
See degrees differently. 

Steam cracking is a crucial process in the 
petrochemical industry, breaking down 
hydrocarbons into valuable products like 
ethylene and propylene. The efficiency of this 
process heavily depends on the performance 
of steam cracker furnaces, which operate at 
extremely high temperatures. Optimizing furnace 

performance is vital for maximizing output, 
reducing fuel consumption, and minimizing 
emissions. One effective method to achieve 
this is through thermal imaging, a technique 
that offers real-time, non-invasive monitoring of 
furnace temperature profiles.

Optimising Steam Cracker Furnaces Using 
Thermal Imaging

APPLICATION NOTE



OPTIMISING STEAM CRACKER FURNACES USING THERMAL IMAGING

 

Investing in a thermal imaging system for the 
operation and optimization of steam crackers 
in the ethylene industry provides significant 
benefits across several key areas: extending 
run length, optimizing decoking processes, 
improving fuel efficiency, prolonging coil lifetime, 
and enhancing reliability.

Steam cracking involves a high-temperature 
reaction between steam and a gas or liquid 
hydrocarbon (typically naphtha or ethane) to 
produce ethylene. A modern steam cracking 
furnace generally features a large rectangular 
firebox with one or two rows of coils situated 

centrally between radiating refractory walls. 
These coils consist of multiple tubes, where 
the mixture of steam and hydrocarbon flows, 
with the Tube Metal Temperature (TMT) rising 
from the inlet to the outlet. The firebox typically 
reaches temperatures around 1200°C, with heat 
transfer to the tubes occurring mainly through 
radiation and, to a lesser extent, convection. 

A thermal imaging system allows operators 
to monitor these temperatures accurately, 
optimizing performance and preventing issues 
before they escalate, leading to enhanced 
efficiency and longevity of the equipment.

THE BASICS OF STEAM CRACKING

Fig 1. The main components in a steam cracker furnace relating to temperature. Image courtesy of Kubota.
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WHAT DATA DO OPERATORS CURRENTLY 
HAVE ACCESS TO ON THEIR DISTRIBUTED 
CONTROL SYSTEM (DCS)?
Without online pyrometry or thermal imaging, 
furnace operators responsible for ensuring safe, 
efficient, and continuous production can use 
multiple data points to monitor the health of the 
plant and process, including:

•	 Feed-stock flow rates

•	 Coil inlet, outlet and firebox pressures

•	 The steam-to-hydrocarbon ratio (SHC) of 
the feedstock

•	 Oxygen and CO/hydrocarbon gas analysis

They also have limited real time process 
temperature information:

•	 Flue gas temperatures are recorded 
continuously from thermocouples.

•	 Coil Outlet Temperatures (COTs) indicate the 
temperature of the cracked gas after it has 
exited the radiant section. Also referred to as 
radiant tube outlet temperature.

•	 Tube metal temperatures (TMTs) are 
gathered periodically and manually from 
single points using an infrared pyrometer, 
and a process engineer analyses the data.

Fig. 2 An engineer captures TMT data manually, using an 
AMETEK Land Cyclops, through a furnace peep-door.
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Coking During Run

Throughout a run (typically a 30–80 day period 
where the furnace is in continuous production), 
coke forms on the inside surface of the tube. 
It acts as an insulator between the hot furnace 
atmosphere and the comparatively cooler 
reaction gas, and causes both an increase in the 
TMT and the differential pressure between the 
coil inlet and outlet. The specific hydrocarbon 
being cracked has a  dramatic impact on 
the run length due to the influence on coking 
rates. When the TMT reaches its upper limit, 
the furnace reaches its End of Run (EOR) and 
is put into decoking mode. The EOR is often 
predetermined at set intervals (e.g. 45 days) out 
of an abundance of caution.

THE RELATIONSHIP BETWEEN COKING 
AND TMTS 

Fig 3. Normal coke formation during a run

Decoking

Coils are generally decoked when TMTs reach 
around 1050 degrees C (the design limit is 
usually around 1125 degrees C) so that the 
tubes heat transfer and pressure drop properties 
are restored. This maximises yields and prevents 
costly unplanned tube failures which could 
shutdown the plant. The sequence usually goes 
something like this:

•	 The fuel firing rate of the cracking furnace is 
reduced

•	 Hydrocarbon feedstock is stopped. Steam 
supply is maintained (purged gas is fed to 
the cracked gas header).

•	 Once feedstock is purged from the radiant 
tubing, the furnace is isolated, and tube 
effluent is directed to the decoke header, 
then to a decoking pot or back into the 
firebox.

•	 Air and steam are gradually added to the 
tubes until the coke ignites and combusts.

•	 Coke gasification begins and is monitored 
via COTs and/or CO2 levels in the decoke 
header. Air/steam flow adjustments are 
made to ensure safety and control.

•	 Coke is sufficiently ‘burnt off’ when COT and 
CO2 levels decrease, indicating combustion 
of the coke is slowing or stopping. A key 
challenge problem here is that when a 
furnace has multiple coils into a single outlet 
(common design) you can have a okay C02 
reading on the coil outlet but one coil could 
be decoking and one could be overheating. 
This would be most obvious if there is 
uneven coke build up due to uneven heat flux 
throughout the furnace.
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HOW DOES AUTOMATING AND IMPROVING 
TMT DATA COLLECTION HELP OPTIMISE 
THE PROCESS?
Now that we understand the basics of cracking, coking, and decoking, let’s discuss how automating 
TMTs can help improve yield, safety, reliability and efficiency. Remember, we’ve established both how 
critical TMTs are, and just how limited the TMT data available to operators is. 

Benefit 1) Increased Run length

Many ethylene plant’s output is constrained 
by furnace capacity, so improving the run 
length and can significantly boost profitability. 
Slowing the rate of increase in TMTs results 
in longer runs. Properly located and correctly 
specified cameras continuously, accurately, 
and comprehensively measure all TMTs across 
critical tube lengths, allowing operators to 
better control temperatures, measure the rate 
of increase, take mitigating action, and plan 
decoking intervals based on real-time data.

 

Illustration: Improving Run Rate by Reducing 
TMT Increase Rate
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Improving the heat flux uniformity of the firebox means that the spread of outlet section TMTs is 
reduced (e.g. coldest TMT to hottest TMT), meaning that increase in temperatures during the run 
are uniform across the outlet sections of each coil. This level of monitoring and optimisation is only 
achievable with comprehensive data. An operator with limited information may take a furnace offline 
for decoking for a single high-TMT reading, meaning that all other TMTs showed the run could have 
been extended

Benefit 2) Temperature Optimised Decoking

Optimal decoking also improves furnace 
availability. Results of optimal decoking can 
include:

•	 Reduced decoking time.

•	 Extended furnace run length due to thorough 
decoking.

•	 Decreased downtime from minimized 
mechanical cleaning of transfer line 
exchangers (TLEs).

•	 Reduced risk of coil damage (e.g., avoiding 
local bulging caused by overheating or 
carburising). (Kolmetz, 2023, Best Practice 
for Ethylene Furnace Decoking)

The temperature cycling involved in decoking 
and high temperature excursions are common. 
As coke is gasified, TMTs can increase due to 
the reaction between the air/steam and coke 
and because of the improved heat transfer 
as the coke layer is removed. Knowing this, 
operators are cautious during decoking partly 
because of the lack of TMT information. 

By providing operators responsible for decoking 
with real-time TMT data across the width and 
length of the coils most susceptible to coking, 
decoking can be achieved more quickly and 
efficiently.

Fig 4. Thermal Image Region of Interest (ROI) data is used to measure temperatures from critical coil areas

TMTs by Coil Length

Fig 5. Temperature information is gathered from critical areas that cameras are postioned to cover (highlighted)
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Benefit 3) Coil Reliability and Lifetime

Tubes in a steam cracker are subjected to both 
oxidising and carburising atmospheres, high 
temperatures and regular temperature cycling. 
Tube cracks, ruptures, and complete failures are 
common.

By closely monitoring TMTs and monitoring 
rates of heating/cooling during start up and 
shutdown, and by controlling and minimising 
TMT fluctuations during service will reduce 
thermal stresses and thus reduce susceptibility 
to thermal fatigue cracking (R-Tech Materials, 
2024, Failure Analysis of a Radiant Coil Tube).

Tubes are typically designed for a service life 
of 100,000 hours, but the actual service could 
be as low as 30,000 hours depending on the 
operational conditions. Coil life-expectancy can 
be increased with monitoring and mitigation of 
temperature excursions, which will reduce creep 
and carburization (Otegui et al, 2015, Effect of 
coking in massive failure of tubes in an ethylene 
cracking furnace).

Fig 6. Wide, oxide filled cracks on a failed tube

Fig 7. A catastrophic Coil Failure

The life of a furnace tube is reduced by as much as 90% when the service temperature is raised by 
only 56°C above the prescribed temperature. Several case studies highlight the importance of not 
overheating coils (Ul-Hamid, 2006, Failure analysis of furnace radiant tubes exposed to excessive 
temperature).

Benefit 4) Fuel Savings and CO2 Reduction

The heat duty required to operate the furnace 
at the desired COT and within accepted TMTs 
increases throughout the run. Therefore, fuel 
saving are found with improvements in heat 
transfer uniformity and efficiency across 
outlet sections and over time. The reduction 
in decoking frequency also reduces the CO2 
emissions from the cracker and provides more 
uptime, increasing plant productivity.

In 2019, steam cracking was responsible 
for around 0.7% of global CO2 emissions, 
highlighting the huge potential in reducing the 
global CO2 emissions via optimisation of the 
process (Amghizar et al, 2020, Sustainable 
innovations in steam cracking: CO2 neutral 
olefin production).
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AMETEK Land, as a manufacturer of 
radiometric borescope furnace thermal 
imagers, the Gold Cup reference pyrometer, 
and the Cyclops handheld pyrometer - widely 
used on steam cracker furnaces for TMT 
measurements - was well placed to develop a 
solution for automating TMTs using fixed and 
cooled thermal imaging solutions.

THE SOLUTION: IN-FURNACE THERMAL 
IMAGING

Fig 8. A Thermal Imaging Borescope Camera Installed 
on a Steam Cracker in Germany, 2023

Figure 9. A typical system arcitecture of a four thermal-camera system  in a hazardous area
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The AMETEK Land NIR-B-640-EX and NIR-B-2K fixed cameras are most used in ethylene applications. 
The NIR-B-640-EX being the suitable option when a hazardous area requirement needs to be met. The 
cameras are connected to a server running IMAGEPro Image and Data Processing software. The user 
logs into IMAGEPro to view the temperature profiles per tube using Regions of Interest line profile lines 
or shapes, playback history, and to review alarms, etc. These temperature values and alarms can be 
output to a DCS to automatically alert the operator without them consulting an external system.

INSTALLATION
The cameras are permanently mounted on the furnace at selected locations. Mounting holes are drilled 
on the wall of the furnace and a nozzle with a flange is welded to the furnace casing. The camera’s 
borescope is inserted through the nozzle with the tip of the nozzle flush with the inside refractory wall 
of the furnace, see figure 10.
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SELECTING CAMERA LOCATIONS
Furnace Internal Modelling

A 3D CAD model of the furnace and its internal coil arrangements with accurate dimensions is critical 
to determine the location of the cameras. For a greenfield project, such models will most likely exist. 
But for brownfield projects, if an accurate 3D model of the furnace is not available or not updated with 
changes in coil geometry, the first step will be to build the 3D model using available data. This can be 
achieved in the most basic form by using existing 2D furnace design drawings, but the more accurate 
the model, the less likely changes will need to be made later in the project. 3D scans are another great 
way to capture furnace geometry and to ensure any structural steel, pipe racks, or other ancillary 
equipment are captured and accounted for.

Accessibility for Maintenance

Cameras should be located for easy maintenance accessibility without the need for any ladders and/or 
scaffolding. Preferred locations will be on the walking platforms about 7 feet above the platform base 
so that they do not create an obstruction while walking. It is recommended to verify the temperature 
accuracy of the cameras once a year using a portable blackbody furnace that can be brought to the 
site’s office, control room, or laboratory by a trained engineer. Cameras can be easily removed from the 
cooling jacket without removing the jackets from the furnace. Easy access to cameras will avoid the 
cost of building scaffolds and other temporary structures to access the cameras. 

Furnace Exterior Modeling

The total length of a NIR-B 3 ft (there are 2 ft and 1ft models also available) camera is about 4 ft long 
when accounting for the camera’s electronics and the cooled housing. The nozzle welded on the 
furnace wall can be 6 to 8 inches long. During planning of the camera location, it is important to make 
sure that there is a space of about 5 ft from the furnace wall to easily retract and insert the camera 
from the nozzle. The cameras could be installed at an angle, which is determined during the field of 
view study. It is important to consider the availability of space with the chosen angle of installation of 
the camera.

There will likely be external structures such as walkways, ladders, I-beams, junction boxes, cable trays, 
pipework, instrument cable trays, conduits, and pipe racks, that may interfere with the cameras. The 
presence of these structures can limit the suitability of ideal locations. If possible, some structures 
can be moved to clear space for installation and ensure the cameras are located optimally to both 
maximize coverage and minimize the required number of cameras. 

A 3D model of the furnace interior is therefore often insufficient. It is therefore recommended to 
conduct a survey or 3D scan of the area for accurate modelling of all external structures. A good model 
can avoid frequent trips to the field to verify the location. Such an external plant model around the 
furnace can be useful not just for the cameras but for other maintenance and planning activities.

INSTALLATION
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Figure 11a

Initial Camera Locations

The selection of initial camera locations and the number of cameras require some engineering 
judgment and experience. Due to the nature of these projects, there is always a compromise 
somewhere. Initial quantity and locations of the cameras are determined by analyzing the furnace 
drawings, 3D model of furnace internals as well as externals, areas of interest inside the furnace that 
are susceptible to overheating, records of past tube failures, etc. These locations must be validated by 
doing the Field of View (FOV) analysis.

3D Field of View Analysis

A field of view (FOV) analysis is created for each camera location by a CAD engineer trained to 
accommodate the geometric, optics, and physics requirements for accurate thermal imaging, as 
shown in Figure 11 a, b, c below that shows camera locations on a liquid feed cracker furnace.

Figure 11b
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The FOV analysis demonstrates the area of coverage for the selected location and viewing angle of the 
camera. The angle and location can be tuned to get the best coverage as communicated by the end-
user’s production and process teams. The FOV study is usually performed as a group working session 
with the 3D model engineer, furnace specialist and the plant mechanical and production engineers at a 
minimum. Once (and if) locations are agreed upon, full installation drawings are produced.

How Many Cameras Are Needed?

The number of cameras required is an exercise in compromise. Increasing the number of cameras will 
increase the coverage area, but at the obvious extra cost in hardware. It is not practical or necessary to 
cover 100% of the furnace either visually or thermally. Engineering judgement, historical data from tube 
failures and experience with furnace maintenance are some of the key requirements for optimization 
of camera quantities. After a certain number, the increase in coverage does not justify the additional 
cost.

Constructability and Safety 

After an FOV study, the locations and viewing angles must be field verified to ensure there are no 
obstructions, and that all OSHA and safety requirements are met, e.g. walkway accessibility. If there are 
any findings in the field verification, it may be necessary to go back to the design phase and tune the 
installation drawings. 

Figure 11c
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Nozzle Fabrication and Installation

Fabrication and installation of the nozzle is a crucial step in ensuring the cameras will provide the 
intended FOV. The camera viewing angle is determined by how accurately the nozzle is fabricated 
and installed. As shown in Figure 7, the nozzle is fabricated with a bracing plate that is welded to the 
furnace wall. A jig file of each nozzle, which can be 3D printed, can be provided so that fabricators can 
check for correct depth and angle. Furthermore, welding a bracing plate to the standpipe ensures that 
any welding of dissimilar metals is done in a fabrication environment rather than at the plant. 

Wall Thickness and Additional Support

It is also worth assessing the structural integrity of the proposed installation. The camera, its 
electronics, and dry borescope weigh about 20-30 kilograms depending on chosen cooling medium. 
The nozzle welded to the furnace wall should be capable of supporting this weight with no sagging or 
deformation, so the thickness of the nozzle baseplate should be designed according to a structural 
analysis of the installation. In rare cases, it may be necessary to provide additional support to the 
camera that should comply with health and safety requirements.

Hazardous Area Classification and Camera Resolution

As the cameras are installed in an area where a flame is always present, the area may be considered 
a general-purpose area regarding hazardous area classification. In an area with general classification, 
the higher resolution NIR-B-2K cameras (1968 X 1476 pixels) can be deployed. The standard resolution 
NIR-B-640-EX, that has a lower operating temperature, must be used in a hazardous area. The NIR-
B-640-EX is certified for ATEX/IECEx and Class 1 Div 2 area classification and has a 640 X 480-pixel 
resolution, which is 307,200 pixels per frame. Even higher resolution cameras provide improved spatial 
resolution on tubes furthest from the installation location, and potentially fewer cameras are required.

Cooling Media

The cameras require a reliable cooling medium. Instrument air, nitrogen or cooling water are options. If 
an instrument air supply is used, it should meet the specification of an instrument air quality standard 
such as ISO 8573-1: 2010 [3:7:3]. It should be possible to route the instrument air tubing from the 
nearest air headers to the selected location of cameras. It is also possible to use other inert gases such 
as plant nitrogen which meets the specifications above for cooling medium. Therefore, air or nitrogen 
is often used on steam crackers, but water is an option either as the only or a partial cooling medium 
while still utilizing an air purge.

 

CONCLUSION
With over 100 cameras installed on steam crackers globally, and over 800 borescope cameras 
installed on all furnace types, AMETEK Land’ solution to the continuous measurement TMTs shows 
how infrared technology can be deployed to improve process safety, efficiency, and profitability. 
These benefits can only be realized with the support and collaboration between teams experienced in 
installation and process challenges.
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Our global service centres provide after-sales services to ensure you get 
the best performance from your system. This includes technical support, 
certification, calibration, commissioning, repairs, servicing, preventative 
maintenance and training. Our highly trained technicians/engineers can 
also attend your site to cover planned maintenance schedules and repair 
emergency breakdowns.
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Various non-contact infrared methods are used to measure reformer tube 
temperatures. However, these measurements rely on the accurate determination 
of tube surface emissivity, and require a method of compensating for reflections 
from the hotter surrounding furnace environment. Depending on how the furnace 
is fired, you may experience interference to these measurements caused by “dirty” 
furnace atmospheres.
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MEASURING THE TEMPERATURE OF 
REFORMER TUBE SURFACES

OUR SOLUTION IS THE GOLD CUP PYROMETER
The AMETEK Land “Gold Cup Thermometer” is the only instrument that can 
provide a repeatable, reliable reference temperature. It cancels out all the inherent 
errors typically found within other infrared thermometer devices. This instrument 
consists of a gold cup hemispherical reflector. This Gold cup reflector produces a 
measurement area, which is emissivity independent when placed upon the surface, 
making it ideal for unknown emissivity tubes.

The Gold Cup has a narrow protective edge suitable for 
tube contact. This edge prevents reflected radiation from 
the hotter surroundings from entering the cavity formed 
between the tube and the gold cup (see diagram).  

The gold reflective hemisphere integrates the emitted and 
reflected radiation producing black body conditions. This 
enhanced energy now escapes through a small aperture 
in the back of the hemisphere where it is measured by the 
thermometer module’s InGaAs detector. 

The thermometer module then transmits the temperature 
signal to the display unit. The battery powered portable 
display unit also powers the thermometer. The range of the 
thermometer is 300 to 1300 °C (572 to 2372 oF).
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