Explosion Protection
For the Food and Beverage Industry
White Paper

Statistically the Food, brewing and animal feed industries account for 42% of the explosions in the UK, 51%
in the USA and 25% in Germany. Explosive products in these industries include flour, custard powder,
instant coffee, sugar, dried milk, potato powder and soup powder.
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The Food Industry Problem
The Great Fire of London started at a bakery on Pudding Lane, it was believed that sparks from the oven,
dropped onto bags of flour and it spread rapidly west across the city of London. In this incident we had a
fire where we had fuel (flour), oxygen and an ignition source, but this article is more interested in
explosions, where dispersion and containment is required.
Explosions can occur and propagate with a combustible dust; this dust is defined as a finely divided solid
particle, >500 micron in nominal size within a range of dispersion concentrations typically > 30 grams per
meter cubed, or you cannot see the hand on the end of your arm.
Ignition energies vary with different substances and for similar substances with differing moisture content
and particle size, but may be as low as the static discharge experienced when taking off a synthetic fiber
jumper, or as high as that from a ‘fixed flame’ such as a gas fired boiler.
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Dust Explosion Risks
Particle
size
Flour type
Micron
Biscuit
<90
Gluten
38-63
Wholemeal
>63
Collector
90-125
Wheat dust
38-63
Screen room
<38
Filter dust
Bread
<63
Rice
<63
Maize
<63
Starch
Sources: NABIM &
Gestis

Explosive Characteristics of Flour
Min temp Min explosive
Minimum
Max
ignition
concentration
ignition
explosion
energy
pressure
MIT (°C)
MEC (g/m3)
MIE (J)
Pmax (bar)
>1000
7.5
470
30-100
7.3
430
>1000
6.8
300-1000
7.7
470
300-1000
8.8

Max rate pressure
rise
Kst (bar m/s)
91
149
53
105
112

450

-

300-1000

8.8

122

380
380

60
60

>10

9.7
6.7

63
91

480

60

-

9.3

190

The primary risk in milling plants are from mill fires, due to mechanical friction which has the potential for
flame propagation throughout the plant, resulting in explosions in the filters and silos. Great care should be
given to these areas or processes with a higher measureable risk, for example drying plant, filter stocks, bin
filling etc. Common processes which generate explosible dusts in the food industry include flour storage,
flour milling, sugar grinding, spray drying of milk and instant coffee and conveyance by blowers or bucket
elevators of whole grains and finely divided materials.

Self-heating and contact with hot surfaces (giving rise to spontaneous ignition) can give rise to additional
hazards.

History:
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The earliest Dust Explosion was recorded in Italy 1785. A boy was shovelling corn below a naked light from
one room to another had his face and arms scorched. It blew out the windows and their frames into the
street. Another boy saw the flame coming from across the warehouse and jumped off a scaffold and broke
his leg. The accident was reported to be due to the dryness of the corn, as there had not been any rain for
the last 5 to 6 months in the Piedmont area.

Flour dust suspended in air is explosive - as is any mixture of a finely powdered flammable substance with
air. In medieval times flour mills, candles, lamps, or other sources of fire were forbidden. Some devastating
and fatal explosions have occurred at flour mills, including an explosion in 1878 at the Washburn "A" Mill in
Minneapolis, the largest flour mill in the United States at the time. In the UK a series of explosions in food
factories have had fatal results for both adults and children. In 1911 Her Majesty’s Inspectors of Factories
reports; William Primrose and Sons Ltd operated a provender mill in Glasgow which exploded on the 10th
Nov 1911, killing 5 people including 3 children playing nearby. Their grinding process was very dusty and
had no dust collection system. The room was lit by naked gas lights, and one was on such a long rubber
hose which meant that it could be moved around the room. Dust accumulations on the beams were not
cleared adequately leading to the explosion.
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Exactly two weeks after the Glasgow explosion, the premises of J Bibby and Sons in Liverpool experienced
the same fate, only this time the toll was 39 dead and 101 injured, figures hard to imagine in factories which
today run with such minimal labour. Bibby’s were a more advanced firm, with electric lighting and a
sprinkler system. They handled cotton cake and assorted meals. The machinery was belt driven, and the
official report supposes that a dust cloud was formed when a belt broke. The ignition source was not
possible to identify with certainty, but matches and electrical equipment were the most likely cause of the
spark.

The Bibby report
“The primary explosion so caused raised more dust from the rafters and so gave rise to a second explosion
of much greater violence, followed by a third and a fourth on other floors of the building.”
39 men were killed including some working in the streets outside and many were maimed and injured. It
was a frightful accident and a most grievous event.
It is recorded that the compensation awarded by the Firm to bereaved wives and families was so generous
that a public appeal for a fund organised by the Liverpool Daily Post was abandoned. Although the loss of
life was appalling, it appears that the structural damage was not great and contemporary accounts suggest
that full production was restored within a few weeks."
Bibby’s managed it again in Liverpool in 1930, when an explosion in the top floor of a silo building, killed 11
and injured 32. Rice flour, sunflower seeds and soya bean meal were used in the processes.
Self-heating of the sunflower seedcake seems to have been the cause of an initial fire, but the heat spread
between silos, and initiated an explosion, when hanging dust fell while an adjacent silo was being emptied.
Among the recommendations was the provision of recording thermometers on the silos.
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In the late 1970s a series of devastating grain dust explosions in USA grain elevators left 59 people dead
and 49 injured. France-Blaye-1997 (see picture on the right) a grain terminal killed 11 people in 1997, six of
the victims were found in the offices. The sudden nature of the incident and the close proximity of the silo to
the offices meant that they had no time to react and their bodies were found at their workplaces.
Significantly sized pieces of debris from the explosion were found up to 100 meters from the silo although
one piece of breeze block, weighing approx. 10 kg was reported to have been discovered at a distance of
140m.
The investigation concluded that the most likely sources of ignition were either a malfunctioning or a fault in
the fan on the centralized dust collection system, located in the northern tower, or auto-ignition brought
about by an overheating of the dust collected coupled with a high ambient temperature. From the handling
tower the explosion travelled along the gallery, aided by either dust deposits or a dusty atmosphere or both.
The flames from the explosion penetrated the open silos producing a further violent explosion.
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Inspectors have visited most of the major grain importing terminals since the explosion at Blaye and made
recommendations, particularly designed to prevent an incident of this scale occurring in the future.
One of the larger explosion events has had extensive explosion suppression systems installed for many
years; another has been required to fit similar systems.

Grain Silos Metz-France- 18th October 1982.
A News Report read: ‘after clearing debris for 24 hours the toll is now known: four dead, one seriously
injured and eight missing, they could possibly still be alive buried under many tons of beams and cement. A
spark from a blow torch could have caused the catastrophe’ the concrete silos were 70m tall, held barley,
and “4 out of 10 cells in the complex were seriously damaged”!

On 7 February 2008, an explosion -– possibly caused by static electricity or a burned out bearing igniting
fine sugar dust that had become too dry -– at Port Wentworth Imperial Sugar refinery killed 14 people and
injured over 40. OSHA had been criticized in a 2006 US Chemical Safety Board report for lack of
preparation for such explosions and a safety program which "inadequately addresses dust explosion
hazards". Check out the CSB site for further animations of the final investigation. You can see the outcome
of that explosion here in our video library.
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Roland Mill
This particular incident occurred on the 6th Jan 1979 in Bremen, Germany. The mill complex comprised
two buildings connected by a linking bridge, enclosed on all 4 sides, which carried 3 belt conveyors.
Unusually the incident did not start inside the process. It appeared that a fire started in a sample room, in
the basement of one building, and propagated up through broken ceilings to the second floor level. The
cause of the initial fire was not established. At second floor level, a powerful dust explosion took place,
probably because flour was released from equipment damaged by fire, or the convection currents from the
fire lifted dust deposits in the area. Extensive building damage in this area was caused by the first
explosion.
The dust explosion propagated through the bridge, causing parts of the sidewalls to be blown out. When
the explosion reached the second building, a further explosion occurred. This may have been fuelled by
loose deposits, or by flour released from paper bags. Further explosions involved various compartments of
a silo complex and on three floors of the second building. When the disaster was over, there were 14
people killed, 17 injured and damage estimated at DM 100M

A German mill after a dust explosion
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Recommendations:











The lessons to be learned from all the incidents reported here are:
Keep all dust to a minimum
Prevent deposits of combustible materials and explosive mixtures, (in the USA if a layer is greater
than the thickness of a Dime it is too much).
Provide as much space and segregation between explosive volumes
Prevent ignition sources
Zone the appropriate areas inside and outside the machine and use the appropriate equipment for
that hazard/risk
Process controls should be proportional to the risk assessment.
Maintain proper records, work permits and training appropriate to the hazard. “People cause
incidents not plant”
Develop an Explosion Protection Documents with both the technical and management systems in
place.
If prevention is not possible, measures should be taken such as fire fighting and or explosion
protection (Containment, explosion venting, powder suppression and Isolation)
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Milling Flour and Brewing:
Recommended Explosion protection methods are venting, powder suppression and isolation. The primary
risk in milling plants are mill fires, followed by explosions in the elevators, filters and silos with a danger of
flame propagation throughout. In the event that an explosion has started from, for example, friction or
mechanical action, Flameless venting indoors or Powder (sodium bicarbonate) extinguishing and chemical
barriers are the most appropriate method of protection.
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The Protection Method
Using the ATEX BEEP concept, many grain intake systems are vented outside with Chemical Barriers on
the inlet and discharge screws. Grain is then fed into the Mill with powder suppression on the mills plus a
flameless venting on the Grist case below, since venting outside is not always feasible. Finished product is
stored outside via blow lines or elevators. Many recent tests and incidents qualify the damage from
unprotected finished product equipment.

Flour Roller Mills

Filter Flameless Venting
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Brewery Mill Suppression

Grain screw conveyor with Chemical Barrier

There are many regulations and guidelines in place.


ATEX 137 workplace directive 99/92/EC, Minimum requirements for improving the safety and health
protection of workers potentially at risk from explosive atmospheres.



ATEX 95 equipment directive 94/9/EC, Equipment and protective systems intended for use in
potentially explosive atmospheres, these are supported by EN standards



The ATEX 137 has been brought into legislation in the UK by the Dangerous Substances and
Explosives Atmospheres Regulations (DSEAR) 2002 No. 2776, DSEAR (pdf link)



Many of these topics are already addressed in a number of HSE and industry trade body
publications. http://www.hse.gov.uk/food/dustexplosion.htm



Guidance on the selection of vacuum cleaners for low combustibility organic granules and dusts
(e.g. flour) http://www.hse.gov.uk/food/dustexplosionapp1.htm
There is a very good short guide to the DSEAR see “How safe is your workplace?”




If you want to ensure you are in compliance with DSEAR in the UK, the HSE has issued a set of
Approved Codes of Practice (ACOP’s) see: HSE BOOKS insert DSEAR in the search engine and
order the book(s) on line, These have a special legal status and if you are prosecuted for a breach
of Health and safety and you have not complied with these ACOP’s, then the court will find you at
fault!
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If you are working with an American company you may also refer to the NFPA guides:


NFPA 68 Guides for Venting Deflagrations



NFPA 61 Standards on Explosion Prevention Systems



NFPA 61 Standard for the Prevention of Fires and Dust Explosions in Agricultural and Food Product
Facilities



NFPA 85 Boilers and Combustions Systems Hazards Code



NFPA 13 Fire Sprinklers



Since the introduction of ATEX in Europe we have seen many mirror activities in the CSB, Russia
and worldwide IECEx.

Flour explosion demo at the Mill City Museum in Minneapolis, MN
http://www.youtube.com/watch?v=IHDFDO7YOgM
The 2008 Imperial sugar plant explosion, Port Wentworth, Georgia.

http://www.youtube.com/watch?v=GWj4zGLVny8&feature=youtu.be
Useful links:
 http://www.nabim.org.uk/index.asp
 http://www.agindustries.org.uk/content.template/30/30/Home/Home/Home.mspx
 http://shapa.co.uk/atex.php

Explosion Protection
for the Food and Beverage Industry
White Paper brought to you by

Explosion Hazards Ltd
For more information, visit us at http://www.explosionhazards.co.uk/
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