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INTRODUCTION

The principle “Prevention 1s Better than Cure”
philosophy was famously used by Benjamin
Franklin in 1736 when advocating for organized
fire protection in Philadelphia.

Pulp & Paper industry are inherently prone to fire
hazards due to combustible raw materals,
chemical use, dust, and high-temperature
operations.

Let’s move on , to find out ways to build true fire
resilience...




PULP MILL SECTION
RAW MATERIAL : STORAGE

= Large piles of logs, bark, straw, & chips
can mternally heat up due to microbial
action and oxidation.

" Inadequate aeration or prolonged
storage—particularly i hot weather—can
cause spontaneous ignition within these
piles.

= Even RCF exposed to direct sunlight in
high-temp. regions can 1gnite
spontaneously.

Fire at Meadow Lake Mechanical Pulp Inc.
[Date: Oct. 27, 2025] estimated 100,000
cubic meters of logs lost.




RAW MATERIAL : HANDLING

Operations - generate fine dust particles - when airborne - forms combustible clouds.
Even small sources—static, fricion, or sparks—can trigger a dust explosion.

Enclosed spaces like silos or warehouse / storehouse heighten the risk as dust
accumulates easily & ventilation 1s often poor.

PULP MILL EQUIPMENTS

Digesters cook raw material using high-pressure steam and corrosive, exothermic
cooking liquors (e.g., sodium hydroxide) - generate substantial heat when reacting with
other organic matter, water, or incompatible substances.

Chemical Leaks: Can be reactive and hot, providing an ignition source.
Steam Leaks or Gas Buildups.



Steam Leak
from pipeline.
Steam Leak
from Flange of
Valve.
Chemical/water
leak from
flange of valve.

Massive Blast of the pulp
digestor at the
Androscoggin Mill in Jay,
Maine on 2020.
According to news,
expected gas build up
inside the digestor which
led to the devastating
explosion.
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» Conveyor belts - quickly channel flames once
ignited - acting as fuel themselves.

= Misalignment & friction between moving parts
generate localized overheating.

= That results mm overheating which can escalate
mto full-scale fires that spreads rapidly.

Belt Conveyor catches fire.

BLEACHING PLANT HAZARDS

= (Cause: Use of unstable, powerful oxidizing chemicals like:
oChlorine dioxide (explosive at high concentrations)
oOzone
oHydrogen peroxide (decomposes, releasing oxygen that mtensifies fires)

\" These agents can react violently - if exposed to heat, friction, or incompatible materials.



PULP DRYING & BALING

= High-temperature systems - operate alongside dried cellulose fibers & highly flammable
pulp dust.

» Mechanical friction (rolls, bearings) or electrical faults can 1gnite the pulp.

= The porous structure of pulp sheets and densely stacked bales accelerates fire spread.

= Once 1ignited, compacted bales sustain combustion mternally, spreading rapidly. -

“DOMINO EFFECT”.

Pulp bales catch fire and show the
“Domino Effect”. More than 10,000
tons of 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.
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PAPER MACHINE SECTION

The Dryer Section along with Press section, Calendar, Reel & Winder:
v High-temperature, Steam-heated cylinders + fiber residues = high-risk combination.
v" Web breaks or trapped paper within enclosed hoods.

Lack of Regular maintenances:

Leaks of hydraulic o1l or grease - soak mto felts/screen - act as flash point.

Misaligned rolls, worn bearings, or inadequate lubrication - overheat to ignition levels.

Sparks from static discharge, overheated bearings, or electrical faults - 1ignite the finished paper
rolls.

Fire smoulder deep within the core of a tightly wound paper roll.

Electrical systems - humid, dusty & steamy conditions accelerate the wear & degradation of
electrical msulation - lead to short circut.

Damaged cables/loose connections & Overloaded circuits - cause arcing & short circuits.
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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

Major fire broke out at a paper
manufacturing unit at Sahibabad Site IV
industrial area, Ghaziabad, 08 July 2025,
& the raging blaze later also engulfed
another unit existing nearby, short-circuit
is suspected.




CHEMICAL RECOVERY ISLAND
RECOVERY BOILER /LTI

» The Recovery Boiler - burns concentrated black
liquor to reclaim pulping chemicals & generate
high-pressure steam - operates under intense
thermal conditions [Molten smelt (at temperatures
>1000°C) + Volatile gases + Suspended organic
particulates].

* Smelt-Water Explosion : When water comes mto
contact with the molten smelt - water
mstantaneously converts to steam, producing a
violent expansion (an explosion) - propels molten

material at high velocity, generating fires and
potentially causing a chain reaction that engulfs the
boiler house.

Finland’s Aénekoski mill : smelt-water
explosion in 1965 from a cracked tube caused
multiple casualties and long downtime.




LIME KILN

* Lime Kiln : Issues like misaligned burners or poor air-fuel mixing can cause imcomplete
combustion - leads to a buildup of flammable gases & carbon deposits, which can create
hotspots and act as ignition points.

* To cut emissions, mills are replacing fossil fuels with CO, neutral alternatives like
biomass, wood powder, and lignin - highly combustible and can 1gnite during
processing/storage, especially 1f dust accumulates. Volatile by-products pose flash fire
hazards.

" Fine ime dust 1s combustible - can cause flash fires or dust explosions 1f ignited by static
or friction.

» (Cascading Failures: The systems are tightly coupled; a malfunction 1 one (e.g., a
leaking steam line) can cascade mto an adjacent unit, magnifying the fire incident.



"Alarms, Irainings, Precautions & Solutions”

A robust safety framework rests on 4 interdependent pillars.

Resilience

-:



1. Precautions & Preventive Protocols

i

Disciplined Housekeeping and proper ventilation,

Systematic pile rotation and temperature monitoring Storage,
Regular Maintenance/audit of equipment.

Using flame-retardant cables and non-sparking tools In

fire/dust-prone zones.



Equipment Specific Precautions :

* Conveyors: Installation of wireless vibration & temperature sensors to detect locked rollers
or belt jams before they spark.

* Recovery Boilers/Digestors: Implementing rapid leak detection & maintain strict separation
between water and smelt systems.

* Paper Machine Section: Regular Maintenance/audit of Dryers, Press rolls, Bearings,
Felts/Screens etc.

* Electrical: Conducting routine thermographic mspections to detect hotspots n circuits and
panels.

* Lime Kilns (Biomass): Use low-temperature belt dryers for fuel and maintain strict dust

control.



2. Advanced Detection & Alarms

* Thermal Imaging Cameras: Identification of abnormal heat build-up 1n bearings, conveyor belts, or
cylinders before sparks.
* Flame Detectors: Provide protection against hydrocarbon, hydrogen, & metal fires.

" Gas Detectors: Critical for detecting volatile gas leaks in recovery units and ammonia or hydrogen

sulfide elsewhere in the mull.

\ Flame Detector Gas Detectors



Automated Response Alarms :

* The real effectiveness of alarms lies in their integration with automated response
mechanisms.
* An alarm signal should automatically trigger:
» Emergency Shutdown Procedures (ESP)
» Sprinkler activation
»Inert gas flooding systems [e.g., CO,]
* Redundancy is key: Use multiple alarms & surveillances in case one fails.

» Al-based predictive analytics can detect abnormal patterns, not just visible fire.
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3. Training & Workforce Preparedness

* The true objective is to move beyond a "checklist’ and build a proactive safety culture.

* Continuous training is essential - includes:

» Regular fire drills & Mock evacuation exercises
» Scenario-based simulations
» Specialized sessions on chemical handling and electrical safety

* Train workers to be the first line of defense. Teach them to notice, report early warning
signals side-by-side taking appropriate actions:

» Abnormal vibrations in rollers
» Overheating bearings
» Unusual odors or steam leaks

» Electric Sparks / broken cables
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4. Engineered Solutions & Reslilience

* Dryer Sections/Press Sections: Using water-mist systems - effective at high temp. -
won't damage sensitive equipment.

= Control Rooms / Cable Tunnels: Use of CO, flooding systems for enclosed spaces.

* Chemical Storage: Using foam-based extinguishing technologies for flammable
liquids.

Long-Term Resilience :

* Predictive Technology: Use of Digital Twins and Al-enabled monitoring to analyze
real-ime data and detect anomalies before they become critical.
* True resilience 1s achieved through systematic governance :
' » Periodic safety audits / Third-party inspections
\T » Benchmarking against international standards (e.g., NFPA, ISO)



Conclusion: From Reactive to Proactive

* Fire safety in papermaking rehes on an integrated strategy that blends technology,
workforce readiness, and engineered safeguards.

= Modern tools—like thermal mimagmng, Al analytics, and digital twins—are shifting safety
from reactive control to proactive prevention.

* The effectiveness of all technology ultimately depends on trained, vigilant personnel who
can spot risks early and act swiftly.

= A unified framework that embeds alarms, monitoring, workforce discipline, and

suppression systems mnto daily practice 1s the cornerstone of sustainable papermaking.



THANK YOU...

ANY QUESTIONS ???
N
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