
Glass furnace design 
and data detection, 
courtesy of 
STARA GLASS

S
u

c
c

e
ss

 s
to

ry
FURNACES

GMP&A 4/202570

What’s the difference 
between the design 
of a glass furnace and 

its practical operation? And what 
stands between the computed and 
measured performance of a plant? 
In the following article we will 
explore precisely these differences 
- providing formulas and methods 
to design and detect the analyses 
values. Here Figure 1 represents the 
heat balance of a well performing 
glass furnace producing 300 tons 
per day of coloured glass. Indeed 

Figure 1 is the most typical chart 
that Stara Glass customers receive 
together with the drawings when 
they buy a glass furnace design, 
except that power Input and 
Output voices have been indicated 
in blue for the purposes of this arti-
cle. On the left is the input data, on 
the right the computing output, and 
on the bottom the production cost, 
depending on the indicated unitary 
values. The table is the main output 
of the design and simulation soft-
ware FurnaceMaster©, that Stara 

Glass has been constantly main-
taining and implementing in the last 
15 years.

In our view, the highest value of 
Stara Glass design activity stands 
on the fact that the people that 
code and utilize FurnaceMaster 
are the same people that oversee 
our furnace heat balance detection 
operation. This implies that every 
time I input, for example, the value 
of a waste gas temperature in the 
software, my mind will inevitably 
go to the one-hundred times I have 

Figure 1 – The heat balance of a glass furnace



been sampling that same num-
ber on an operating furnace with 
our suction thermocouple on my 
shoulder. It is not about mistake 
avoidance; it is about having a 
deep awareness of the process. A 
glass furnace is a complex thermal-
dynamic system. All the physical 
formulas that describe its operation 
are freely available on Wikipedia, 
but the real expertise in glass fur-
nace design lies in a wide sys-
temic awareness of the operational 
parameters, that can exclusively 
come for a longstanding experi-
ence in both furnace simulation 
and data detection. In this article, 
we will examine all the heat balance 
input and output voices from both 
points of view: the designer’s and 
the data detectors.

INPUT
In1 – Fuel
Computing

Fuel represents the main energy 
input of non-fully electric glass fur-
nace, which is:

Q = Mc Hi where:
Q = heat flux [kW - kcal/h]
Mc = fuel flow rate [Sm3/h]
Hi = (lower) calorific value of 

the fuel [kJ/Sm3 - kcal/Sm3]

Detecting
When collecting heat balance 

data, the flow rate is measured 
from the present gasometer, and 
the calorific value of the fuel can 

be analyzed by consulting and 
verifying the data from the fuel 
supplier.

In2 – Electric booster
Computing

The electric booster supplies 
heat to the glass by the Joule effect, 
normally its power is expressed in 
kW. The design of a boosting sys-
tem is a complex activity that we 
will explore in a successive article. 
It is crucial to design a system able 
to provide the requested power to 
the glass, considering losses and 
phases.

Exploring the critical gap between glass furnace design 

and real-world performance, STARA GLASS Head 

of Innovation Ernesto Cattaneo blends simulation 

and on-site data detection here to reveal how true 

furnace optimization stems not from theory alone but, 

significantly, from systemic experience as well.
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Detecting
During the heat balance data 

collection phase, this quantity can 
be consumptively seen from the bill 
of electrical power utilized for the 
glass melting.

In3 – Air
Computing

In this model, the calculations 
relating to the heat balance of the 
furnace refer to normal (0°C) tem-
perature conditions. Therefore, 
considering, for example, referring 
an analysis to normal conditions, 
an air flow will add a thermal flow:

Table 2 – Example of fuel heating value verification
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Q = heat flux [kW - kcal/h]
M = air flow [kg/h]
c = specific heat of the air [kcal/

kg °C]
ΔT = temperature difference 

with respect to the conditions con-
sidered

Naturally, in conditions of tem-
perature outside the system below 
0°C, the thermal contribution of 
the air will assume a negative value 
and will be zero at the reference 
temperatures.

This apparent heat contribution, 
positive or negative, will be algebra-
ically included in output waste gas 
heat, it is in fact possible to notice in 
Table 1 that specific consumption 
[kcal/kg] is only the sum of gas and 
electrical boosting [kcal/kg] with no 
contribution of the ambient air heat 
value. 

Detecting
There is no need to describe 

thermometers. Let’s use this space 
to imagine producing glass on a 
1500°C hot planet, of course the 
energy expense would decrease 
almost completely, but it would 
be challenging to keep the prod-
uct formed. In the exoplanet HD 
189733b, sometimes it rains glass. 

On HD 189733b we all would be 
unemployed, and dead, of course.

OUTPUT
Out1 – Heat transferred to the 
glass
Computing

The transfer of heat to the 
melting glass is the primary func-
tion of our furnaces, this consid-
erable energy contribution can be 
evaluated as:

Q = Cs (Tg – Trif) where:
Q = heat transferred to the 

glass [kW/kg - kcal/kg glass h]
Tg = glass temperature at the 

throat [°C]
Trif = reference temperature 

for calculations (typically, 0 or 
15°C)

Cs = specific heat of the glass 
[J/kg °C - kcal/kg °C] can be 
evaluated according to the com-
position and temperature of the 
glass. There are several empirical 
formulas consolidated in techni-
cal literature. 

Detecting
To detect this value on the 

field, we utilize an indirect analy-
sis: we measure the glass temper-
ature at the raiser with an optical 
pyrometer, we compute the heat 

loss by raiser and throat, and we 
compute the glass temperature at 
the throat inlet by adding to the 
glass the successively lost heat.

Out2 – Chemical reactions 
Computing

The heat required by chemical 
reactions varies according to the 
composition of the glass.

The chemical reactions that 
take place in a glass furnace pro-
duce, among other compounds, 
a certain amount of H2O and 
CO2, which implies that:

Not all the vitrifiable mass 
will become glass, because these 
gases are released into the fumes, 
of which they become part

The flow rates of these sub-
stances (loss on ignition) will 
absorb part of the heat produced.

This thermal contribution is 
computable by considering the 
formation enthalpies of the dif-
ferent chemical species. In a first 
but solid approximation, any 
percentage of cullet introduced 
in the mix reduces the value of 
the same percentage. If all glass 
mix were made of cullet, this 
contribution would be null. This 
is why the utilization of cullet 
reduces consumption and CO2 
emission. 

Detecting
We commonly rely on the rec-

ipes shown by the glassmakers 
and their mix weighing systems.

Out3 – Water evaporation
Computing

In the vitrifiable mixture there 
is a percentage of water which 
will absorb a non-negligible part 
of the energy supplied to the 
plant to transform into steam, to 
which is added the water coming 
from the chemical reactions in 
the basin.

The evaporation heat of 
water is λ = 540 kcal/kg. In the 
common practice of calculating 
the heat balance, it is a reason-
able approximation to assume 
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Image 3 – HD 189733b (Wikipedia)
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that, by bringing this value to 
600 kcal/kg, in addition to the 
heat necessary for the evapora-
tion of the liquid, the heat nec-
essary to bring the water vapor 
to the temperature of the fumes 
is considered too. Therefore, 
this outgoing energy flow will 
be worth:

Qev [kcal/h] = [T 0.01U (100-
PR)/100 + PF] λ’ where:

T = pull [kg/s] 
U = humidity of the mixture [%]
PR = cullet percentage [%]
PF = losses on ignition [kg/s]
λ’ = 600 kcal/kg

Detecting
The simple procedure to eval-

uate mix humidity consists in 
sampling a cup of mix from the 
batch charger, weighing it, heat-
ing it up in a furnace until the 
complete evaporation of water, 
and weighing it again.

Out4 – Residual heat in the 
fumes
Computing

The heat contained in the 
fumes leaving the chimney is a 
portion of the thermal energy 
obtained by burning fuel which 
is thrown away. The maximum 
theoretical efficiency of a fur-
nace would be obtained if the 
exhaust gases were evacuated 
exactly at the temperature of 

the external environment: this is 
impossible for practical reasons. 
The amount of energy which is 
released into the external envi-
ronment is:

Qf = Mf cf ΔT where:
Q = heat flux [kW - kcal/h]
M = flue gas [kg/h]
cf = specific heat of the fumes [J/

kg °C - kcal/ kg °C]
ΔT = difference between the 

flue gas outlet temperature and the 
reference temperature 

It is possible to evaluate the spe-
cific heat of the fumes by knowing 
their composition and having, for 
each species of gas they contain, a 
curve of the specific heat as a func-
tion of the temperature, similar to 

Table 4 – Example of chemical reaction computing
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Figure 5 – Example of pressure test report

that proposed for the air. The stoi-
chiometric composition of waste 
gas can be computed by the com-
position of the fuel. 

Detecting
The measured oxygen content 

will define how much air needs 
to be added to the stoichiometric 
composition, and the detected tem-
perature will confirm it. It is recom-
mended to evaluate the waste gas 
specific heat with an integral meth-
odology. It is necessary to meas-
ure the temperature with a suction 
thermocouple, which shields the 
detection elements from the wall 
radiation. 

Out5 - Holes and leakage
Computing

A glass furnace, however much 
the design and construction efforts 
must be aimed at in this direction, 

is never a perfectly sealed system. 
Therefore, in areas where the pres-
sure inside the system is lower than 
the outside, there will be an entry of 
air into the furnace which will lower 
the temperature, harmfully. 

In areas where the pressure is 
higher than the external one, there 
will be air and fumes leaks through 
imperfect sealing or real holes, with 
the consequent loss of the energy 
contained in the heated gases. In 
the points where it is possible to see 
the inside of the furnace from the 
outside, for example, through an 
open sight glass, in addition to the 
losses described above, there will be 
a loss of heat due to thermal radia-
tion. Obviously, in the design phase 
it is impossible to establish the pres-
ence of holes in the system, and 
the estimation of their importance 
is entrusted to the experience and 
common sense of the technician. 

In our case, an empiric statistical 
hypothesis of the infiltration level is 
integrated in FurnaceMaster, such 
as for the total heat loss.

Detection
To evaluate the infiltrations, it 

is necessary to sample the oxygen 
content in waste gas in successive 
zones of the fumes path. In order to 
estimate the leakages, it is possible 
to measure the oxygen content in 
waste gas at the port under differ-
ent positive and negative pressure 
set points. This allows to create an 
infiltration/leakage curve depending 
on the internal pressure.

Out6 – Thermal loss
Depending on the insulation 

level and furnace size, between 15 
percent and 40 percent of the total 
thermal output is represented by 
heat loss. It is possible to evaluate 
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Table 6 – Total heat loss report for a regenerative furnace

Figure 7 – Example of thermal bridges 
of a palisade

The author: Ernesto Cattaneo, Stara 
Glass head of Innovation Department

the heat loss mathematically, by 
considering dimension and con-
ductivity of all material constituting 
the furnace and its recovery system. 
It is important to create an interac-
tive computing environment where 
conductivities and temperatures 

are codependent. Stara Glass has a 
database including more than 600 
construction materials.

Heat losses through homogene-
ous surfaces like sidewalls and bot-
tom are evaluated zone by zone 
with a simple one-dimensional 
analysis, yet typically more than 
half of the furnace heat loss is given 
by the different relevant thermal 
bridges of the oven, like soldier 
block cooling, soldier block joints, 
tuckstones, skewback, electrodes, 
etc. For the accuracy of the com-
puting, it makes sense to evaluate 
all these thermal bridges one by one 
with proper finite element models. 

Conclusion
The carbon footprint of a glass 

plant largely depends on the fur-
nace consumption. Besides radi-
cal changes such as electrification 
or hydrogen combustion, the first 
two actions that need to be taken 
to limit a furnace carbon emis-
sion are an optimized design and a 
regular maintenance of the melter 
and its performance. By law, we all 
need to have professionals regularly 
check the performance of our 2 
kW domestic boilers and our 100 
kW cars: it probably makes sense 
to regularly check our 10 MW fur-
naces too. ■


