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Use of in-furnace thermal 
imaging for industry 4.0 and 
decarbonisation in steel, 
non-ferrous and glass
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Ensuring consistent temperatures within 
furnaces is essential to maintaining high-
quality production of metal or glass, and 
for extending the campaign life of the 
furnace.

There are a variety of furnace locations 
where the temperature must be closely 
monitored to achieve these objectives. 
For best results, the ability to trend 
temperature measurements throughout 
the whole furnace is essential.

For more than a century, optical 
pyrometers were the temperature 
measurement instrument of choice for 
high-temperature combustion processes. 
Temperatures were taken within the 
process at least once per shift, and 

Near Infrared Borescope (NIR-B-2K-Glass) thermal 

imaging solution for glass furnace applications
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Auto-Retract System to protect the 

thermal imager from damage by overheating 

in the event of loss of water fl ow, air pres-

sure, electricity supply or high borescope tip 

temperature alarm.
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sometimes every 20 minutes.
A portable pyrometer – such as the 

AMETEK Land Cyclops L or equivalent 
– is often used to check temperatures at 
critical points in the furnace whenever 
there is a process problem.

Ten years ago, AMETEK Land developed 
remote, infrared imaging technology, 
allowing hundreds of thousands of 
temperature measurement points to be 
recorded every second.

The company’s innovative Near 
Infrared Borescope (NIR-B) initially 
measured 324,000 optical temperatures 
continuously in the furnace, enabling 
accurate temperature measurement from 
any point.

This provides much greater accuracy 
and control of temperatures in the 
furnace, ensuring optimum product 
quality, efficiency and asset longevity.

Benefits of thermal imaging
Near Infrared thermal imagers generate 
a visual, thermal image of the furnace – 
not to be confused with a simple CCTV 
image. Modern devices display up to 
3 million fully radiometric calibrated 
camera pixels in the temperature range 
from 600 to 1800 °C (1112 to 3272 °F) – a 
development of technical significance 
for energy-intensive heavy industries 
like steel, non-ferrous, cement and glass 
production.

Thermal imaging offers many 
advantages over visual imaging and 
point temperature measurements. A 
permanently installed thermal imaging 
camera that actively records all necessary 
and useful data allows the video to 
be stopped at any frame. Accurate 
measurements can be taken at the exact 
same point in the process, allowing 
processes to be tuned more accurately.

Glass furnace monitoring
AMETEK Land’s NIR-B thermal 
imaging cameras have been operating 
continuously since 2014, with more 
than 50 reference installations in glass 
melting furnaces globally. More recently, 
transportable instruments are being used 
to perform dedicated in-furnace thermal 
surveys.

For decades, in-furnace endoscopy and 
external furnace thermal imaging have 
been used to monitor and record visual 
changes in refractory. With the NIR-B 
there is the potential for an additional 
“visual endoscopy” with previously 
unmeasured thermal data. Wherever 
there is an existing peep-site, there is 
the potential to obtain a 95° field of view 
image. While a visual image will look 
similar, the thermal data can identify a 
difference of only a few degrees.

An NIR-B survey is often recommended, 
as it offers all of the benefits of a 

permanent and continuous temperature 
measurement installation, which 
provides significant benefits over the 
traditional “snapshot” method.

In all cases, the key benefit of 
continuous measurement during a 
furnace reversal is that it gives better 
visibility of maximum and minimum 
temperatures. That is important because 
in glass, if the temperature goes below 
1388 °C (2440 °F), there is a risk of sodium 
hydroxide (NaOH) condensation.

The potential scope of a survey is 
significant, and the challenge is to decide 
the priority of what to look at – with now 
nearly 3 million thermal data points in 
one image, the analysis and interpretation 
of the data can take longer than making 
the actual measurements.

The in-furnace thermal survey is 
not an alternative to a conventional 
traditional refractory inspection, but a 
supplementary service.

It can provide data to show when 
there is either too much or insufficient 
cooling at the metal line and, in extreme 
cases, where there is a hole. By utilising a 
negative image, the lighter points show 
where there may be too much cooling, 
which leads to increased energy and 
resulting emissions, but also increased 
wear of the refractory as the batch piles 
drag along the refractory.

This information allows corrective 

action to be taken before it results in a 
more costly or disruptive outcome.

The furnace thermal profile will 
define the hot spot and the location of 
the thermal up-well. If the furnace is 
flat bottomed, with no “mechanical” 
influencers, then the hot spot can move. 
However, if there is a mechanical device 
such as weir wall, bubblers, or electrodes, 
then the hot spot of the thermal profile 
needs to be at the same location. If it is 
not, then there is a conflict between the 
mechanical and thermal systems, with 
quality/yield being the only loser.

With the fixed system NIR-B, the 
thermal profile may be continuously 
viewed, with the survey offering the 
opportunity to see the profile along the 
entire length of the furnace.

Using a single CCTV camera – 
traditionally in the bridge wall or throat 
end of the furnace – 60-80% of the 
furnace is typically visible. However, 
this means the wall where the camera is 
located is never seen.

When an NIR-B thermal survey is 
performed on a float glass furnace, it is 
typical to view from all four corners. This 
establishes the hot spot and, specifically, 
if it has moved or is different from one 
side to the other. In the majority of float 
furnaces, the view from the dog-house 
towards the waist highlights areas where 
the temperature is below 1388 °C (2530 
°F). In some cases, it highlights the 
corrosion which has already occurred 
to the silica refractories due to NaOH 
formation.

If one exhaust port is hotter than 
before, with another colder, it may 
suggest that the colder port is becoming 
blocked, and the exhaust flow is being 
restricted. If time permits and support is 
available, there is the option to view each 
port either through the target wall peep-
site or through an under-port burner 
block.

This will help determine if there is an 
imbalance from the right to the left side 
target wall temperatures. The view shows 
which flame is hotter, suggesting which 
burner needs adjustment – typically, it 
is then necessary to make another set of 
measurements to confirm that the issues 
have been resolved.

Structural damage caused by 
abnormally high or low operating 
temperatures can be identified early on 
and remedied before it develops into 
something far more serious, avoiding 
potentially dangerous situations, 
expensive repair costs and lost production 
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time.
Thermal imaging technology makes 

it possible to accurately image the 
temperature of a large area of a furnace 
through only a small opening in the wall. 
It gives the operator access to data that 
would have previously been either time 
consuming or impossible to collect.

The latest infrared temperature 
measurement systems allow real-time 
data to be streamed in time-lapse modes, 
allowing process engineers to visualise 
the product flow. Alarms can be set in 
the control equipment to alert operators 
and ensure production achieves optimum 
quality.

Precise thermal imaging can extend 
the lifespan of the melt tank or furnace, 
providing greater asset protection through 
more accurate temperature measurement.

Thermal imaging cameras can also be 
positioned underneath the melt tank 
to detect hot spots early on, potentially 
preventing a break-out below the tank.

Conclusion
Analysing the massive amounts of in-
furnace temperature data captured by 
the NIR-B enables the validation of 
computational fluid dynamic (CFD) 
models and supports predictive control.

Using alarms for variance to design, 
set point, and previous times improves 
quality and yield, and reduces waste as 
the first step to decarbonisation.

Advances in measurement technology 
are helping plants to make significant 
improvements in the improved quality 
of output, and in reducing operating 
costs. Thermal imaging technology that 
enables operators to maintain an accurate 
visual of the entire glass-melt tank, as well 
as take temperature measurements at any 
point in the process and in any location 
within the tank, can provide invaluable 
data for the operation of any modern 
plant.


