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Improved instrumentation, analytical 

technology and proven holistic control 

methodologies have enabled fired heater 

operators to improve safety while optimiz-

ing efficiency, throughput, emissions and 

asset lifespan. Although safety always is pri-

ority number one for fired assets, justifying 

expenditures purely for safety purposes can 

be difficult. Because other improvements 

are tangible, return-on-investment (ROI) 

analyses usually dictate investments in 

these critical plant components.

Typically, safe heater operation is the 

responsibility of a burner management 

system (BMS). A BMS uses a controller 

that safely allows start-up, normal opera-

tions and shut-down of a boiler, furnace, 

heater or other fired asset. During start-up, 

the BMS abides by a specific sequence of 

operations that includes purging the com-

bustion chamber of fuel and then bringing 

the fired asset to a safe and stable low-

fire condition. To ensure safety, the BMS 

employs several interlocks and permissives.

After start-up, the BMS monitors all fired 

heater operations and can take immediate 

action if it detects an anomaly. For example, 

it monitors the burner flame, stopping the 

fuel flow in case of a “flame-out.” Similar to 

the start-up sequence, the BMS uses a shut-

down sequence with the requisite interlocks 

and permissives to ensure safety.

TDLS MEASUREMENT 
TECHNOLOGY ENHANCES SAFETY
While a BMS is only as good as its input 

sources, a relatively new generation 

of analyzers provides further safety 

Up Your Fired Heater Safety 
with TDLS Technology
These analyzers offer quick and accurate live gas readings 
By Kevin Finnan, Yokogawa Corp. of America
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improvement opportunities. Industry 

groups have recognized the traditional 

approach to O2 content measurement in 

gas-fired heaters using zirconium oxide 

probes presents a safety hazard because 

the probes operate above the methane 

(CH4) ignition temperature. Cases have 

been documented in which a zirconium 

oxide probe ignited natural gas that had 

leaked into an idle fired asset.

Analytical techniques include tunable diode 

laser spectroscopy (TDLS), which mea-

sures the amount of laser light absorbed 

as a beam travels through a gas. A TDLS 

analyzer can be installed in a fired asset’s 

radiant zone and provide accurate, repeat-

able and uncorrupted live O2 measurements 

safely without contacting the process 

gases (Figure 1). With no moving parts, 

the TDLS analyzer offers a high mean time 

between failure (MTBF) and, thus, a low, 

long-term cost of ownership. Other than the 

initial configuration, no regular calibration 

is needed.

For fired assets with complex burner 

arrangements such as ethylene crackers, 

pyrolysis furnaces and reformers, a TDLS 

analyzer often will be placed in the cross-

over section between the radiant and 

convection sections.

Fired heaters are key components throughout 
the process industries.
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Safety Inherent To The TDLS Technology
n In-Situ
n N2 or Instrument Air Cooling & Glass Cleaning

n Interference Free
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Figure 1. A TDLS analyzer installed in the fired asset’s radiant zone provides accurate and repeatable 
live O2 measurements.
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TDLS ENABLES A METHANE 
BMS PERMISSIVE
In addition to O2, TDLS technology can 

provide CO and CH4 measurements. The 

methane detection capability allows for 

additional safety as the CH4 measurement 

can be used as a BMS start-up permissive, 

preventing ignition when a dangerous, fuel-

rich condition exists within the fired heater. 

Without this detection, heaters are subject 

to “huffing” (minor explosions that may not 

cause damage) or even more serious and 

potentially fatal explosion events.

OPTIMIZING COMBUSTION 
CONTROL O2 TRIM
The zirconium oxide probe technology typi-

cally employed for O2 measurements cannot 

be located in high-temperature radiant 

sections. Usually, they are placed after the 

convection section or in the stack, adding 

long measurement delays, often more 

than 30 seconds. Even worse, this loca-

tion subjects the measurements to tramp 

air, arbitrarily skewing the readings based 

on various events such as wind, humidity, 

ambient temperature and fired asset load. 

Not only does the zirconium oxide tech-

nology present a potential ignition safety 

risk, but it also contributes to excessive 

fuel consumption, excessive emissions and 

decreased production.

Conversely, in addition to improving safety, 

a TDLS analyzer enables tighter, more 

responsive O2 trim control, decreasing 

emissions while improving efficiency and 

throughput. In the radiant zone, the TDLS 

analyzer can update the BMS or combustion 

controls with a live O2 reading on a sub-

two-second cycle.

Using a slow, inaccurate traditional 

approach of measuring combustion gases 

forces plants to be unnecessarily conserva-

tive with O2 levels. Given complete mixing, 

a precise or stoichiometric amount of air 

is required to react with a given quantity 

of fuel to produce complete combustion. 

Because conditions never are ideal in real-

world applications, additional or “excess” 

air must be supplied to burn the fuel com-

pletely. Safe combustion at 1% O2 or lower 

on gas heaters and furnaces is possible, but 

few plants operate their fired asset any-

where close to this level. But if they could 

do it safely, why not?

Too little excess air results in a “fuel-rich” 

situation, producing a flue gas containing 

unburned combustibles such as carbon 

monoxide, soot or smoke. This situation 

results in a loss of efficiency because not 

all the potential energy from the fuel is 

captured in the combustion process. Fired 

assets that run fuel-rich are wasting fuel, 

which increases emissions. In addition, this 

is not a safe situation as the unburned fuel 

possibly could come into contact with an 

ignition source further down the process, 

resulting in convection section afterburning 

or an uncontrolled explosion.
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Too much excess air results in an “air rich” 

situation, resulting in complete combustion 

and safety, but also producing undesirable 

effects. Efficiency is lost in air-rich combus-

tion because excessive air flow results in 

heat loss. More fuel is required to generate 

the same amount of heat flux into the tubes, 

so fuel is wasted. Because air consists of 

more than 78% nitrogen, increasing the air 

used for combustion increases nitrogen 

concentration significantly. When exposed 

to high combustion temperatures, it can 

form “thermal NOx” such as NO or NO2.

The ideal situation is to provide just enough 

excess air to produce complete combustion 

while providing a minimal safety margin 

that accommodates uncontrollable tran-

sients and incorporating an extra level 

of security that ensures all combustibles 

are consumed.

Meeting these two constraints produces the 

highest efficiency, highest production and 

lowest emissions while ensuring maximum 

safety. The amount of excess air in the flue 

gas is determined by measuring the O2 con-

centration. The ideal excess O2 level — the 

lowest possible that allows complete com-

bustion — depends on several factors: the 

fuel type, the burner type, humidity changes 

in the air, moisture content changes in the 

fuel, varying heat demand loads, fouling 

of the burner system and mechanical wear 

of the combustion equipment. Because 

many of these factors are changing contin-

uously, the ideal amount of excess oxygen 

constantly varies. What is the ideal excess 

air setpoint?

CO TRIM CONTROL FOR 
IDEAL EXCESS O2

CO is the most sensitive indicator of incom-

plete combustion. As the amount of excess 

O2 is reduced, the emergence of CO will occur 

before other combustibles — unburned fuels 

— appear. When the concentration of CO 

reaches the specified upper limit, the excess 

O2 concentration is at its lowest accept-

able level. A minimal oxygen safety factor is 

added, becoming the new excess O2 setpoint. 

Periodically, the CO breakthrough point can 

be tested, thus reestablishing the safe excess 

O2 setpoint.

CO trim control of excess O2 concentra-

tion assures minimal energy loss, maximum 

efficiency and reduced NOx emissions 

independent of heater load, fuel type, LHV, 

humidity, moisture content in the fuel and 

other variables that make excess O2 control 

difficult. The key to obtaining these benefits 

is an accurate and reliable measurement of 

CO in low ppm levels (Figure 2).

 Efficiency is lost in air-rich combustion because 
excessive air flow results in heat loss.
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CO VISIBILITY IMPROVES SAFETY
CO detection also improves safety by pre-

venting afterburning, which could result in 

an explosion. As convection section tube 

walls are thinner than the radiant section 

tubes, they are not designed for radiant 

heating associated with afterburning.  

Furthermore, elevated CO is a warning for 

accumulated combustibles. Recently, an 

ammonia-based fertilizer plant suffered a 

severe auxiliary boiler explosion. The root 

cause was a faulty exhaust fan, which led to 

an accumulation of combustion gases. Not 

realizing the severity of the fuel-rich condi-

tion, an operator opened a port to obtain a 

better view inside the unit. 

The sudden inrush of air caused the explo-

sion. Despite severe burns, the operator 

fortunately survived. The boiler and its asso-

ciated steam methane reformer were idled 

for approximately five months while the 

auxiliary boiler was replaced, resulting in 

tens of millions of dollars of lost production.

HOLISTIC CONTROL BEYOND THE 
BMS — OTHER SAFETY BENEFITS
By deploying a holistic methodology that 

consists of contemporary measurement 

and control technologies in conjunction 

with updated operation and maintenance 

procedures, fired heater users can realize 

significant improvements in energy effi-

ciency, production, asset lifespan — and 

safety. The solution is automation plat-

form-independent. Substantially fewer 

trips and increased asset life result from 

a stabilized coil outlet temperature and 

O2 content in the flue gas. For fired assets 

such as steam methane reformers which 

use catalyst in the tubes, avoiding trips can 

be critical to extending the life of the cat-

alyst and delaying an extremely expensive 

SAFE OXYGEN LEVEL AND CO OVERRIDE
Figure 2. This chart shows an oil-burning heater safely operating at 1.6% O2, less than half the oxygen 
level traditionally used by operators of this unit.
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catalyst change turnaround. Trips always 

are inherently dangerous, as well.

A real-time heating value estimate enables 

continuous air-to-fuel ratio bias to stabilize 

combustion and heat transfer into the tubes. 

That calms fired asset operation significantly 

while minimizing the thermal stresses on the 

tubes, even under conditions such as wide 

swings in demand or fuel heating value. This 

feedforward LHV information makes the fired 

asset easier and, thus, safer to operate.

Well-balanced burners reduce maintenance 

costs and allow longer run times between 

turnarounds. Balancing the burners and 

stabilizing the coil outlet temperature 

equalizes the load and reduces the aging 

of all radiant section components. Slowing 

asset aging improves plant safety.

For ethane crackers, reduced coking results 

in fuel savings, more prolonged and cleaner 

production runs and maintenance cost 

reductions. Stabilized combustion reduces 

tube deposits, which accelerate at high 

temperatures. By smoothing out tempera-

ture peaks, fired asset operators reduce the 

necessary decoking and maintenance time 

required. Less decoking and less mainte-

nance equate to improved safety.

CONCLUSION
Contemporary measurement and control 

technologies allow fired heater oper-

ators to enhance safety and improve 

performance in a tangible manner that pro-

vides a justifiable ROI. 

Operators can realize an immediate safety 

improvement by replacing zirconium oxide 

probes with TDLS analyzers to measure the 

compositions of exhaust gases. The TDLS 

technology also enables fast, closed-loop 

control of the O2 content, which results in 

improvements in fuel efficiency, production, 

emissions and asset life.

While a post-combustion CO measure-

ment provides for tighter O2 control, it also 

improves safety as a rapid measurement to 

determine the presence of unburned fuel 

and prevent afterburning.

A TDLS analyzer can also provide the CH4 

content to a BMS for use as a “purge com-

plete” permissive.

When used in conjunction with TDLS tech-

nology, a platform-independent, holistic 

control technology can improve fired 

heater safety and performance by provid-

ing considerable functionality beyond the 

existing BMS capabilities. CO trim control of 

excess O2, balanced burners, improved heat 

transfer, stable coil outlet temperatures 

and substantially fewer trips contribute to 

these benefits.

KEVIN FINNAN is advisor, Market Intelligence and Strat-

egy at Yokogawa Corp. of America. Reach him at Kevin.

Finnan@yokogawa.com.
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ADDITIONAL RESOURCES
EHANDBOOKS
Check out our vast library of past eHandbooks that offer a wealth of information on a single topic, 

aimed at providing best practices, key trends, developments and successful applications to help make 

your facilities as efficient, safe, environmentally friendly and economically competitive as possible.

UPCOMING AND ON DEMAND WEBINARS
Tap into expert knowledge. Chemical Processing editors and industry experts delve into  

hot topics challenging the chemical processing industry today while providing insights and 

practical guidance. Each of these free webinars feature a live Q&A session and lasts 60 minutes.

WHITE PAPERS
Check out our library of white papers covering myriad topics and offering valuable insight  

into products and solutions important to chemical processing professionals. From automation  

to fluid handling, separations technologies and utilities, this white paper library has it all.

PODCAST: PROCESS SAFETY WITH TRISH & TRACI
Trish Kerin, director of IChemE Safety Centre, and Chemical Processing’s Traci Purdum discuss  

current process safety issues offering insight into mitigation options and next steps. 

ASK THE EXPERTS
Have a question on a technical issue that needs to be addressed? Visit our Ask the Experts 

forum. Covering topics from combustion to steam systems, our roster of leading subject 

matter experts, as well as other forum members, can help you tackle plant issues.
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