
— Output rate: 45 kg/h




GFM Application — Waste Vitrification

GLASS SERVICE

 The latest waste vitrification
melter modeling study (2018)

Output in
plenum space

— Slurry feeding from vertical tube —
i Openings in
— Heating: 3 block electrodes slurry above
— Output rate: 50 kg/h bubbling
Cold slurry
water
evaporated Glass level
from slurry
surface
Side electrode Side electrode

Bubbler

+ Bubbler

Bottom
electrode

120 180 240 300 360 420 480 540 600 BED 720 7?0 81110 9?0 9?0 1020 1080 1140 1200




GFM Application — Waste Vitrification

GLASS SERVICE

* The latest waste vitrification melter modeling study (2018)
— Slurry feeding from vertical tube
— Heating: 3 block electrodes
— Output rate: 50 kg/h

Slurry feeding and glass flow Joulean heat iso-surfaces and electric current streamlines



GFM Application — GS H?EM Concept Furnace Design

GLASS SERVICE

350 TPD concept design
80% renewable electric melting
About 60 electrodes providing approx. 6 MW energy
Natural gas / oxygen burners (NG could be replaced by hydrogen)

Such concept in currently being realized in EU (4 MW already exists)



GFM Application — GS H?EM Concept Furnace Design

GLASS SERVICE

« 350 TPD H?EM concept working in 80% electric mode (left) and 15% electric mode (right)

—
80% 2.5 MJ/kg

15% 3.0 MJ/kg
>

DO O 6

(O
@l
©
©
©
o

80% electric mode 15% electric mode




GFM Application — GS & LMFV Cooperation

GLASS SERVICE

\

« Optimization of LMFV ( Base Case : Our Furnace in 2018

(La Malso,n Francgaise
du Verre)'s furnace | ‘ ‘

From 2018 to 2022 : Partnerships for a new design

1 t 2 | Lowering of the crown 3 4

 Presented on 16th sy
International Seminar
On Furnace Design — |& — — ‘ :
. Boosting optimization n°2 5 [ Front wall optimization 6 | Mix of all solutions n°1 71N falls S 8
Operation & Process ||
Simulation, Velké [y
Karlovice, Czech e
; '~ 6 Oxy-Gas B : i- 2 Oxy-Gas B i
Republic, 2023 . SRowsof Flectrodes | |- 2 Rows of Electrodes |
I- Separating Crosswall E E_—__l\fl_az(_[e_n_\B :1550°C | -
""""""""""" - The Result : Our Furnace in 2023
Max Pull oms'm:: 60 vd | Welting Bath] Max Pull (Borosilicate) = 160 t/d
Average Cullet =25 % R

— Refining Bath Average Cullfet =25 %

Natural Gas (Fossil) 475 kWh/t (Lhv)
Electricity 687 kWh/t

CO, Emission <157 kg COZeZ:

Glass

Natural Gas (Fossil) 620 kWh/t (Lhv)
Electricity 600 kWh/t
CO, Emission 186 kg CO2e/t

Glass

Fume Losses

Thermal Losses

AS N S
4 (R GTID  olRALex s

Electricity

- 10% vs.

2018

QOutputs
Inputs

- Crown & Tank Design (FIC Ger) E ! ®
i- Boosting Optimizations (GS & FIC) E . )

Natursl Gos i- Insulations & Refractories review !
+0xygen | 0 N e o o o o o o o o

Natural Gas
+ Oxygen

................................

—i- Near IR Camera (GS)

. F I C (U K) Sankey Diagram E Tank Blocs Monitoring (SEFPRO) i
L i = Base case I~ ESIl (GS)

6vs. 2018 Sankey Diagram

Result




GFM Application — Electric Boosting Optimization

GLASS SERVICE

« Goal: keep glass quality after
changing glass from flint to amber,
by changing electric boosting
configuration

e Casel

— Flint glass

— 12 side electrodes
« (Cases 2-6

— Amber glass

— Various electric boosting
configurations

e Caseb
— Target glass quality CASEL | CASEL
— 14 bottom electrodes —

CASE 2 CASE 3 CASE 4 CASE 5 CASE 6

INSERTED BUBBLES [pcs] 3577 3441 3453 3750 3750 3750 3750
REFINED BUBBLES [pcs] 3496 2971 2871 3198 3252 3287 3400
DISSOLVED BUBBLES [pcs] 64 203 298 321 415 337 331
CIRCULATED BUBBLES [pcs] 0 2 2 0 6 8 1
BUBBLES IN THE GOAL [pcs] 17 265 282 231 7 118 18

BUBBLES IN THE PRODUCT [%] | 0.47 7.7 8.16 6.16 2.0 3.1 0.48




Conclusions

GLASS SERVICE

« Current global situation (environmental / economical) pushes (not only) glass
producers to dramatically change production processes, especially to:
— Decrease and optimize energy consumption
— Decrease production of pollutants (CO,, NO,, etc.)

200 KW NG mode gees 200 kW H, mode

Big pressure for production
transformation and decarbonization

« Any change in the furnace operation and design can be difficult and expensive
Great opportunity for mathematical modeling!

« Glass Service Glass Furnace Model (GFM) software is a great tool which can be
used to tackle current glass production challenges



Thank Your For Your Attention !

GLASS SERVICE
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