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Dust collectors are inherently 
paradoxical systems. Designed 

to improve safety and environmental 
conditions, they simultaneously 
concentrate the very elements 
required for a dust explosion: 
combustible particles, turbulence, 
oxygen, and confinement. When an 
ignition source is introduced, this 
combination becomes intrinsically 
unstable.

Recent analyses confirm that baghouse 
filters play a central role in combustible 
dust hazards, with explosion dynamics 
strongly influenced by internal transients 
and flow behavior. Traditionally, safety 
strategies have relied on protection 
systems such as venting, suppression, 
and isolation. These measures are 
essential, yet they intervene only after a 
hazardous event has already begun. True 
prevention, on the other hand, requires the 
ability to identify weak signals before they 
evolve into critical conditions.

The issue is not the absence of sensors, 
but rather the absence of real visibility into 
what is happening inside the system.

The limits of point 
measurement
In most installations, dust collectors 
are monitored through a limited set of 
measurements, typically including the 

global pressure drop across the filter, 
single-point temperature probes, and 
occasional flow measurements. While these 
signals provide useful information, they 
remain fundamentally incomplete because 
they offer only an averaged representation 
of a system that behaves locally.

In reality, the internal dynamics are far more 
complex. Flow distribution is rarely uniform, 
cleaning cycles generate transient pressure 
waves, temperature fields vary spatially, and 
dust accumulation evolves unevenly across 
the system. As a consequence, potentially 
dangerous conditions can develop locally 
without being immediately detected. A hot 
spot may form near a nozzle or hopper, 
localized pressure increases may occur 
due to clogging, and filtration velocity may 
deviate in specific zones.

These localized phenomena do not 
significantly influence global measurements 
in their early stages. By the time they 
become visible through conventional 
signals, the system may already be 
operating in a degraded or unsafe 
condition.

From parameters to fields: a 
change of perspective
Addressing this limitation requires a 
fundamental shift in perspective. A dust 
collector should no longer be interpreted 
through single averaged values, but rather 
through spatially distributed fields. Pressure, 
temperature, and flow must be understood 
as dynamic distributions rather than isolated 
parameters.

Explosion risk is not triggered by average 
conditions, but by local extremes and 
transient interactions. Cleaning pulses, 
for instance, generate short-lived peaks 
in pressure and temperature, while 
flow maldistribution creates preferential 
channels. At the same time, dust layers 
continuously modify local permeability. 

These effects interact both in space and 
time, producing a non-linear system 
behavior.

This perspective helps explain why many 
incidents occur in systems that appear to 
be operating “within limits” when viewed 
through traditional measurements.

Distributed sensing: making 
the system readable
To bridge this gap, a new approach is 
emerging based on distributed, capillary 
sensing within the dust collector. Instead 
of relying on a few isolated measurement 
points, multiple compact sensors are 
deployed throughout the system, along 
the length of the bags, across different 
compartments, and near critical areas such 
as the hopper, inlet, and tube sheet.

This configuration creates a dense 
measurement network capable of capturing 
spatial gradients, local anomalies, and 
temporal trends. The objective is not simply 
to collect more data, but to reconstruct 
the internal behavior of the system in a 
coherent way.

Such systems are now available as 
plug-and-play monitoring solutions, 
designed for installation without major 
modifications, capable of operating in 
harsh environments, and able to provide 
continuous, synchronized data. Most 
importantly, they enable a transition from 
simply monitoring numerical values to 
understanding physical phenomena.

Early detection of critical 
conditions
The true value of distributed sensing lies in 
its ability to detect trends rather than relying 
solely on fixed thresholds. Early indicators 

From detection to understanding: 
distributed sensing as a new layer  

of safety in dust collectors

Figure 1 - Dust collector internal zones and 
typical risk areas

Figure 2 - Example of spatial distribution: 
pressure/temperature along the bag
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of critical conditions can 
be identified through subtle 
deviations in temperature, 
pressure, and flow behavior.

Temperature anomalies 
may reveal localized 
increases associated with 
smoldering particles or 
abnormal thermal peaks 
during operation. Pressure 
deviations can indicate 
local increases in ΔP 
caused by clogging or 
dust accumulation, as well 
as imbalances between 
compartments. Similarly, 
flow redistribution may manifest as reduced 
filtration velocity in certain areas or the 
formation of preferential channels.

These signals typically emerge well before 
any visible failure or alarm condition is 
triggered. Modern systems can define 
dynamic thresholds, detect deviations 
from baseline behavior, and initiate alarms 
or corrective actions. This capability 
enables a transition from reactive safety to 
predictive safety.

Integration with control  
and actuation
The next stage in this evolution is integration. 
Distributed sensing systems are increasingly 
connected with control elements such 
as pulse-jet cleaning systems, fan speed 
regulation, and isolation or shutdown 
mechanisms. This creates a closed-loop 
approach in which anomalies are detected, 
trends are interpreted, and responses are 
automatically activated.

In practical terms, this may involve 
adjusting cleaning frequency based on 

localized clogging, reducing system load 
in response to abnormal temperature 
increases, or triggering alarms and 
isolating specific sections. Crucially, 
these actions are not based on static 
thresholds, but on the dynamic behavior 
of the system.

This approach is particularly relevant 
in explosion prevention, where ignition 
sources are often transient, critical 
conditions can develop rapidly, and 
response time is essential.

Safety as a system property
Explosion safety in dust collectors cannot 
be reduced to compliance with standards 
or the selection of protective equipment 
alone. Frameworks such as NFPA 
and ATEX correctly define prevention 
principles, protection systems, and 
design constraints, but they do not fully 
capture how the system behaves under 
real operating conditions.

In practice, dust collectors rarely operate 
under ideal conditions. Ageing, fouling, 
and process variability continuously affect 
performance, while local phenomena 
dominate over global indicators. Relying 
exclusively on nominal parameters, 
single-point measurements, and static 
safety margins can therefore create a 
false sense of security.

Distributed sensing introduces a different 
paradigm, in which safety is not ensured 
solely by design, but by continuous 
understanding of the system in operation.

Conclusion: from 
monitoring to 
awareness
The evolution of dust 
collector safety is not 
driven only by new 
protection devices, 
but by new ways 
of observing and 
interpreting the system. 
Distributed sensing 
enables the detection of 
weak signals at an early 
stage, the identification 
of local anomalies, and a 
deeper understanding of 
system dynamics.

In doing so, it transforms safety from 
a reactive function into an active and 
informed process. In environments 
where combustible dust conditions 
can change rapidly and unpredictably, 
this capability is no longer merely 
an improvement. It is becoming an 
essential requirement. 
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Figure 3 - Example of trend evolution: early 
deviation vs alarm threshold

Figure 4 - Conceptual diagram: from point measurement to distributed monitoring


