
[ 55 ]

Abstract:
Fire incidents in pulp and paper mills remain one of the most critical threats to operational 
safety and sustainability. The famous principle that “prevention is better than cure” has long 
underlined the importance of proactive fire management. This paper adopts that philosophy 
to emphasize the value of precautionary strategies in papermaking operations. Key hazards 
in the industry—ranging from improper chemical handling, combustible dust, and high-
temperature processes to mechanical failures—continue to create conditions for ignition. 
A structured fire risk assessment, supported by modern monitoring systems and preventive 
measures, can significantly reduce the likelihood of such incidents. This study reviews critical 
mill sections prone to fire, analyzes common vulnerabilities, and proposes engineering, 
procedural, and cultural interventions aimed at ensuring safety, asset protection, and 
operational continuity. 

Keywords: Pulp mill, Paper machine section, Chemical recovery island, Fire detection 
& suppression systems, Risk mitigation & safety innovations, Industrial fire protection & 
sustainable papermaking.

An Ounce of Precaution is worth  
a pound of Cure 

(in the Context of Fire Safety in Pulp & Paper Industry).

Introduction
Benjamin Franklin used the phrase “An ounce of prevention is worth a pound of cure.” in the context 
of fire safety when he was advocating for organized fire protection in Philadelphia, 1736. While he did 
not used the exact words “Precaution is better than Cure”, the meaning is nearly identical. Likewise, in 
this paper I used the phrase “An ounce of Precaution is worth a pound of Cure.” – mixing the afore two 
phrases, suitable to deliver some concepts about the safety measures that must be installed or maintained 
by different paper mills for fire safety. 

Indian pulp and paper industry, more than 850 operating mills, plays an integral role in the nation’s 
industrial economy.[1] However, the very nature of papermaking—combining combustible fiber, volatile 
chemicals, fine dust, and continuous high-temperature equipment—creates an environment that is 
highly susceptible to fire. Over the years, mills have faced repeated incidents that resulted in production 
downtime, asset losses, environmental damage, and in severe cases, casualties.

Although regulatory guidelines for fire safety are well established, their implementation in many mills 
remains inconsistent or outdated. Insurance assessments and industry surveys continue to highlight 
substantial financial losses each year due to fire-related disruptions. These risks arise from multiple 
sources, such as dust accumulation, unsafe storage of wastepaper during peak summer months, thermal 
overload in mechanical equipment, deteriorated electrical installations, and lapses in chemical handling  
protocols.[2]. Weak detection systems, poor maintenance practices, and inadequate workforce 
preparedness further magnify these risks.

To address these challenges, mills must move beyond minimum compliance and adopt a holistic fire 
safety framework. This includes preventive maintenance programs, advanced detection and suppression 
technologies, disciplined housekeeping, and capacity-building initiatives for employees.[3]. The present 
study seeks to examine current practices, highlight systemic deficiencies, and recommend practical 
solutions that enhance fire resilience in the paper industry.

PLACES & LOCATIONS

A.PULP MILL SECTION:

Pulp mills are fire-prone environments where combustible materials, high heat, and reactive chemicals 
coexist. Unlike many industries, hazards extend across the entire process—from wood handling to pulp 
drying—each stage carrying unique risks that can escalate into serious incidents if not properly controlled.

1.Raw Material Handling and Storage

The risk profile of a pulp mill is already pronounced at its very first operational stage—raw material 
handling and storage. When logs, barks, straw and chips are unloaded and stockpiled in bulk, they 
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Fig 1. A. Steam Leak from pipeline. B. Steam Leak from Flange of Valve.  C. 
Chemical or water leak from flange of valve.[6]

undergo slow biological and chemical processes. Within large, compacted 
piles, microbial degradation and oxidative reactions generate internal heat. 
If proper aeration or temperature regulation is not maintained, this localized 
heating can escalate over time, eventually resulting in self-ignition without 
any external flame source. The risk is further amplified during warmer 
climatic conditions or when storage piles are left undisturbed for extended 
period.

Chipping, conveying, and screening generate fine dust that can form 
combustible clouds when airborne.[4]. Even small ignition sources—static 
discharge, friction, or equipment sparks—may trigger explosions.[4]. 
Enclosed spaces like chip silos and conveyors intensify the risk, as limited 
ventilation allows particles to accumulate and amplify the event.

2.Equipment Operations

The digester system forms the nucleus of chemical pulping, where wood 
chips are cooked into pulp through the action of high-pressure steam and 
cooking liquors. These liquors, typically composed of sodium hydroxide 
and sodium sulfide, also uses NaCl, are not only corrosive in nature but also 
highly exothermic when they come into contact with organic matter, water, or 
incompatible substances. This inherent reactivity adds another dimension of 
fire vulnerability, as even a minor leak or uncontrolled release can generate 
substantial heat, increasing the likelihood of ignition when combustible 
residues are present nearby. 

Thermal image, of an exothermic reaction (sodium hydroxide in water) in a 
plastic cup, generated by an IR camera showed the instant rise in temperature 
during the reaction in an experimental thesis carried out by Christopher Robin 
Samuelsson.[5]

Operating at elevated pressures and temperatures, digesters carry multiple 
ignition pathways. Leaks of white liquor or other chemicals, as shown in 
Fig 1. (C)  when combined when combined with hot metal surfaces, friction 
from moving parts, or deposits of grease and fiber dust, can serve as effective 
ignition triggers. Over time, the structural integrity of digesters may also 
weaken due to the corrosive action of these chemicals, magnifying the risk 
of unanticipated failures that could release both heat and reactive chemicals 
simultaneously.
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FFiigg 11.. A. Steam Leak from pipeline. B. Steam Leak from Flange of Valve. C. Chemical or water leak from flange of
valve.[12]

Steam leaks present an additional indirect fire risk. High-pressure steam jets, while non-flammable
themselves, can disperse settled fiber dust into the air, creating explosive dust clouds. In the confined
environment of digester galleries, even a small electrical spark or overheated bearing could act as a
sufficient ignition source. Such scenarios often exhibit a cascading effect, where one minor failure
rapidly intensifies into large-scale fire damage or explosions.

Massive Blast of the pulp digestor at the Androscoggin Mill in Jay, Maine on 2020.[8] According to news,
there was gas build up inside the digestor which led to the devastating explosion.[8] The incident
resulted in the uncontrolled release of fiber, aqueous media, and residual pulping chemicals,
culminating in the suspension of pulp production and the eventual permanent decommissioning of
the facility in 2023.[8]

Conveyor belt fires in pulp mills are a serious concern, as the belts can quickly channel flames once
ignited.[9] Their continuous motion and combustible cover materials make them vulnerable, with the
belt itself often acting as fuel under high heat.[9] Misalignment and friction between moving parts
further increase the risk, as localized overheating can escalate into full-scale fires.[9]

Steam leaks, as shown in Fig 1. (A) & (B), present an additional indirect fire 
risk. High-pressure steam jets, while non-flammable themselves, can disperse 
settled fiber dust into the air, creating explosive dust clouds. In the confined 
environment of digester galleries, even a small electrical spark or overheated 
bearing could act as a sufficient ignition source. Such scenarios often exhibit 
a cascading effect, where one minor failure rapidly intensifies into large-scale 
fire damage or explosions.

Massive Blast of the pulp digestor at the Androscoggin Mill in Jay, Maine 
on 2020.[7] According to news, there was gas build up inside the digestor 

which led to the devastating explosion.[7] The incident resulted in the 
uncontrolled release of fiber, aqueous media, and residual pulping chemicals, 
culminating in the suspension of pulp production and the eventual permanent 
decommissioning of the facility in 2023.[7] 

Conveyor belt fires in pulp mills are a serious concern, as the belts can quickly 
channel flames once ignited, as shown in Fig 2.[8]. Their continuous motion and 
combustible cover materials make them vulnerable, with the belt itself often acting 
as fuel under high heat.[9] Misalignment and friction between moving parts further 
increase the risk, as localized overheating can escalate into full-scale fires.[8]

Documented cases from industries in countries such as Brazil and Australia 
underscore the scale of these hazards.[8] Investigations revealed that conveyor 
installations positioned too close to the ground, combined with twisted frame 
geometries and excessive deformation in structural members, significantly 
magnified fire risk.[8] In some instances, deformation levels reached up to 
70% of the conveyor framework, leaving the equipment compromised and 
intensifying the destructive potential of fire.[8]

3.Bleaching Plants

The bleaching section of a pulp mill is one of the highest fire-risk zones due to 
the use of oxidizing chemicals such as chlorine dioxide, ozone, and hydrogen 
peroxide. These agents are vital for pulp brightness but are unstable and can 
react violently if exposed to heat, friction, or incompatible materials. Safe 
storage and transfer remain major concerns—chlorine dioxide is explosive 
at high concentrations, while hydrogen peroxide decomposes on catalytic 
surfaces, releasing oxygen that can intensify fires. Even minor lapses in dilution, 
concentration control, or mixing order may trigger hazardous reactions.

Plant design adds to the danger. Confined storage areas and closed piping, 
although intended to limit contamination, can trap vapors and accelerate fire 
or explosion spread if containment fails. The presence of cellulose fibers and 
paper dust further increases ignition risk, while leaks from pipelines, valves, 
or pumps not only waste chemicals but also create persistent fire hazards.

4.Pulp Drying and Baling Sections

In the final stages of pulp production—drying, pressing, and baling—the fire 
risk increases significantly. High-temperature systems such as steam-heated 
cylinders, infrared units, and hot-air dryers operate alongside dried cellulose 
fibers, where even minor sparks or overheating can ignite fires. Fine pulp dust 
further heightens the danger, as it is highly flammable and capable of forming 
explosive atmospheres in ducts or confined areas.

Mechanical and electrical equipment also contribute to vulnerability. Friction 
in rolls, conveyors, or bearings, as well as faults in motors or circuits, can 
generate ignition sources. Once a fire begins, the porous structure of pulp 
sheets and densely stacked bales accelerates its spread. In such conditions, a 
single ignition can trigger a domino effect, rapidly escalating into widespread 
damage and severe material losses.

Pulp bales catch fire and show the “Domino Effect”, more than 10,000 tons of 
compacted paper bales burn in Shreveport fire, more than 50 units responded 
to a massive 3-alarm fire on March 17, 2025 night at Pratt Industries in The 
Port of Caddo-Bossier.[9]

B.PAPER MACHINE SECTION:

The paper machine section is a fire-sensitive zone in a mill, combining drying, 
pressing, calendaring, coating, winding, and finishing. Each stage involves 
combustible fibers, high heat, friction, and electrical systems, making small 
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FFiigg 22.. Belt Conveyor catches fire.[9]

Documented cases from industries in countries such as Brazil and Australia underscore the scale of
these hazards.[9] Investigations revealed that conveyor installations positioned too close to the ground,
combined with twisted frame geometries and excessive deformation in structural members,
significantly magnified fire risk.[9] In some instances, deformation levels reached up to 70% of the
conveyor framework, leaving the equipment compromised and intensifying the destructive potential
of fire.[9]

3. Bleaching Plants
The bleaching section of a pulp mill is one of the highest fire-risk zones due to the use of oxidizing
chemicals such as chlorine dioxide, ozone, and hydrogen peroxide. These agents are vital for pulp
brightness but are unstable and can react violently if exposed to heat, friction, or incompatible
materials. Safe storage and transfer remain major concerns—chlorine dioxide is explosive at high
concentrations, while hydrogen peroxide decomposes on catalytic surfaces, releasing oxygen that can
intensify fires. Even minor lapses in dilution, concentration control, or mixing order may trigger
hazardous reactions.

Plant design adds to the danger. Confined storage areas and closed piping, although intended to limit
contamination, can trap vapors and accelerate fire or explosion spread if containment fails. The
presence of cellulose fibers and paper dust further increases ignition risk, while leaks from pipelines,
valves, or pumps not only waste chemicals but also create persistent fire hazards.

4. Pulp Drying and Baling Sections
In the final stages of pulp production—drying, pressing, and baling—the fire risk increases significantly.
High-temperature systems such as steam-heated cylinders, infrared units, and hot-air dryers operate
alongside dried cellulose fibers, where even minor sparks or overheating can ignite fires. Fine pulp
dust further heightens the danger, as it is highly flammable and capable of forming explosive
atmospheres in ducts or confined areas.

Mechanical and electrical equipment also contribute to vulnerability. Friction in rolls, conveyors, or
bearings, as well as faults in motors or circuits, can generate ignition sources. Once a fire begins, the
porous structure of pulp sheets and densely stacked bales accelerates its spread. In such conditions, a
single ignition can trigger a domino effect, rapidly escalating into widespread damage and severe
material losses.

Fig 2. Belt Conveyor catches fire.[8]
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faults or lapses potential ignition sources. Effective risk control depends on 
pinpointing vulnerable areas and understanding how these hazards develop.

1.Dryer Section – A Zone of Elevated Thermal Vulnerability, also Risks 
Driven by Friction and Lubricants

The dryer section of a paper machine is among the most fire-prone areas, 
as steam-heated cylinders and other thermal systems operate at high surface 
temperatures in direct contact with combustible fibers. Web breaks or sheet 
wraps are frequent ignition triggers, since paper trapped on hot cylinders can 
scorch or ignite, often unnoticed within enclosed hoods.

Dust and fiber residues add to the risk, settling in ducts and hoods where even 
small accumulations can ignite from sparks, static discharge, or overheated 
surfaces. Suspended dust also creates potential for explosions if ventilation 
is poor. Mechanical issues—such as faulty bearings, misaligned rolls, or lack 
of lubrication—generate frictional heat near flammable material, while leaks 
of hydraulic oil or grease in felts can act as accelerants once they reach flash 
point. Dryer Cylinder Blast at Veer Balaji Paper Mill in Muzaffarnagar on 07 
July 2025 leading to death of one Shift In-charge and 4 workers injured.[10]

The enclosed design of the dryer section makes fires difficult to detect and 
control. Flames can spread rapidly through airflows and vapor streams within 
hoods or ducts, often before suppression systems respond. Continuous 24/7 
operation further limits opportunities for thorough cleaning and maintenance, 
allowing hazardous buildups to persist. Restricted access compounds the 
challenge, so by the time smoke or flames are visible, the incident is often 
already advanced.

2.Press and Calendar Section

In the press and calendar sections, the paper sheet is compacted under heavy 
mechanical loads. The interaction of rolls, felts, and bearings generates 
considerable frictional heat. Misaligned rolls, inadequate lubrication, or 
worn bearings can cause overheating to ignition levels. Hydraulic fluids and 
lubricating oils used in these zones are also flammable, and leaks absorbed 
into felt fabrics create hidden fire sources. Overheated felts or oil-soaked 
machine parts have historically been linked to fires, highlighting the need for 
vigilant thermal monitoring and preventive maintenance.

3.Coating and Size Press Areas – Combustible Residues and Vapor 
Hazards

The coating and size press units apply starch solutions, binders, and polymer 
additives to improve paper quality. While these materials enhance product 
performance, their dried residues can act as combustible deposits on machine 
surfaces. Vapor emissions from some additives may also create localized 
explosive atmospheres. Malfunctioning infrared dryers, heating coils, or 
faulty electrical circuits can ignite these residues, leading to rapid fire 
propagation. Because coating kitchens often involve multiple storage tanks 
and continuous pipelines, even a small ignition incident can escalate if not 
controlled swiftly.

4.Reel and Winder Section – Smouldering Fires in Finished Rolls

The reel and winder section presents one of the highest fire loads in the 
machine line. Here, large rolls of finished paper are wound, cut, and stored. 
Sparks generated from static discharge, overheated bearings, or electrical 
faults can ignite these rolls. The danger lies in the ability of fire to smoulder 
deep within tightly wound roll cores, remaining undetected for hours before 
erupting into open flames. Once ignited, fire spreads quickly between rolls, 
posing significant challenges for suppression and often resulting in extensive 
product loss.

5.Electrical Hazards Throughout the Machine Line

Electrical systems power critical components of paper machines, from motors 
and converters to transformers and automation units, but they also represent 
a major fire risk. Mills operate under humid, dusty conditions where steam 
and fiber particles accelerate insulation wear and increase fault potential. 
Even small issues—like damaged cables, loose connections, or overloaded 
circuits—can generate sparks that ignite surrounding dust or lint. Fires 
often remain hidden in cable trays or electrical rooms until they escalate, as 
combustible deposits accumulate in hard-to-reach areas.

Major fire broke out at a paper manufacturing unit at Sahibabad Site IV 
industrial area, Ghaziabad early morning on 08 July 2025, and the raging 
blaze later also engulfed another unit existing in the same premises, fire 
officials said, adding a short-circuit is suspected to have sparked the fire.[11]

The thermal stress on electrical cables also deserves attention. Overheating 
due to inadequate cooling, poor ventilation, or excessive current loads can 
cause progressive deterioration of conductor insulation. When insulation 
breaks down under heat and moisture, the likelihood of arcing, short circuits, 
or flashovers significantly increases. These failures, especially in proximity 
to fiber-laden ducts or processing areas, can cascade into uncontrollable fires 
that disrupt the entire production chain.

C.CHEMICAL RECOVERY ISLAND:

The chemical recovery island is widely recognized as the most high-risk 
operational zone due to the complex interplay of heat, chemicals, and 
combustion processes.

1.Recovery Boiler Operations

The recovery boiler stands as the most crucial component in the chemical 
recovery cycle, where concentrated black liquor is combusted to reclaim 
valuable sodium-based pulping chemicals while simultaneously generating 
high-pressure steam for mill power needs. Functioning under intense thermal 
conditions, the boiler continuously processes molten smelt, volatile gases, and 
suspended organic particulates. This environment inherently carries elevated 
fire and explosion risks. Even slight irregularities—such as fluctuations in 
fuel-air ratios, disturbances in the smelt bed, or suboptimal combustion 
efficiency—can quickly destabilize the process, creating conditions favorable 
for ignition.

Among the many risks, the interaction between molten smelt and water 
represents the single most catastrophic hazard. When water, even in minute 
quantities, comes into contact with smelt at temperatures exceeding 1000°C, 
the instantaneous conversion of water to steam produces a violent expansion. 
This results in a steam-driven explosion, propelling molten material outward 
at high velocity. Such an event not only generates localized fires but also has 
the potential to compromise the integrity of surrounding structures, creating 
a chain reaction that can engulf the boiler house in flames within seconds.

Over the past four decades, recovery boilers have increased in size while fatal 
accidents have declined. A notable incident occurred in 1965 at Finland’s 
Äänekoski mill, where a smelt–water explosion from a cracked tube caused 
multiple casualties and long downtime.[12] The tragedy highlighted the 
need for rapid shutdown systems, which later evolved into BLRBAC safety 
guidelines and were adopted in Europe during the 1970s.[12]

Modern boilers prioritize safety through BLRBAC, Finnish, and Swedish 
standards, supported by supplier innovations. [12] However, their massive 
scale—handling thousands of tons of liquor—means even small water 
leaks from operations or maintenance can trigger severe incidents that are 
extremely difficult to control due to high heat, flammable gases, and strong 
airflow within the furnace.

2.Lime Kiln

The lime kiln, essential for regenerating lime in the recovery cycle, carries 
significant fire risks due to its continuous high-temperature operation. Fuel 
combustion exposes the kiln lining and shell to extreme stress, and issues 
such as misaligned burners, poor air–fuel mixing, or unstable flames can 
cause incomplete combustion and the buildup of flammable gases.

Over time, carbon and material deposits on refractory surfaces can create 
hotspots, shortening refractory life and acting as ignition points. If not properly 
managed, these conditions can lead to secondary fires, serious equipment 
damage, and extended downtime, posing safety risks for personnel.

In chemical recovery, the lime kiln is the main consumer of fossil fuels, 
traditionally powered by natural gas or oil. [13] To cut emissions, mills are 
increasingly adopting CO₂-neutral alternatives such as wood powder, biomass 
gasification, and in some cases, by-products like methanol, turpentine, or tall 
oil. [13] Lignin extraction from black liquor has also emerged as a renewable 
fuel source. [13] While practical, these options often require drying, grinding, 
and careful handling, especially for biomass fuels like chips, pellets, or 
sawdust. [13] The use of varied fuels introduces significant fire risks. [13] 
Biomass is highly combustible and can ignite during processing or storage if 
dust accumulates or ventilation is poor. [13] Volatile by-products pose flash 
fire hazards, while leaks, burner faults, or improper fuel–air mixing may lead 
to explosions. [13] These risks highlight the need for strict monitoring, dust 
suppression, and safe fuel-handling practices. [13]
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Effective fire risk management in lime kilns therefore requires rigorous 
monitoring of combustion efficiency, regular cleaning of refractory linings, 
and precise control of airflow and fuel delivery systems to maintain safe and 
stable operating conditions.

3.Recausticizing Plant

The recausticizing process involves converting green liquor into white 
liquor by reacting with lime. While not flame-based, it presents unique fire 
hazards due to the generation of fine lime dust. This airborne dust, when 
suspended in confined zones, behaves like other combustible dusts found in 
industrial operations. A static discharge, frictional spark, or hot surface in 
dust-laden atmospheres may result in flash fires or dust explosions. Improper 
housekeeping, ineffective dust collection, or inadequate ventilation amplify 
these risks.

4.Supporting Systems and Integration Risks

Beyond individual equipment, the greatest danger in the recovery island comes 
from the synergistic interaction of multiple high-energy systems operating in 
proximity. Recovery boilers, lime kilns, fuel storage tanks, conveyors, and 
dust handling units form a tightly coupled process chain. A malfunction in one 
subsystem—such as a leaking steam line, an overheated pump, or insulation 
breakdown—can cascade into adjacent units, magnifying the scale of fire 
incidents. The high pressure, elevated temperatures, and chemical reactivity 
involved make containment extremely difficult once ignition begins.

ALARMS, TRAININGS, PRECAUTIONS & SOLUTION- ALL 
MATTERS.

In high-risk environments such as pulp and paper mills, safety cannot be an 
afterthought—it must be embedded into every stage of operation. A robust 
safety framework rests on four interdependent pillars: alarms, trainings, 
precautions, and solutions.

A.Precautions and Preventive Protocols

Preventive upkeep and disciplined housekeeping form the primary defense 
against fire risks. Routine checks on conveyors, electrical systems, and 
chemical storage help uncover hazards early, while proper ventilation 
prevents buildup of vapors and fiber dust. Using flame-retardant cables, non-
sparking tools, and antistatic flooring further lowers risks in dust-prone zones.

The wood yard and chip storage facilities represent persistent fire-prone zone 
in a pulp mill, where the convergence of bulk organic material, microbial 
activity, fine dust, and mechanical equipment provides multiple ignition 
pathways. To counteract these risks, mills must adopt proactive measures such 
as systematic pile rotation, temperature monitoring, dust extraction systems, 
static charge grounding, and controlled ventilation, ensuring that this primary 
stage of the pulping process does not become the source of devastating fire 
incidents.

The role of insulation is critical in context of equipment dealing with high 
temperature & pressure. Prolonged thermal stress, chemical seepage, or 
moisture penetration can degrade insulation layers, exposing hot surfaces. 
When such surfaces come into contact with fibrous material, lubricants, or dust 
accumulations, the chances of localized fire incidents increase substantially. 
Moreover, defective relief valves, pressure build-up from malfunctioning 
seals, or inadequately monitored gauges can cause uncontrolled discharges, 
escalating hazards to a catastrophic scale.

Therefore, digesters and boilers necessitate constant vigilance through 
advanced monitoring technologies, including thermal imaging, acoustic 
leak detection, and predictive maintenance of valves, seals, and insulation 
systems. When combined with strict operating discipline and contingency 
protocols, these measures are essential to reducing the high fire susceptibility 
of this critical section of the pulp mill & chemical recovery island.

Stringent preventive strategies are also necessary. These include real-time 
monitoring of furnace parameters, rapid detection of tube leaks, maintaining 
strict separation between water and smelt systems, and deploying emergency 
quench and suppression systems. Moreover, comprehensive operator 
training and adherence to well-defined smelt–water reaction protocols are 
indispensable for safeguarding both personnel and equipment.

Preventing conveyor belt fires requires addressing common risk factors. 
Locked rollers and belt jams generate frictional heat that can ignite rubber 
surfaces, making wireless vibration and temperature sensors crucial for early 
detection. Drum blockages, or skidding, create similar hazards by overheating 

elastomers, which can also be tracked through vibration monitoring. 
Misalignment not only increases fire risk through friction but also damages 
structural components, highlighting the need for continuous condition 
analysis, especially in long-distance systems. Additionally, vegetation near 
conveyors poses an external ignition source, particularly in dry seasons, 
making routine clearance and safe distance maintenance essential.

The bleaching section in a pulp mill, demanding a layered safety strategy. Key 
measures include real-time monitoring of chemical and process parameters, 
explosion-proof electrical systems, and suppression technologies suited for 
oxidizer-based fires. Equally vital are strict operating procedures, regular 
worker training, and coordination with emergency teams. Given its volatile 
mix of reactive chemicals and combustible conditions, this section requires 
strict process discipline and continuous oversight to reduce fire risks and 
disruptions.

The drying and baling section of a pulp mill demands stringent fire protection 
strategies. This includes continuous thermal monitoring of bearings and 
motors, dust extraction systems, spark detection and suppression units in 
pneumatic conveyors, and strict preventive maintenance routines. Additionally, 
fire compartmentalization, automatic sprinkler or mist suppression systems, 
and real-time alarm integration with central control rooms are essential for 
containing incidents before they spread uncontrollably.

To address the inherent fire hazards associated with lime kilns and recovery 
boiler units, mills adopt a comprehensive, layered safety framework. Advanced 
process control and monitoring systems are deployed to continuously track 
combustion stability, temperature fluctuations, and potential leaks, ensuring 
that deviations are quickly identified and corrected. A particular focus is 
placed on preventing smelt–water interactions, which are among the most 
dangerous events in recovery operations; dedicated leak-detection sensors, 
automated isolation mechanisms, and strict operating protocols act as 
safeguards against such occurrences.[12] Fire suppression systems—ranging 
from water mist to localized foam extinguishers—are strategically integrated 
with dust collection units to minimize both ignition sources and combustible 
material buildup. Complementing these measures, thermal imaging cameras 
and infrared monitoring technologies are increasingly utilized to detect 
hidden hotspots before they escalate into fire events. Finally, disciplined 
housekeeping practices and rigorous inspection routines are enforced across 
recovery operations to reduce dust accumulation, monitor equipment wear, 
and extend asset reliability. Together, these multi-tiered strategies create 
a resilient safety net that enhances operational security and minimizes the 
likelihood of catastrophic fire incidents.

Modern recovery boilers are designed with advanced safety features, 
including interlocking systems (SRS), automated emergency shutdown 
procedures (ESP), and rapid drain mechanisms to ensure prompt response 
during abnormal conditions.[12] Particular emphasis is placed on the integrity 
of steam and condensate systems, as well as the controlled combustion of 
non-condensable gases (NCGs) within the furnace.[12] The overall safety 
framework is guided by structured risk assessments such as HAZOP, along 
with compliance to BLRBAC and EN standards.[12] Key safeguards include 
primary and purging interlocks, auxiliary fuel interlocks, as well as CNCG 
and DNCG combustion interlocks, ensuring layered protection against 
potential hazards.[12] Importantly, these safety provisions are standardized 
and remain essential regardless of the recovery boiler’s capacity, underlining 
their universal relevance to safe mill operations.

Using biomass fuels such as wood powder in lime kilns offers sustainability 
benefits but also introduces heightened fire risks. To address these challenges, 
safety must remain the foundation of kiln operation. Continuous temperature 
monitoring is critical to detect abnormal heating before ignition occurs. Strict 
housekeeping around fuel preparation and grinding systems minimizes the 
accumulation of combustible dust, which is often a hidden ignition source. 
Controlling moisture content and ensuring proper particle size not only 
improve combustion efficiency but also reduce the probability of sparks or 
hotspots. Low-temperature belt dryers, ideally using waste heat from other 
mill processes, are recommended for drying, as they handle varying particle 
sizes safely and lower the chances of fire during fuel preparation. Together, 
these layered precautions create a safer operating environment while 
maintaining kiln performance.

To get rid of Electrical Hazards, Systematic preventive measures are 
indispensable. Routine thermographic inspections help detect hotspots before 
they evolve into failures. The use of flame-retardant and low-smoke zero-
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halogen (LSZH) cables minimizes the risk of flame spread and toxic emissions 
in the event of fire. Installation of arc-flash protection systems, along with 
automatic circuit breakers and real-time monitoring of load conditions, 
provides a critical safeguard. Additionally, keeping electrical panels sealed 
against dust ingress and maintaining dedicated fire suppression systems (such 
as CO₂ flooding in control rooms) enhances resilience.

B.Advanced Detection and Alarm Systems

In pulp and paper operations, where fire hazards are inherently high due to 
combustible dust, flammable vapors, and elevated operating temperatures, 
early detection technologies form the first line of defense. Thermal imaging 
cameras are particularly valuable in identifying abnormal heat build-up in 
bearings, conveyor belts, or steam-heated cylinders well before ignition 
occurs.[14] Similarly, smoke and particulate sensors & flame detectors as 
shown in Fig 3, can detect even minute traces of combustion byproducts 
in enclosed areas such as dryer hoods and duct systems, giving operators 
sufficient lead time to intervene.[14]

Gas-leak detection systems also hold critical importance, especially in 
chemical recovery units and lime kilns, where the uncontrolled release of 
volatile gases can accelerate fire and explosion risks.[14] When alarms are 
precisely calibrated and strategically placed, they not only provide localized 
warnings but can also be integrated into centralized monitoring systems for 
mill-wide oversight.[14]
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ignition occurs. Strict housekeeping around fuel preparation and grinding systems minimizes the
accumulation of combustible dust, which is often a hidden ignition source. CCoonnttrroolllliinngg mmooiissttuurree
ccoonntteenntt and ensuring proper particle size not only improve combustion efficiency but also reduce the
probability of sparks or hotspots. Low-temperature belt dryers, ideally using waste heat from other
mill processes, are recommended for drying, as they handle varying particle sizes safely and lower the
chances of fire during fuel preparation. Together, these layered precautions create a safer operating
environment while maintaining kiln performance.
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thermographic inspections help detect hotspots before they evolve into failures. The use of ffllaammee--
rreettaarrddaanntt aanndd llooww--ssmmookkee zzeerroo--hhaallooggeenn ((LLSSZZHH)) ccaabblleess minimizes the risk of flame spread and toxic
emissions in the event of fire. Installation of aarrcc--ffllaasshh pprrootteeccttiioonn ssyysstteemmss, along with automatic circuit
breakers and real-time monitoring of load conditions, provides a critical safeguard. Additionally,
keeping electrical panels sealed against dust ingress and maintaining dedicated fire suppression
systems (such as CO₂ flooding in control rooms) enhances resilience.

BB.. AAddvvaanncceedd DDeetteeccttiioonn aanndd AAllaarrmm SSyysstteemmss
In pulp and paper operations, where fire hazards are inherently high due to combustible dust,
flammable vapors, and elevated operating temperatures, early detection technologies form the first
line of defense. TThheerrmmaall iimmaaggiinngg ccaammeerraass are particularly valuable in identifying abnormal heat build-
up in bearings, conveyor belts, or steam-heated cylinders well before ignition occurs.[13] Similarly,
ssmmookkee aanndd ppaarrttiiccuullaattee sseennssoorrss can detect even minute traces of combustion byproducts in enclosed
areas such as dryer hoods and duct systems, giving operators sufficient lead time to intervene.[13]

FFiigg 33.. Flame detector – field proven, reliable detectors that provide the most comprehensive protection against
hydrocarbon-based fuel and gas fires, hydroxyl and hydrogen fires, and metal and inorganic fires.[13]

Gas-leak detection systems also hold critical importance, especially in chemical recovery units and
lime kilns, where the uncontrolled release of volatile gases can accelerate fire and explosion risks.[13]

When alarms are precisely calibrated and strategically placed, they not only provide llooccaalliizzeedd
wwaarrnniinnggss but can also be integrated into centralized monitoring systems for mill-wide oversight.[13]

Fig 3. Flame detector – field proven, reliable detectors that provide the most 
comprehensive protection against hydrocarbon-based fuel and gas fires, 

hydroxyl and hydrogen fires, and metal and inorganic fires.[14]
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Fig 4. Gas detector for the detection of ammonia escapes, which is pervasive 
in pulp and paper mills. Toxin gas detector- detector for hydrogen sulfide, very 

common in pulp and paper manufacturing.[14] 

The real effectiveness of alarms, however, lies in their integration with 
automated response mechanisms. For example, interlinking detection 
systems with emergency shutdown controls, sprinkler activation, or inert gas 
flooding systems ensures that suppression begins instantly—often faster than 
manual intervention could achieve. This becomes especially crucial in high-
temperature environments like recovery boilers and dryer sections, where a 
delay of even a few seconds can mean the difference between a manageable 
event and a full-scale disaster. Hence, timely and multiple alarms, not just 
one – so as if one alarm fails then the other alerts, to provide operators 
with a critical window to intervene before localized hazards transform into 
widespread emergencies.

Furthermore, modern systems are increasingly being enhanced with AI-based 
predictive analytics, enabling detection of abnormal patterns rather than just 
reacting to visible signs of fire. This predictive approach significantly reduces 
false alarms while strengthening resilience against unforeseen failures. 
Ultimately, detection and alarm systems serve not only as early-warning tools 

but also as proactive safeguards that stabilize operations and protect both 
personnel and assets.

C.Training and Workforce Preparedness

Technology and infrastructure alone cannot guarantee fire safety in 
papermaking operations unless supported by a workforce that is well-prepared 
to handle emergencies. Continuous training is essential to equip employees 
with both technical knowledge and situational awareness. Regular fire drills, 
mock evacuation exercises, and scenario-based simulations build confidence, 
enabling personnel to act swiftly and effectively when unexpected incidents 
occur as shown in posters in Fig 5. Specialized sessions on chemical handling, 
electrical safety, and high-temperature equipment operation further reduce the 
probability of human error.
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FFiigg 44.. Gas detector for the detection of ammonia escapes, which is pervasive in pulp and paper mills. Toxin gas
detector- detector for hydrogen sulfide, very common in pulp and paper manufacturing.[13]
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window to intervene before localized hazards transform into widespread emergencies.
Furthermore, modern systems are increasingly being enhanced with AAII--bbaasseedd pprreeddiiccttiivvee aannaallyyttiiccss,
enabling detection of abnormal patterns rather than just reacting to visible signs of fire. This
predictive approach significantly reduces false alarms while strengthening resilience against
unforeseen failures. Ultimately, detection and alarm systems serve not only as early-warning tools but
also as pprrooaaccttiivvee ssaaffeegguuaarrddss tthhaatt ssttaabbiilliizzee ooppeerraattiioonnss aanndd pprrootteecctt bbootthh ppeerrssoonnnneell aanndd aasssseettss..

CC.. TTrraaiinniinngg aanndd WWoorrkkffoorrccee PPrreeppaarreeddnneessss
Technology and infrastructure alone cannot guarantee fire safety in papermaking operations unless
supported by a workforce that is well-prepared to handle emergencies. Continuous training is
essential to equip employees with both technical knowledge and situational awareness. Regular fire
drills, mock evacuation exercises, and scenario-based simulations build confidence, enabling
personnel to act swiftly and effectively when unexpected incidents occur. Specialized sessions on
chemical handling, electrical safety, and high-temperature equipment operation further reduce the
probability of human error.

FFiigg 55.. AI generated posters on training. [Generated by Sora][11]

However, preparedness must move beyond a “checklist” approach to compliance. The true objective
is cultivating a proactive safety culture where employees are trained to notice early warning signals
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However, preparedness must move beyond a “checklist” approach to compliance. The true objective
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Fig 5. AI generated posters on training. [Generated by Sora][15]

However, preparedness must move beyond a “checklist” approach to 
compliance. The true objective is cultivating a proactive safety culture where 
employees are trained to notice early warning signals such as abnormal 
vibrations in conveyor rollers, overheating bearings, or even subtle changes 
like unusual odors and steam leakage. When workers feel empowered to 
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report and act upon these observations without hesitation, they become the 
first line of defense against potential disasters. In this way, training is not 
just about response—it is about prevention, vigilance, and embedding safety 
awareness into everyday routines.

D.Engineered Solutions and Systemic Longterm Resilience

Beyond routine preventive measures, the papermaking industry must 
integrate engineered safety systems that ensure resilience against fire hazards 
at both operational and structural levels. Fire suppression strategies should 
never be generic; instead, they must be tailored to the unique conditions of 
each section of the mill. For example, water-mist systems are highly effective 
in dryer sections where high temperatures prevail but where water-sensitive 
equipment must be protected, while CO₂ flooding systems are better suited 
for enclosed spaces such as control rooms or cable tunnels. Foam-based 
extinguishing technologies are particularly valuable in chemical storage 
areas, where flammable liquids present a heightened risk of ignition. 

Modern safety management now extends beyond reactive suppression into 
predictive and preventive domains. Emerging technologies such as digital 
twins and AI-enabled monitoring platforms provide virtual replicas of mill 
operations, continuously analyzing real-time process data. These tools 
allow for anomaly detection before critical thresholds are reached, enabling 
proactive interventions such as adjusting process parameters, scheduling 
maintenance, or isolating high-risk zones before a fire can develop. Predictive 
analytics further strengthen decision-making by identifying recurring patterns 
of near-miss events, transforming lessons learned into actionable safety 
improvements. However, true resilience is achieved not merely through 
advanced tools but through systematic governance. Periodic safety audits, 
third-party inspections, and benchmarking against international fire safety 
standards (such as NFPA or ISO frameworks) ensure compliance while 
reinforcing a culture of accountability.[4]. Regular reassessment of risk 
models also ensures that evolving operational conditions, such as capacity 
expansion or raw material variability, are continuously incorporated into the 
fire-safety strategy.

By combining engineered suppression, intelligent monitoring, and structured 
compliance, paper mills can evolve from simply managing risk to creating a 
sustainable safety ecosystem. This approach not only reduces the likelihood 
of catastrophic fires but also safeguards long-term operational continuity and 
protects both human capital and physical assets.

CONCLUSION

Fire safety in papermaking relies on an integrated strategy that blends 
technology, workforce readiness, and engineered safeguards. From dryers 
and steam lines to conveyors and storage, even small lapses can trigger 
major emergencies. Beyond conventional suppression, predictive monitoring, 
regular training, and a culture of vigilance are essential.

Modern tools—thermal imaging, gas detection, digital twins, and AI 
analytics—shift safety from reactive control to proactive prevention. Still, 
their effectiveness depends on trained personnel who can spot risks early and 
act swiftly. Routine audits and adherence to global standards further ensure 
resilience as mill operations evolve.

The way forward is a unified framework that embeds alarms, monitoring, 
workforce discipline, and suppression systems into daily practice. Such a 
holistic approach not only reduces fire risk but also strengthens operational 
continuity, making safety a cornerstone of sustainable papermaking.
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