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Dust: Tiny But Deadly

The smaller the particle, the easier it is 
to ignite. That makes combustible dust 
a major fire hazard in a wide variety 
of industries. Here is a simple rule of 
thumb: if you can write your name in 
the dust, you have a problem. If dust 
is accumulating in the air, you have 
bigger problem.

Dust explosions are devastating and 
lead to significant downtime that can 
cost millions. They typically happen 
due to a fire and secondary explosion 
of loose particles in the air. 

In the past five years, the United 
States averaged 31 dust explosions, 
28 injuries, and one-to-six fatalities per 
year. Plus, fines for non-compliance 
are heavy. In fact, OSHA delivered 
59 citations in 2021 for total initial 
penalties of more than $406,000.¹
Protecting against dust hazards is top 
of mind for many plant managers and 
facilities leaders. Yet, risk engineering 

inspections often reveal that their dust 
suppression, venting, or housekeeping 
is not sufficient.

A Dust Hazard Analysis is a critical step 
required by NFPA. It identifies explosion 
risks and ignition sources while 
providing recommendations to manage 
the hazard. Dust Hazard Analysis 
is required for facilities that use air 
moving devices (AMDs), air materials 
separators (AMS), duct systems, bulk 
storage enclosures, and more.
Today’s hard market and supply chain 
delays make the stakes even higher. 

New accidents may raise insurance 
premiums or lead carriers to drop 
coverage. Long lead times may mean 
critical equipment cannot be replaced 
in a timely manner and business stays 
interrupted longer. 

In this whitepaper, we explain dust 
explosion basics, NFPA and ATEX 
standards, and what you may be doing 
wrong in your facility. 

We will also discuss dust suppression 
and protection systems, and how Dust 
Hazard Analysis saves lives and money.

By the numbers

31 dust explosions per year in the United States

28 injuries per year in the United States

1-6 fatalities per year in the United States¹
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Dust Fires Explained

Combustible dusts are finely divided 
solids that present flash fire and 
combustion hazards under certain 
conditions. 

These dusts can be found in most 
industries and come in many forms 
including: 
•	 Flours
•	 Grains 

•	 Hops 
•	 Sugars 
•	 Charcoal 
•	 Lactose 
•	 Aluminum 
•	 Wood 
•	 Rubber 

Many natural and synthetic organic 
materials can form combustible dust, as 

do some metal dusts and compounds. 
Combustible dust explosions form under 
a variety of conditions, but the following 
conditions are required to initiate a dust 
explosion: 
•	 Fuel
•	 Oxygen
•	 Ignition source
•	 Disbursement
•	 Confinement

If all five conditions are present, it may 
cause an initial dust explosion. The 
pressure wave from the first explosion 
may dislodge accumulated dusts in the 
area, including “fugitive” dusts that have 
concentrated on equipment, overhead 
beams, drop ceilings, floors, etc. 

Once the fugitive dusts have been 
dispersed, they serve as secondary 
fuel sources to the initial explosion with 
the potential to further propagate the 
explosion. The second explosion is often 
more powerful than the first explosion, 
resulting in greater damage, additional 
injuries, and fatalities.
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4 Signs Your Facility Has Dust Fire Risks

Why Combustible Dust Fire 
Risks May Be High

1. Dust collectors and suppression 
systems are absent or ineffective. 
Equipment and processes that create 
combustible dust should have dust 
collectors or suppression systems 
that keep dust from accumulating. But 
too often, they disperse dust into the 

air or back into the facility due to poor 
engineering. Vents should go straight 
out of the building rather than angling 
or curving.

2. Training is insufficient. Engineered 
controls should remove the need for 
human error, but dust safety training 
is still a must. It’s not uncommon to 
see an energetic employee keeping a 
workstation clean by sweeping up dust 
or using compressed air. That moves 
dust into the atmosphere, where it 
can more easily ignite in the event of 
extreme heat or an explosion. Training 
employees on proper dust handling and 
housekeeping procedures is critical to 
mitigating risk.

3. Equipment maintenance is not up to 
date. Machinery breakdown can cause 
equipment to heat up or catch fire, 
dramatically increasing the chances of 

The change of direction can clog 
a dust supression system and 
increase the chances that it does 
not vent properly

The accumulated dust in this facility 
shows that housekeeping was not 
properly facilitated.

This dust collector is venting dust back into 
the facility, rather than venting it outside. The 
combustible particles in the air increase the 
chances of a dust explosion.

WHAT'S WRONG WITH THESE PICTURES?

a dust fire. Keep equipment running at 
optimal levels and keep leaks to a 
minimum. Be sure your bearing 
sensors are being monitored and 
you’re not giving them the chance to 
overheat.

4. Housekeeping is not a priority. 
Despite your best plans, equipment 
leaks and dust gets where you 
don’t want it. Patching problem 
areas and keeping your piping and 
conveying systems from creating 
too much excess dust can seem 
like a never-ending battle. Create a 
thorough housekeeping program to 
help. Housekeeping will not solve 
initial explosion problem, but it will 
reduce the probability of secondary 
explosions and further facility damage. 
And remember: don’t use a broom or 
forced air to clean up dust – that just 
creates a fire hazard.



TÜV SÜD | Weathering the Storm 5TÜV SÜD Global Risk Consultants | Protect Against Combustible Dust Explosions & Fires 5

Dust Hazards Standards from NFPA and ATEX

NFPA 652: Standard on the 
Fundamentals of Combustible Dust. 
First developed in 2016, this standard 
provides the general requirements for 
management of combustible dust fire 
and explosion hazards. In a September 
2020 update, the standard requires a 
Dust Hazard Analysis (DHA) to identify 
and evaluate risks such as fires, flash 
fires, and explosions.

NFPA 654: Standard for the Prevention 
of Fire and Dust Explosions from 
the Manufacturing, Processing, and 
Handling of Combustible Solids. This 
standard presents safety measures 
to prevent and mitigate fires and dust 
explosions in facilities that handle 
combustible particulate solids, which 
include combustible dusts, fibers, 
flocks, flakes, chips, and chunks. 
Recommendations include minimizing 
dust escape from equipment and 
ventilation systems, using dust 
collection systems, dust residue 
inspections, and cleaning methods that 
don’t generate dust clouds. 

NFPA 61 Standard for the Prevention 
of Fires and Dust Explosions in 

Agricultural and Food Processing 
Facilities. NFPA 61 protects lives 
and property from fires and dust 
explosions in facilities handling, 
processing, or storing bulk agricultural 
materials, their by-products, or 
other agricultural related dusts and 
materials. It specifically lays out 
protections for handling grains that 
have not undergone processing or size 
reduction. It also outlines engineering 
of dry material handling systems 
such as batching systems, bulk bag 
unloading, and bulk bag filling systems. 

NFPA 484 Standard for Combustible 
Metals. This standard applies to metal 
dusts and alloys capable of producing 
combustible powder or dust and 

potentially leading to fire or explosions. 
It covers the production, processing, 
finishing, handling, recycling, storage, 
and use of those materials and 
operations using those materials. It 
also discusses additive manufacturing 
and has provisions for safe system 
shutdown, usage of conductive 
powder, and shipping and handling.

ATEX Directive 2014/34/EU. 
Equipment, components, and 
protective systems can only be 
placed on the European market if 
they meet essential health and safety 
requirements. The ATEX Directive 
for all explosion-proof equipment 
and systems includes anything 
used within, or in conjunction with, 
potentially explosive atmospheres 
such as safety, control and regulation 
devices and protective components, 
equipment, and systems.
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How to Reduce Your Dust Hazard Risks

Remove the dust risk. The first line 
of defense is to remove the hazard 
from your facility. Can your production 
continue without creating dust? Can 
you replace certain materials that 
cause combustible dust? In many 
cases, that’s simply not possible. For 
example, a bakery can’t product bread 
without wheat and a furniture factory 
can’t produce wooden tables without 
creating sawdust. But it's important to 
try removing the risk first.

Determine what  type of dust  you 
have. How energetic is the dust you 
are producing? Is it combustible? 
Sample your dust to understand if 
it’s a problem. And remember, your 
environment will affect your dust. 
For example, dust sampled during a 
hot humid Louisiana summer will be 
different than that same material in 
the dry air of Nevada. Sample from 
the right places like overhead beams 
or around dust collectors rather than 
just sweeping some off the floor. If it 
is combustible, be sure to design your 
systems to the high end of explosibility 
and energy levels of the dust you are 
handling. 

Implement engineered controls. 
Create engineered controls which 
automatically prevent hazardous 
situations. Relying on human 
performance should be secondary. 
Install dust collectors, use explosion 
vents with deflector plates, and 
implement float valves to protect 
exhaust fans or ventilation systems. 
Also, be sure to vent all dust outside of 
your facility and install surfaces that 
make it easier to clean dust.

Keep up with equipment maintenance.
Keeping your equipment running 
smoothly can reduce the chances 
of ignition. Keep leaks to a minimum. 
Making sure your bearing sensors 
are being monitored and you’re not 

giving them the chance to overheat. 
Test bonding and grounding systems, 
verify duct airflow velocities and 
dust collector differential pressure. 
Also, test and calibrate monitoring 
devices such as bearing temperatures, 
conveyors, belts, and grinders; and 
ensure the lubrication of equipment.

Train against human error. Human-
element programs should train 
employees to avoid dangerous 
behaviors and teach them to 
adequately maintain all equipment. 
Training should control smoking, open 
flames and sparks, mechanical friction, 
and show proper use of industrial 
trucks, lifts, and cartridge-activated 
tools. Also, develop training for 
hazardous dust inspection, testing, and 
housekeeping.

Implement solid housekeeping plans. 
A thorough housekeeping plan can 
help minimize fugitive dust risks. If dust 
accumulates and gets dispersed into 
the air, it creates favorable conditions 
for secondary explosions. Clean 
dust residue at regular intervals. Use 
cleaning methods that do not generate 
dust clouds – don’t sweep with a 
broom. Only use vacuum cleaners 
listed for dust collection. Remember, 
the same material sitting in a pile 
relatively benign can be a major 
explosion risk when dispersed in 
the air.
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5 Steps to Implementing a Dust Hazard Analysis

A DHA is designed to identify and 
assess hazards associated with 
potentially combustible materials 
and environments, to evaluate 
failure modes and develop security 
and mitigation efforts to prevent 
combustible dust-related incidents.

A DHA includes the following five 
components:

1. Material characterization. 
Determine what type of material is 
being used in your facility and its 
combustibility. This will likely be 
dependent on moisture, particle size, 
and other variables. 

2. Assess your facility for dust risks. 
Evaluate each step of your production 
to determine which may have the 
five requirements for an explosion: 
fuel, oxygen, ignition, dispersion, 
and containment. Identify places 
in your facility where dust typically 
accumulates and determine if they are 
near heated equipment. 

3. Evaluate your current mitigation 
strategy. Examine your engineered 

controls and human element training. 
Are there easy fixes, like a lack of dust 
collectors or dust being routed back 
into your facility? Is your housekeeping 
making the problem worse by 
dispersing dust into the air? Depending 
on the situation, you may need to 
overhaul your dust explosion mitigation 
strategy or make some simple safety 
tweaks.

4. Make recommendations to 
mitigate risk. After the analysis of 
the facility and processes, engineers 
implementing the DHA will make 
recommendations to protect people, 
property, and critical equipment. They 
may include engineered controls, 
changes to processes, or new training 
on housekeeping or other safety 
mitigation techniques.

5. Follow through and measurement. 
After the dust hazard analysis, 
make sure to implement the 
recommendations and track the 
corrective actions to completion. 
Afterward, check on the progress 
periodically. Ensure that ignition 
sources are safeguarded as best as 
possible. Also determine that airborne 
dust levels have reduced, and less dust 
is accumulating on surfaces all around 
your facility. Continue making changes 
as time passes so you can continue 
lowering your risk of a dust explosion. 
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Dust Hazard Analysis from TÜV SÜD GRC

A DHA FROM TÜV SÜD 
GRC INCLUDES
•	 A systematic review to identify 

and evaluate the potential fire, 
flash fire, and explosion hazards 
associated with the presence 
of one or more combustible 
particulate solids in a process or 
facility.

•	 Identification hazards for each 
process, facility, and components, 
as well as pinpointing safe 
operating ranges and proper 
safeguards.

•	 Data collection for system and 
performance requirements.

•	 Advice for combustible 
particulate solids management, 
process hazard analysis, and 
documentation of all results in the 
DHA.

INDEPENDENT
TÜV SÜD Global Risk Consultants 
pioneered unbundled loss control 
— independent risk assessments 
not tied to insurance. We offer truly 
consultative expertise that is always 
independent and never bundled to 
underwriting. With TÜV SÜD GRC, 
you own your data — not insurance 
companies. That empowers you to 
take on more risk if you desire, helps 

you shop for appropriate insurance 
coverage, and negotiate premiums with 
confidence. 

EXPERIENCE
GRC provides sound, cost-effective 
fire protection engineering services to 
some of the world’s most successful 
businesses. Our worldwide staff of 
engineers has pioneered advances 
in fire protection by applying their 
in-depth expertise to developing new 
methods to address today’s escalating 
concerns. Some have even been 
instrumental in writing NFPA standards. 

We work with major insurance 
organizations, the engineering staff of 
global brokers, and the engineering 
departments of major industrial firms.

QUALITY SERVICE 
We perform thousands of inspections 
each year, varying on the unique 

property risk engineering requirements 
of our clients. They range from basic 
property reviews and short summary 
reports, to full “HPR (Highly Protected 
Risk)”-style inspections in which all 
protective equipment is operationally 
tested, and detailed narrative-style 
reports are issued with COPE (i.e. 
construction, occupancy, protection, 
exposures) data supplements. With 
our help, you can develop a custom-
tailored Fire Loss Prevention Service 
Plan.

CONTACT US 
info-us@tuvsud.com 

Sources:
1. 2021 Combustible Dust Incident 
Report from Dust Safety Science
5. Internal GRC research 

Client feedback 
74% of GRC fire protection clients said their experience 

exceeded expectations

32% said GRC fire protection service far exceeded expectations

GRC at a Glance

•	 87 Fortune 500 clients

•	 $683 billion in loss 
exposure reduction

•	 $4 trillion in value of 
facilities serviced

•	 210,000 fire impairments
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COPYRIGHT AND DISCLAIMER

COPYRIGHT NOTICE 
The information contained in this 
document represents the current view 
of TÜV SÜD on the issues discussed 
as of the date of publication. Because 
TÜV SÜD must respond to changing 
market conditions, it should not be 
interpreted to be a commitment
on the part of TÜV SÜD, and TÜV SÜD 
cannot guarantee the accuracy of any 
information presented after the date of
publication. 

This white paper is for informational 
purposes only. TÜV SÜD makes 
no warranties, express, implied or 
statutory, as to the information in 
this document. Complying with all 
applicable copyright laws is the 
responsibility of the user. Without
limiting the rights under copyright, 
no part of this document may be 
reproduced, stored in or introduced 
into a retrieval system, or transmitted in 
any form or by any means (electronic, 
mechanical, photocopying, recording, 
or otherwise), or for any purpose, 
without the express written permission 
of TÜV SÜD. 

TÜV SÜD may have patents, patent 
applications, trademarks, copyrights, 
or other intellectual property rights 
covering subject matter in this 
document. Except as expressly 
provided in any written license 

agreement from TÜV SÜD, the 
furnishing of this document does not 
give you any license to
these patents, trademarks, copyrights, 
or other intellectual property. 

ANY REPRODUCTION, ADAPTATION 
OR TRANSLATION OF THIS 
DOCUMENT WITHOUT PRIOR 
WRITTEN PERMISSION IS 
PROHIBITED, EXCEPT AS ALLOWED 
UNDER THE COPYRIGHT LAWS. © TÜV 
SÜD Group – 2021 – All rights reserved 
– TÜV SÜD is a registered trademark of 
TÜV SÜD Group.

DISCLAIMER
All reasonable measures have been 
taken to ensure the quality, reliability, 
and accuracy of the information in 
the content. However, TÜV SÜD is not 
responsible for the third-party content 
contained in this newsletter. TÜV SÜD 
makes no warranties
or representations, expressed 
or implied, as to the accuracy or 
completeness of information contained 
in this newsletter. This
newsletter is intended to provide 
general information on a particular 
subject or subjects and is not an 
exhaustive treatment of
such subject(s). 

Accordingly, the information in this 
newsletter is not intended to constitute 

consulting or professional advice
or services. If you are seeking advice 
on any matters relating to information 
in this newsletter, you should – where 
appropriate – contact us directly with 
your specific query or seek advice from 
qualified professional people. TÜV SÜD 
ensures that the provision of its services 
meets independence, impartiality and 
objectivity requirements. 

The information contained in this
newsletter may not be copied, quoted, 
or referred to in any other publication 
or materials without the prior written 
consent of TÜV SÜD. All rights reserved 
© 2021 TÜV SÜD.

ADD VALUE. INSPIRE TRUST 
TÜV SÜD Global Risk Consultants 
pioneered unbundled loss control —
independent risk assessments not tied 
to insurance. We offer truly consultative 
expertise that is always independent 
and never bundled with underwriting. 

With TÜV SÜD GRC, you own your 
data — not insurance companies. That 
empowers you to take on more risk if you 
desire, helps you shop for appropriate 
insurance coverage, and negotiate 
premiums with confidence.

TÜV SÜD Global Risk Consultants 
is dedicated to providing sound, 
costeffective Fire Protection Engineering 
services. From arc flash to explosions, 
we address all potential property losses 
from fire, and keep you compliant with 
National Fire Protection Association 
standards.

All images came from Shutterstock or 
internal GRC employees. 
Find out more at:
www.tuvsud.com/grc


