
the two is inevitable, meaning that 
energy wastage is increased. A 
further major problem in any gas 
forehearth installation is the need 
always to operate the gas burners 
at a certain level, in order to prevent 
damage to them from the heat of 
the forehearth and to maintain stable 
combustion. Therefore, the designer 
must allow for some gas firing, even 
when the gob temperature and 
forehearth pull require only cooling 
of the glass. In situations such as 
this, all of the applied gas is waste 
heat and as such, the forehearth is 
inherently inefficient.

The need to maintain a certain 
minimum level of gas firing and 
interaction between combustion 
gases and cooling air mean that 
forehearth temperature reaction 
times are often reduced and overall 
temperature equalisation and control 
are less precise. The result is a 
forehearth that wastes large quantities 
of energy in order to condition glass to 
the required temperature and degree 
of homogeneity and that requires 
some time to respond to a different 
set of operating parameters following 
a job change.

In the concluding part of this article, special attention is 
paid to high capacity conditioning of soda-lime glasses 
for container production, while also looking briefly at 

the benefits of these technologies for the production of 
lightweight containers, a sector of the glass industry that 
continues to grow rapidly as consumers demand a more 
responsible use of the planet’s resources. 

WHAT IS IT COSTING?
When visiting any glass plant, the conversation inevitably 
turns to energy consumption. However, it is surprising how 
many glassmakers can quickly and usually very accurately 
advise how much energy they consume during the melting 
process but seem unable to advise the level of energy they 
use in glass conditioning within the forehearth system. 

Those who can often advise that as much as 30% of 
their total energy usage is in the forehearth system. Many 
glassmakers spend much time and go to great lengths 
to improve their furnace energy efficiency, yet give little 
thought to the savings that can be made within the 
forehearths. 

FUNDAMENTALLY UNCHANGED APPROACH
The general approach of applying gas heating to the 
forehearth to control the cooling process is something that 
has remained fundamentally unchanged for many years. 
During this time, however, glassmakers and forehearth 
designers have worked to overcome problems affecting 
glass quality such as uneven temperatures across the 
forehearth, which lead to poor thermal homogeneity and 
unstable gob weight control. Today’s most modern gas-
fired forehearth designs have features that are intended 
to help overcome this problem by providing preferential 
heating along the channel sides, while forced air cooling is 
directed along the forehearth centreline where the glass 
is at its hottest. The purpose of this approach is to provide 
equalisation of forehearth temperature across the channel 
width, thereby relieving the problems associated with poor 
thermal homogeneity.

However, by their nature, gas heating and air cooling 
are very difficult to contain and some interaction between 

All-electric forehearth 
developments, Part 2
Published in the November/December 2010 issue of Glass Worldwide, the first 
part of this article looked at all-electric forehearths for the conditioning of 
volatile glasses such as fluoride opal and borosilicate. Here, Grahame Stuart 
considers the conditioning of non-volatile glasses in all-electric forehearths. 

TIME FOR CHANGE
Changing energy markets, the need 
to reduce a company’s environmental 
impact and a customer base requiring 
increasingly demanding glass quality 
standards has led many in the 
glass industry to start looking at 
alternatives to gas-fired forehearths. 
Electroglass has been designing and 
commissioning all-electric forehearths 
for conventional glasses such as 
soda-lime for more than 20 years and 
every project completed has had the 
same design requirements, to give 
consistently high energy efficiency, 
improved production yield, reduced 
environmental impact and simplified 
operation. 

The Electroglass Electroflex 
forehearth is designed to overcome 
the challenges associated with 
gas-fired forehearths in use for 
conventional glasses such as those 
already mentioned. Special profile 
heating elements in the forehearth 
superstructure virtually eliminate 
side to centre and top to bottom 
temperature differences. Passive, 
centreline radiation cooling allows 
cooling of the glass where it is 
hottest but unlike forced air cooling, 

Special dry electrode. Electroglass Electroflex forehearth installation.
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does not risk ‘skinning’ of the glass surface which, in dark 
glasses can prevent the release of parasite bubbles, which 
can impact on production yield. 

Special profile heating elements and radiation cooling 
eliminate the need for complex superstructure designs, 
meaning that the Electroflex superstructure is considerably 
more compact and lower in profile. This helps reduce heat 
losses and allows for easier, more precise temperature 
control, as less space above the glass surface requires 
heating.

All Electroflex forehearths are designed so that the 
components, such as the profile heating elements, can 
withstand heat from the glass, meaning that it is possible 
to operate with no energy applied in zones where only 
cooling is actually required. This can offer substantial cost 
savings when compared with gas forehearth designs that 
require some gas to always be applied to the burners in 
order to keep them cool, even when heat is not actually 
required by the conditioning process.

The available installed power on an Electroflex 
forehearth is such that a considerable reserve of energy 
is available when the glassmaker needs to react quickly 
to reductions in the temperature of glass entering the 
forehearth or following a job or spout change, when 
additional power can be useful in helping to reach the 
desired operating temperature quickly and precisely. 
Equally, the cooling capacity available through centreline 
damper openings means that conditioning temperatures 
can be reduced and controlled to counteract hotter glass 
entering the forehearth, with minimum loss of production.

The Electroflex forehearth is available in standard 
and special channel widths up to 36in and the Electroflex 
‘W’ is available for high capacity conditioning in widths 
up to 60in. The Electroflex ‘W’ features independent 
regulation of power along each side of each heating zone. 
This ensures that where the glass enters the rear section 

of the forehearth with a difference 
in temperature across the channel 
width, automatic temperature 
control can correct this quickly and 
effectively before the glass reaches 
subsequent cooling and conditioning 
sections. 

DARK GLASSES
Some glassmakers are still of the 
opinion that all-electric forehearths 
are not capable of conditioning 
dark and reflective glasses such 
as amber and UVA green. This 
may actually be the case for some 
designs where electrodes have been 
added throughout the forehearth 
length in an attempt to control 
the conditioning process. In many 
instances, electrodes employed in 
these forehearths actually create 
further problems, as their basic 
design allows contact between the 
different metal types used in their 
construction. When this dissimilar 
contact occurs within the glass, it can 
generate a DC voltage, causing small, 
oxygen rich seed to be generated, 
which when generated very late in 
the conditioning process cannot be 
released from the glass before the 
point of production. 

A further and sometimes 
overlooked problem associated with 
this oxygen rich seed is the effect it 
has on the molybdenum part of the 
electrode, causing oxidisation around 
the junction between it and the 
stainless steel or other metal used 
in its construction. Over time, this 
oxidisation will cause the electrode 
to fail and if this goes unnoticed, 
the power will then be applied to 
the stainless steel or other material 
causing it to degrade, in turn leading 
to metallic streaks in the production. 
In addition, localised heating of the 

refractory surrounding the broken 
electrode could cause refractory 
stones to enter production and 
ultimately lead to the failure of the 
forehearth.

In the Electroflex forehearth, 
electrodes are not needed 
throughout the forehearth length 
when operating in dark glasses. 
Typically, an Electroglass Temptrim 
electrode heating system is installed 
in the conditioning section of the 
forehearth to promote total thermal 
homogeneity. The system consists 
of two independent zones, each with 
an air-cooled transformer and control 
equipment, offering both power and 
temperature setpoint control. Each 
transformer employs a number of 
dry-type electrodes, which can be 
powered in various configurations to 
suit every production situation. 

The electrodes employed in the 
system are special Electroglass own 
design dry-type electrodes, which 
eliminate dissimilar metal contact and 
ensure that power travels through 
only molybdenum throughout its 
length, therefore removing any risk 
of seed generation. Each year many 
hundreds of these electrodes are 
manufactured, with a substantial 
proportion destined to replace 
existing dry electrodes of other 
designs that may be causing the 
glassmaker production losses from 
DC voltage generated seed or have 
caused damage to the forehearth 
material.

OPERATING COSTS
As stated earlier, energy usage in 
the forehearths can account for up to 
30% of the entire cost of the melting, 
conditioning and annealing process. 
Electroglass has carried out several 
in-depth studies of the energy cost 

Typical forehearth 
heating arrangement.

Typical interaction 
with the forehearth.

Typical electric forehearth profile.
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savings that can be made from switching, not only from 
gas-fired to all-electric but from other types of all-electric 
forehearth to the Electroglass Electroflex design.

The first study looked at two gas-fired forehearths that 
were replaced by two Electroflex assemblies. The widths 
and lengths remained unchanged in order to reduce the 
need for changes to forming machine positions etc. One 
forehearth was 36in wide, the other 48in wide. Both were 
6.7m long. Installation took place at furnace cold repair 
but could have just as simply been carried out by stopping 
one forehearth at a time and continuing production on 
the other. Total replacement time from cool down to 
production would have been of the order of 20 days had 
this approach been adopted.

The benefits to the customer of making this change 
were many; firstly the operation was simplified thanks 
to a computer interface giving direct access to all 
operating data and control parameters. Maintenance of 
the forehearths was reduced, as the heating elements 
require no maintenance and there are few moving parts 
or cooling systems that require care. The improved gob 
weight accuracy allowed for consistent gob weights to 
be achieved, with only small differences in the order of 
3g in a 295g gob. Gob shape and glass distribution within 
the mould were both improved due to the consistent 
temperature at which the glass was being delivered to the 
spout.

However, by far the most noticeable improvement 
from the change involved energy usage and cost. The 
plant’s two previous gas-fired forehearths had a combined 
gas consumption of 1050m³/day. In comparison, the two 
Electroglass Electroflex forehearths have a combined 
energy consumption of 1535kWh/day. When these figures 
are related to the respective energy costs, the operating 
cost savings can be easily seen:

Original gas-fired forehearths: 1050m³ x US$0.464/m³ 
= US$487.20/day.

Electroflex all-electric forehearths: 1535kWh x 
US$0.051/kWh = US$78.28/day.

This represents an actual energy cost saving of well 
over 80%.

The second study looked at four existing all-electric 
forehearths, all 36in wide with heat energy applied 
through electrodes in the glass. No superstructure heating 
was included. 

These forehearths suffered from quality issues relating 
to the design of the dry electrodes employed. The design 
featured a molybdenum electrode, coupled to an inconel 
rod. Where this junction came into contact with the glass, 
seed would generate due to the galvanic reaction between 
these two dissimilar metals. Over time, the junction 
between the metals weakened and failed due to the 
oxidisation of the molybdenum, leading to metal streaks 
in the glass. Eventually, these electrodes would require 
changing in order to prevent damage to the surrounding 
refractory.

It also proved difficult to achieve thermal homogeneity 
of the glass, as the heat release remained fairly local 
to each electrode and resulted in hot spots along the 
forehearth sides. This impacted gob weight control 
and gob distribution within the mould, as each gob 
temperature varied considerably.

By far the greatest difference between this design and 

the comparable Electroflex design 
was energy consumption. The original 
all-electric forehearths with immersed 
electrodes had a combined energy 
consumption of 10,008 kWh/day. 
The Electroglass Electroflex design 
with radiant heating throughout and 
immersed electrode heating in each 
conditioning section has a combined 
energy consumption of 5280 kWh/
day. Related to the local energy cost, 
the level of saving can be seen:

Existing all-electric forehearths: 
10008 Wh x US$0.06/KWh = 
US$619.00/day.

Electroglass Electroflex 
forehearths: 5280 kWh x US$0.06/
KWh = US$326.00/day.

LIGHTWEIGHTING
Lightweight containers are a subject 
that has become increasingly 
interesting as glassmakers look at 
ways to improve the profitability of 
container glass production, while 
reducing consumption of raw 
materials. Many articles have been 
written on the different forming and 
coating technologies available to help 
producers of this next generation of 
products. However, unless the quality 
of glass delivered to the forming 
machine is accurate and consistent, 
all of the downstream technology is 
worthless.

Lightweight containers, using 
substantially less glass per article, 
require much better distribution of 
glass within the mould, something 
easily achieved with the Electroflex 
forehearth. Consistent gob weights 
become more crucial as the 

gob weight becomes less; the 
Electroglass Temptrim system has 
a proven track record of providing 
gob weight assurance in every glass 
colour.

Cat scratch and other defects can 
be more easily seen in the thinner 
sides of a lightweight container and 
many glassmakers now install the 
Electroglass continuous controlled 
drain system to help remove 
refractory-contaminated glass from 
the forehearth.

THE FUTURE
Clearly, the benefits of this 
technology, not only for standard 
and lightweight soda-lime container 
production but also other non-volatile 
glasses are many and warrant further 
investigation by anyone seeking to 
reduce energy spending, increase 
productivity and simplify operation. 

Electroglass can quickly and 
accurately calculate the energy 
cost savings that can be made by 
switching to this technology when 
given brief information about the 
existing forehearth, such as gob 
temperatures and pull for each 
job, glass colours, gas or electricity 
consumption of the existing system 
and local gas and electricity costs.■ ■
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ELECTROFLEX 48" FOREHEARTH
REACTION TIMES

1080

1085

1090

1095

1100

1105

1110

02
:4

4:
52

02
:4

8:
43

02
:5

2:
35

03
:0

0:
17

03
:0

8:
00

03
:1

5:
43

03
:2

3:
26

03
:3

1:
08

03
:3

8:
51

03
:4

6:
34

03
:5

4:
16

04
:0

1:
59

04
:0

9:
42

04
:1

7:
24

04
:2

5:
07

04
:3

2:
50

04
:4

0:
33

04
:4

8:
15

04
:5

5:
58

04
:5

9:
49

05
:0

3:
41

05
:0

7:
32

05
:1

1:
23

05
:1

5:
15

05
:1

9:
06

05
:2

2:
58

05
:2

6:
49

05
:3

0:
40

05
:3

4:
32

05
:3

8:
23

05
:4

2:
14

05
:4

6:
06

05
:4

9:
57

05
:5

7:
40

06
:0

5:
22

06
:1

3:
05

06
:2

0:
48

06
:2

8:
31

06
:3

6:
13

06
:4

3:
56

06
:5

1:
39

06
:5

9:
21

07
:0

7:
04

07
:1

4:
47

07
:2

2:
30

07
:3

0:
12

07
:3

7:
55

07
:4

5:
38

07
:5

3:
20

0 8
:0

1:
03

08
:0

8:
46

08
:1

6:
29

08
:2

4:
11

08
:3

1:
54

08
:3

9:
37

08
:4

7:
19

08
:5

5:
02

09
:0

2:
45

09
:1

0:
28

25/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/201025/05/2010

0.00

5.00

10.00

15.00

20.00

25.00

MIDDLE RIGHT TEMPERATURE MIDDLE LEFT TEMPERATURE MIDDLE LEFT POWER MIDDLE RIGHT POWER

Electroflex 48in forehearth reaction times.

GW33 Jan-Feb 2011.indd   52 20/01/2011   17:03


