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Motiva tion – Trans form ing the  indus try to a  ca rbon ne utra lity

Glass  cha racteriza t ion
Com bus tion tria ls
Form ing a lm os t  im poss ib le

…in the lab
Cus tom er interes ts
Controlled  condit ions?
Sca le of opera t ion

…in the p lant

How-to?

86TH GPC CONFERENCE SCHEDULE

 Form ation of  a  cons or tium
 Funding app lica tion

 Crea tion of  a  p ilot  facility
 Benefits  of  flexib ility and  cons is tency 

for tria ls  in  respect of  
• ba tch com pos ition, 
• type of  com bus tion,
• electrica l boos ting and  
• form ing tria ls
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Cons or tium  and  proje ct pa r tne rs

Ze roCO2-Glas s  P roje ct
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P lant Organis a tion

Ze roCO2-Glas s
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IS 
Machine

Gob (Single Gob)
8  – 1 5  gobs  per m inute
1 0 0  – 2 0 0  g

Gob rejection Fa lipou Setup IS section

Hand ling Robot

HE rejection
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Cullet  crusher

Culle t  
Sys te m
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Cullet  content 
between 2 0  – 8 0  %

Annea ling lehr

CE rejection Packed  for s torage Packed  for tes t ingCE tes t ing

Cold  End

Furnace  & Fore he arth

Furnace 
Storage Silo
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Melting & 
Dis tributing

Prem ixed  Ba tch
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P ilot p lant
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P roce s s  s te p : gob  cut
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Ze roCO2-Glas s

Sem ina r Technologie und Anwendung nichtm eta llis cher Werks toffe

P roce s s  s te p : Bottle  form ing
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Ze roCO2-Glas s

Sem ina r Technologie und Anwendung nichtm eta llis cher Werks toffe

P roce s s  s te p : 
load ing 

anne a ling le hr
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• Incorpora tion of  a ll ava ilable 
equipm ent da ta  and  proces s  
inform a tion from  hot end , cold  
end  and  qua lity control

 Ce ntra l da ta  lake
• Im plem enta tion of  d ifferent 

a lgorithm s  for da ta  eva lua tion
• For exam ple s eed  count
• Glas s  tem pera ture from  IR 

p ictures

• Visua liza tion with  Gra fana  
Dashboards

Data  lake

STORAGE

Furnace 
control 
sys tem

IS 
m achine 
t im ings

Cold  end  
bott le  

counter

Gob 
radar

Furnace 
cam era

Process  
inform a tion
•Swabbing
•Manua l gob  
weights

•Mold  changes

Lab  
m easurem ents
•XRF
•Wall th ickness
•Seed  count

Backup 
sys tem
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• Increase of  the boos t ing from  2 0  % to 5 0  % and  >7 0  %

Electrica l energy intake

• Switch from  oxyfuel com bus tion to a  hydrogen-oxygen com bus tion

Hydrogen/ oxygen com bus tion

• Tes t  of  soda  and  ca rbona te free com pos it ions  for m elt ing and  form ing perform ance

CO2  free ba tch com pos it ions

• Crea te a  viscos ity-d riven form ing m odel

Eva lua tion of  a  form ing m odel

Ze roCO2 Glas s  – Tria l P lan
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Tria l: Boos ting Incre as e  from  2 0  % to 7 0  %

Ze roCO2 Glas s  – P roje ct
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2 0  %

3 0  %

7 4 %

5 0  %• Achievem ent of  50  % electrica l 
boos ting s ince May 9 th

• Achievem ent of  >75  % boos ting 
in July

7 4 %

5 0  %
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Evaluation of electrical 
boosting increase
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REF 50% boosting

20 % 30 % 50 %

mean coverage
10.0 %

mean coverage
10.1 %

mean coverage
10.6 %
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= gas + boosting input
= batch reaction + heatup energy
= Hin - Hex

= energy loss through chimney
= Hloss - Hstack energy loss 
over walls/structure/cooling etc.

Electrical Boosting increase – Furnace Performance Reference Case
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Energy consumption decrease by 
>10%

Energy loss through waste gas cut by 
half!

Wall losses stable -> 
Relative energy consumption decrease 
even higher on larger furnace due to 
lower proportion of wall losses

Reference Case vs. 50 % boosting
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Alternative glass chemistry
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Motivation – Alternative
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Na2CO3

Na2O

CO2

• Why to remove soda from batch?

− synthetic raw material

− most expensive raw material

− soda releases CO2 during decomposition in the melting tank

Glass Chemistry
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• Why to reduce Na2O content of glass?

− Na2O "weakens" the glass structure

− reducing Na2O can improve glass properties:

 strength

 hydrolytic stability

 lower coefficient of thermal expansion (CTE)

 shown in lab trials 

Motivation – Alternative Chemistry and Melting

5.0
6.0
7.0
8.0
9.0

10.0

REF N10 N8 N5 N2

CTE in 10-6/K
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• 50 g batch charged on 250 g of melt at 1400 °C inside furnace 
to avoid cooling of melt reservoir

• fixed dwell time
• air-quenched to RT to prevent further batch reactions

1400 °C

1400 °C 1400 °C

1400 °C

RT
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• Separate batch blanket
• Milling <125 µm
• XRD Rietfeld analysis with K-factor method to determine 

quantity and type of unmelted batch
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Evaluation of batch melting – Rietveld refinement
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Sand
Limestone
Dolomite
Soda

Raw Materials

Solid state 
reactions

First melts formation

First melt
formation

Na4CaSi3O9
Na2Ca2Si3O9
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Slow silica 
dissolution
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Raw Material

Melilite formation
uncritical due to
liquidus lower than melt
temperature

Avoiding sand/silica 
accelerates melting-in

Silica from impurities 
remains problematic
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[3]

210 s150 s90 s0 s 250 s
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SLS reference batch

soda-ash and CO2-free batch
5 % Na2O by weight
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• Use furnace camera and batch monitoring system to evaluate batch melting in 2.5 tpd pilot plant
• Gain a profound understanding of the melting and fining behaviour based on batch and glass properties 

in interaction with the energy input and furnace atmosphere. 
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Thank you for your attention
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