
PROOF
In the last few years there has been a huge 
increase in the amount of biomass handled at 
ports and terminals. This has involved many 
large new handling and storage facilities, 
most of which incorporate large silos. A 
relatively common problem has been fire. 
This article looks at how to be prepared for 
when a fire strikes in a biomass facility. 

Self-heating and fire
This is one of the biggest challenges that 
has caused major incidents and losses at 
biomass handling terminals. The principles 
of self-heating are fairly well known – either 
direct oxidation (reaction of the particle 
surfaces with interstitial air) or biological 
action producing heat. 

Very different rates of self heating have 
been found, from a few hours in the case 
of moist materials with high starch and 
oil like spent brewer’s grain, to months 
for dry lingo-cellulosic materials such 
as wood pellets. The period depends on 
the size of the store volume as well as the 
material; large stores self-heat faster than 
small ones. The established ‘basket test’ 
for self-heating rate has been extensively 
used but experience has shown this to be 
unpredictable in its accuracy.

In particular regard to wood pellets, 
newer pellets are a greater hazard, and 
mixing of batches also appears to increase 
the danger for reasons not well understood.

Fighting a silo fire
Quite a few silo fires have occurred and the 
level of success in fighting these has been 
variable. In many instances the silo and its 
contents have been a total loss.  

The value of inert gas injection for 
fighting such a fire has been graphically 
demonstrated by fires in two silos at 
Averdore in Denmark. A batch of pellets 
started to self-heat dangerously in two 

silos, each of multiple tens of thousands 
of tonnes. The larger silo had facilities in 
the base to inject gas through pipes and 
nozzles in the slab. Tankers of nitrogen 
were brought from all over Denmark and 
the Netherlands, draining both countries’ 
supplies for a number of days, and the self-
heating was eventually successfully brought 
under control. The silo and fuel were 
saved, however, the smaller silo had no gas 
injection facility, and the silo and contents 
were a total loss.

Several other instances have been seen 
in which fire fighters tried to put inert gas 
or dry ice into the top of a silo above the 
material. This was totally ineffective in 
stopping the smoldering as the inert gas has 
to be passed up from the bottom of the silo 
to displace the interstitial air. 

The negative effects of cutting an 
opening in a silo to allow hoses to reach 
a fire inside, thereby admitting air, were 
shown in a pellet silo fire in Rotterdam; the 
smoldering fire accelerated into an inferno 
and the application of external hoses did 
nothing to bring it under control. Again, 
both silo and contents were a total loss 
and a very expensive clean-up operation 
of thousands of tonnes of soaked and 
overheated wood pellets was required.

Problems with water
In general, the use of water for fire fighting 
has proved to be very ineffective because 
most biomasses absorb water and form 
an impermeable layer that water does not 
penetrate. A fish meal silo in Russia which 
caught fire was filled with water above the 
level of solids and drained three times, with 
the water being present for several weeks, 
yet this did not kill the fire. 

However, some benefit was achieved in 
several incidents in a UK power station 
by using a fine spray of water applied 

very sparingly from the top to control 
excessive headspace temperatures allowing 
overheating pellets to be discharged; 
although it did not bring down the pellet 
temperature, it did help to hold down the 
headspace temperature. Large amounts of 
water also can cause a silo structure to be 
overloaded.

Utilising foam 
Foam was found in a fire at Tilbury, UK, 
to be effective at holding back a flaming 
surface fire when the material had a 
flat surface, but once the material was 
discharged to remove it from the silo, an 
angle of repose formed and the foam ran 
off, allowing the fire to run out of control. 
The lesson is that if foam is to be used 
to control a surface fire, it should be high 
expansion foam so it can fill the space to a 
deep level – above the surcharge level - and 
not ordinary AFFF foam. 

The overall lesson
The lesson from these incidents is clear; 
expect a fire in any biomass silo, it’s not a 
matter of if but when an event will happen, 
so preparations to fight a fire must be put 
in place permanently. The main and most 
effective method is to ensure inlets and 
outlets can be sealed and that there are 
facilities to put inert gas in through the base 
while allowing displaced gas and smoke to 
ventilate through the top.

Inert gas must be applied inside a silo 
when discharging any material that may 
be burning – not doing so has in several 
instances led to dust explosions when 
overheated, caked material has arched then 
collapsed.

Fire detection
Detecting fire using CO sensing, historically 
used widely for coal silos, has proved tricky 
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PROOFfor biomass because many biomasses 
produce CO at variable levels without fire. 
Trending of CO levels has proved more 
reliable, but better still are sophisticated gas 
analysers that detect products of combustion 
to show up self-heating at early stage. 
However, it is important to believe their 
output; examples have been seen where 
a gas analyser has raised an alarm and 
operators have gone to the silo to inspect, 
finding nothing wrong so the warning has 
been ignored – only to find that smoldering 
become apparent a few days later.  

The lesson is that visual inspection and 
temperature sensing from the outside does 
not give any sign of trouble until some 
time after an event has started. Internal 
temperature sensing cables have been used 
successfully in even quite large silos and 
can give an indication of overall warming, 
although it can miss a local smoldering 
event due to the highly insulating nature 
of biomass.

Plan for protection
As a result of analysing a substantial 
number of silo fire reports, The Wolfson 
Centre has formulated what it believes 
to be a sound integrated plan for silo fire 
protection. This is based on experience, 
and although it is not guaranteed to be 
able to deal with every eventuality, it gives 
a combination of options that have together 
proved successful in many instances: 
• Heat detection on infeed to avoid 

loading overheating material
• Limitation of storage time (for self 

heating, from the basket test) – 
accounting for whether the discharge 
pattern is core flow (first-in, last-out) 
or mass flow (first-in, first-out)

• CO trending (not just level alarm) and 
gas analysis

• Foam dry riser to combat surface fires 
(specifically for use of high expansion 
foam)

• Ability to insert head space against 
dust explosion (<8% O2)

• Ability to insert interstitial gas in 
the bulk solid to a much lower level 
to smother the fire (<2% O2) by 
injection through the base – note; this 
must be maintainable for up to some 
weeks if required, the fire will take a 
considerable time to cool

• Facility to measure O2 concentration 
– in several places

• Inlet and outlet sealed off to contain 
gases and prevent air ingress, but a 
small vent for smoke on top

• Be cautious about using water – it 
does not penetrate, but can be used in 
very short bursts in a fine spray to cool 
the head space; automatic sprinklers 
or deluge are not recommended

• Take extreme care about exposing 
personnel to the danger of a backdraft 
explosion if opening any cover on the 
head space

• Have a conveying route that can be 
used to bypass material from the silo 
outlet direct to outside where it can 
be damped down safely, to empty 
overheated material if it is too hot to 
use

The above scheme facilitates firefighting 
from a distance to reduce the exposure of 
personnel to dangers. The Wolfson Centre 
Short Course on Biomass Handling 
expands on these recommendations. 
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