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Flat bottom furnaces

Mike Davies* reports that the latest flat bottom furnace design from the TECO 
Group brings energy and emissions benefits to the container glass industry.

The latest flat bottom furnace 
design from the TECO Group is a 
new standard in performance and 

design. This new standard flat bottom 
furnace delivers high quality glass while 
maintaining the low specific energy and 
emissions while extending furnace life. 

World class engineering, modeling 
and experience are the keys to achieving 
the goals of container production using 
flat bottom furnaces and providing glass 
quality for the entire life of the furnace.

The goals of a manufacturing company 
are consistent growth and produce quality 
products through continuous innovation. 
Within the glass industry this can be 
measured by capital efficiency or the 
ratio of total tons pulled in comparison 
to the amount of capital expenditure in 
maintaining the operation of a furnace. 
Eliminating, reducing, integrating or 
simplifying non-value added processes 
are some of the key engineering 
concepts to optimising a furnace and its 
capital efficiency. Let’s look at different 
design concepts for container furnaces 
and discover the advantages of value 
engineering and simplicity by design.

Value engineering 
Value engineering is defined as a 
systematic method to improve the value 
of goods or products and services by 

providing the necessary functions at a 
lower cost. The term value is defined as 
the ratio of function to the cost.

Within engineering, production 
and manufacturing, these disciplines 
practice ‘function analysis’ or the 
process of eliminating over-engineered 
methodologies, processes and designs to 
achieve the goals of manufacturing.  Value 
engineering is an organised process that 
uses a team from a variety of disciplines 
to analyse designs, systems, equipment 
and material selection to achieve the 
objectives of a client at the lowest life cycle 
cost.  Using experienced teams, value and 
economy are improved through studies 
of alternate design concepts without 
compromising the quality, performance 
and requirements of clients.

These teams focus their functional 
analysis on the ‘how’ and ‘why’ of an 
item.  Here are just some examples: How 
does this feature add value?  Does it make 
sense to continue to do this just because 
it is the way we have always designed 
it?  What can be eliminated with the 
advances in technology that do not add 
value anymore?  

Engineering designs 
The basic furnace design principles that 
are trying to be achieved are improved 
glass quality, higher melting rates 

and homogeneity of the glass, while 
performing a balancing act on energy, 
emissions and extending the furnace 
life. Two common design features in 
a container furnace which attempt to 
address these principles are barrier walls 
and deeper or sunken refiners.

A barrier or weir wall is a physical 
wall generally made of fused cast AZS or 
chrome refractory located at the spring 
zone to enhance the natural convection 
currents of the glass. This aids in refining 
before the glass enters the throat. The 
barrier wall blocks the forward flow of 
colder glass from entering the throat 
and redirects it upwards to the higher 
temperature glass.  Some walls are now 
water cooled to slow the corrosion rate of 
the barrier wall, but this design is subject 
to an energy penalty.

Advantages - Claimed
� Glass Quality
� Homogeneity

Disadvantages
� Added refractory costs and/or 

cooling costs
� Added steel cost and complexity
� Added construction
� Wall wears down quickly, does not 

last life of furnace, negatively affecting 
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glass quality within a couple years
� Large gaps created between vertical 

joints
� Defects from worn refractory enter 

the glass prematurely, lowering pack-to-
melt yields

Deeper or sunken refiners are used in 
conjunction with barrier walls and are 
located between the wall and the throat. 
These deeper refiners are used to increase 
the residence times in the refining area 
of the furnace.  The longer the residence 
time, the more time gasses have to escape 
the molten glass or be reabsorbed, and 
increasing the homogeneity of the melt.

Advantages - Claimed
� Increased residence time, refining
� Improved glass homogeneity
� Improved quality

Disadvantages
� Added bottom construction 

complexity
� Added refractory cost
� Increase maintenance (if water-

cooled)

Simplicity by design
Simplicity by design is the principle that 
states that most systems work best if the 
systems are kept simple rather than made 
complex. Simplicity becomes the key goal 
in engineering design and unnecessary 

complexity should be avoided. The intent 
is to apply the simplest, most straight-
forward methods possible to develop and 
produce new products.  The flat bottom 
design is the simple straight-forward 
result of engineering from Tecoglas, KTG 
Systems and Toledo Engineering.

The flat bottom design is the result 
of the TECO Group’s experience from 
around the world in all areas of glass 
manufacturing, all types of glass and 
melters.  Toledo Engineering, Tecoglas 
and KTG Systems have utilised CFD 
modeling studies of furnaces to evaluate 
and optimise various engineering designs, 
and KTG Systems optimises furnace boost 
systems with physical modeling studies.  
The resulting designs have eliminated 
additional bottom construction, reduced 
wasteful and expensive excess refractory 
and additional steel requirements.  
Unnecessary complexity has been avoided 
without compromising glass quality, glass 
homogeneity and melt rates, all the while 
optimising the specific energy, emissions 
and furnace life.  In fact, these measures of 
design excellence have improved over the 
old technology designs.

Case Study – Modeling
A Computational Fluid Dynamic (CFD) 
model to study a flat bottom furnace 
compared to a furnace with a deeper 
refiner with a weir wall was conducted.  

Four scenarios were considered, these 
being a flat bottom, a flat bottom with 
boost, a deeper refiner and deeper refiner 
with worn down weir wall.  The model 
study results, which were also validated 
in practice by an independent third party 
are as follows:

�  A short circuit develops on the 
throat facer wall (Fig 1)

�  As the weir wall wears down 
this short circuit becomes much more 
pronounced

�  Overall best performer is the flat 
bottom furnace

�  Hot spot boost improves refining
�  The deep refiner design 

has  lower melting and fining indices, 
especially when the weir is worn

In these model studies, by releasing 
several hundred thousand massless 
particles randomly distributed in the 
batch, the model tracks these particles 
from start to finish and then calculates 
indices which allow us to evaluate the 
models.  By referencing these indices to 
validated models, this allows judgment of 
the glass quality.  These indices prove the 
flat bottom meets or exceeds the end port 
furnace designs with deeper refiners and 
weir walls (Figs 2, 3 and 4).  

� Fig 2. A measure of the median amount of 

time for a particle to exit the riser.

� Fig 3. A measure of the time-temperature 

history of each particle.

�  Fig 4.  A measure of the time-temperature 

history of each particle above refining 

temperature.

� Picture 1. Before and after of a weir wall. � Fig 1. Example of a short circuit in the glass.

Continued>>
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Case Study - Production
A daily average of  Teco group’s 60 m2 

flat bottom furnace are reported in Fig 

5.  There has been no loss in quality.  
The quality is noted as ‘exceptional’ and 
continues to outperform the client’s 
previous deep refiner style furnaces.

Picture 1, is the before and after of a 
weir wall in a glass furnace.  Here it can be 
clearly seen that the expensive weir wall 
refractory has worn significantly.  Any 
effect from a weir wall degrades over time, 
resulting in lowered glass quality, lower 
packed yields and unsatisfied client goals.

Weir walls erode at a rate such that 
often at least half of the wall is gone 
within the first three or four years of 
operation.

The largest operating endport 
regenerative furnace operating in the 
world was designed by Tecoglas. The flat 

� Fig 5. Daily average 

of a Teco group’s 60 m2 

flat bottom furnace.

� Fig 6.  Container 

furnaces energy 

consumptions.

bottom furnace operates at 500 mtpd 
producing flint and green containers. A 
second identical Tecoglas furnace was 
subsequently built next to the first, proof 
of a satisfied customer.

At the 66th Glass Problems Conference, 
Oscar Verheijen of CelSian presented 
‘Improving Energy Efficiency of 
Glass Furnaces’.  Fig 6 is a chart from 
this presentation showing energy 
consumption versus. pull rate from 
container furnaces of all types and 
designs.  The red circles have been added 
to show where the production data values 
of the two flat bottom furnaces referenced 

in this article would fall on this chart.

Conclusion

The Teco Group’s flat bottom container 
furnace has set a new standard of energy 
consumption, emissions, extended life, 
and continued high glass quality resulting 
in customer satisfaction.  By analysing 
value added engineering practices and 
simplicity by design with the Teco 
Group’s engineered modernisation 
concepts, this generation of flat bottom 
furnaces meets or exceeds the goals of 
glass manufacturing companies without 
the use of unnecessary features.   �


