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FOREWORD
These are the storage and handling guidelines for solid
biofuel to be published as a Nordtest method. The
guidelines have been prepared in the project “Market
harmonisation by dissemination information on new solid
biofuel standards and development ash classification and
fuel storage guidelines”. The project is financed by the
Nordic Council of Ministers under the Nordic Innovation
Centre, by STEM, Sweden and by NCM, Finland.
This Storage and Handling Guideline for Solid Biofuels is
written by Mr. Lars Nikolaisen, Danish Technological
Institute; Mr. Peter Daugbjerg Jensen, Danish Technological
Institute; Mr. Uwe Zielke, Danish Technological Institute;
Mrs. Raida Jirjis, Swedish University of Agricultural
Sciences; Mr. Per Blomqvist, SP Sveriges Tekniska
Forskningsinstitut; Mrs. Eija Alakangas, VTT Technical
Research Centre of Finland; Mr. Timo Järvinen, VTT
Technical Research Centre of Finland; Mr. Max Nitschske,
DONG Energy; Mr. Ulf Göransson, Lunds Tekniska
Högskola; Mrs. Nina Haglund, NAH Consulting; Mr. Sean
Walsh, ÅF-Process Ab; Mr. Thomas Thörnquist, Växjö
Universitet; Mr. Torben Poulsen, Statoil; Mr. Gert Schultz,
Energi Randers Supply A/S; Mr. Paul Andersen, Skov- og
Naturstyrelsen; Mr. Simon Skov, Faculty of Life Sciences,
KU; Mrs. Anne Mette Madsen, National Research Centre for
the Working Environment, Copenhagen.
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and help to focus on health issues related to storage and
handling.

1

SCOPE

This best practice guideline gives recommendations for
utilizing best available knowledge, experience, methods and
technology in storage and handling to secure the quality of
the solid biofuel and to minimize health and safety risks. It
is intended for persons and organisations that manufacture,
plan, sell, install or use machinery, equipment, tools and
entire plants related to the production, purchase, sale and
utilization of these fuels on a commercial and industrial
level. The guideline is not addressed to single households
and individual small producers.

2

NORMATIVE REFERENCES

The following referenced document is indispensable for the
application of this document. For dated references, only the
edition cited applies. For undated references, the latest
edition of the referenced document (including any
amendments) applies.
EN 14588

Solid Biofuels – Terminology, definitions and
descriptions.

EN 14961-1 Solid biofuels – Fuel specification and classes,
General requirements.

INTRODUCTION
During the review of existing standards (NT TECHN
REPORT 584) in the BASREC Bioenergy 2003–2005
project (04215) and in the contacts with numerous solid
biofuel professionals from science and industry, needs and
ideas for further standards were identified and collected.
The need for storage and handling classification system was
identified and Nordic Innovation Centre decided to initiate
the development of a Guideline for storage and handling of
solid biofuels as part of the Nordic Innovation project
“Market harmonisation by dissemination on new solid biofuel
standards and development of ash classification and
storage guidelines (Biostandards project – NICe00618).
The growth in the use of solid biofuels that Europe has
experienced during the past 10–15 years has resulted in a
significant increase in the amount of solid biofuels handled.
The size of the storages and transports as well as the
number of locations where solid biofuel is handled and/or
stored has increased remarkably. The personnel operating
storage sites and transports have in some cases a very
short history of experience, and CEN standards or any other
national standards do not cover solid biofuel storage and
handling issues. However, there exist instructions on
company level which are used as guidelines.
For this reason it is argued that a guideline for correct
handling and storing of solid biofuels, based on existing
research and knowledge, would help to prevent accidents
and loss of solid biofuels through fires and can furthermore
prevent unnecessary deterioration of solid biofuel in storage

3

TERMS AND DEFINITIONS

For the purposes of this guideline, the terms and definitions
given in EN 14588 and the following apply.

3.1

solid biofuel

fuel produced directly or indirectly from biomass

3.2

biomass

material of biological origin excluding material embedded in
geological formations and transformed to fossil

3.3

dust

respirable, inhalable dust formed during handling operations
of fuel and explosive dust formed during handling and
processing of dry fuel. The term “dust” also includes
microbial matter, e.g. bacteria and fungi. The particle size of
slowly settling, airborne or inhalable dust particles is < 10
µm (PM10).

3.4

delivery agreement

contract for fuel trade, which specifies source, quality and
quantity of the fuel, as well as price, payment and delivery
terms
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3.5

producer

operator responsible for the production of the solid biofuel or
raw material for any refining operations with the purpose of
changing the fuel properties

3.6

quality

degree to which a set of inherent characteristics fulfils
requirements

3.7

supplier

operator responsible for the supplying of solid biofuels

3.8

buyer

operator buying solid biofuel from the producer or supplier
and retailing it to the end-user

3.9

end-user

operator utilizing solid biofuel for energy purposes

3.10

bundle

solid biofuel which has been bound together and where
there is a lengthwise orientation of the material

3.11

bale

solid biofuel which has been compressed and bound to keep
its shape and density

3.12

short rotation coppice

woody biomass grown as a raw material for its fuel value in
short rotation forestry

3.13

biofuel pellet

densified biofuel made from pulverised biomass with or
without additives usually with a cylindrical form, random
length typically 5 to 40 mm, and broken ends.

4

extrinsic allergic alveolitis

The guideline could be used e.g. as a reference when
planning new facilities or when problems occur in existing
facilities.
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SPECIFICATION OF DIFFERENT TYPES
OF SOLID BIOFUELS

Solid biofuels are produced in different sizes and shapes
originating from different raw materials. The physical
properties, like size, shape, moisture content and the type of
raw material influence the handling and storage properties
of the fuel. Types of solid biofuels are specified according to
EN 14961 based on traded forms, as described in Table 1.
Table 1. Major traded forms of solid biofuels (EN 14961 –
Part 1 – General requirements).
Fuel name

Typical particle size Common preparation method

Whole tree

> 500 mm

No preparation or delimbing

Wood chips

5 mm to 100 mm

Cutting with sharp tools

Hog fuel

Varying

Crushing with blunt tools

Log wood/firewood

100 mm to 1000 mm

Cutting with sharp tools

Bark

Varying

Debarking residue from trees
Can be crushed, shredded or
unshredded

Bundle

Varying

Lengthwise oriented & bound

Fuel powder

< 1 mm

Milling

Sawdust

1 mm to 5 mm

Cutting with sharp tools

Shavings

1 mm to 30 mm

Planing with sharp tools

Briquettes

Ø > 25 mm

Mechanical compression

Pellets

Ø < 25 mm

Mechanical compression

3

Small square bales 0.1 m
3.7 m3
Big square bales
2.1 m3
Round bales

Compressed and bound to cubes
Compressed and bound to cubes
Compressed and bound to
cylinders

Chopped straw or
energy grass

10 mm to 200 mm

Chopped during harvesting or
before combustion

Grain or seed

Varying

No preparation or drying except
for process operations necessary
for storage

Shells and fruit
stones

5 mm to 15 mm

No preparation or pressing and
extraction by chemicals

Fibre cake

Varying

Prepared from fibrous waste by
dewatering

COPD chronic obstructive pulmonary diseases
HP

3

in Clause 6. A description of selected storage and handling
facilities is given in Clause 7 and problems and risks related
to storage and handling are identified in Clause 8. In Clause
9, suggestions to solutions that prevent or reduce problems
related to storage and handling are presented.

SYMBOLS AND ABBREVIATIONS

The symbols and abbreviations used in this guideline
comply with the SI system of units as far as possible.
EAA

NT ENVIR 010

hypersensitivity pneumonitis

ODTS organic dust toxic syndrome

NOTE 1: Also other forms may be used.
NOTE 2: The definitions from different traded forms are in
accordance with EN 14588 and EN 14961-1.
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HOW TO USE THE GUIDELINE

This guideline covers common types of solid biofuels
originating from woody and herbaceous biomass as defined

NOTE 3: The wood may not contain heavy metals or
halogenated organic compounds as a result of treatment
with wood preservatives or coating.
NOTE 4: Sizes are not binding.
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DESCRIPTION OF STORAGE AND
HANDLING

7.1

Outdoor storage
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crushing systems. Typically fuels to be stored in road side
piles are uncomminuted branches, tops and tree sections,
e.g. thinning wood unsuitable for pulping.

7.1.1 Heaps and small piles
Storage of logging residues in heaps and small piles allows
foliage, e.g. needles and leaves, to fall off. This reduces the
ash content and increases the calorific value of the biofuel.
Heaps and piles on the logging site furthermore support the
remaining of nutrients in the forest area. The pile size
depends on the amount of residue per area unit, economical
and logistic considerations plus needs for drying and litter
drop. To promote drying the piles should not be too high. A
preferable size is 3 m wide at the base and 2 m high. In
Nordic countries, piles should not be left at the site after
early autumn, because the moisture content will increase at
this time of the year. The piles can also be covered and
formed to minimize rain water uptake to the pile. This
method dries the material and reduces the needle and leaf
quantity in the delivery. Typical fuels that can be stored in
small piles are uncomminuted branches, tops and tree
sections and heaps which are formed from uncomminuted
logging residues immediately after felling.

Figure 1. Example of small pile for storage (VTT).

Figure 2. Logging residue pile (VTT).

7.1.3 Large piles
Storage of comminuted logging residues in large roadside
piles does not allow the foliage to fall to the ground.
Therefore the fuel yield from roadside piles can be up to
30% higher than from smaller piles left in the logging site. In
return the ash content of the biofuel will be higher.
Comminution facilitates handling and transportation of
logging residues very much but storage of large quantities of
comminuted biomass is much more complex than storage of
uncomminuted biomass because it can initiate both biotic
and abiotic exothermic processes. The pile shape affects
heat development by determining the ventilating chimney
effect inside the pile. Because thermal lift and heat
convection the self-heating in large piles is affected more by
pile width than by pile height. Comminution of forest
biomass and end-use should lie within a short space of time
because of self-heating and the risk of dry-matter loss.
Typically, fuels to be stored in larger piles are comminuted
wood: wood chips, SRC chips, chunks and shredded hog
fuel.

7.1.2 Road side logging residue piles
The wood residues from final felling or thinning operations
can be gathered after log and pulpwood harvesting into road
side piles. The branches and tree crown mass may stay
depending on the demand and delivery arrangement on the
site for a longer period to reduce the needle quantity in
delivery. In this case also a portion of needles and leaves
and consequently nutrients is left on the site ground.
The height of road side logging residue pile may be up till 4
m. The length of pile is 20–30 m along a road side. The
over-seasoned piles will be mostly covered and top section
formed for enabling rain and melting snow water to run off.
The logging residues will be chipped at road side into a truck
or delivered uncomminuted to a heating or a power plant or
a terminal. In the latter cases the plant or terminal is
equipped with suitable crusher, often with heavy-duty

Figure 3. Example of large pile for storage (Biowatti Oy).
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7.1.4 Bundles

7.1.6 Bales

Handling and transportation of uncomminuted biomass can
be greatly facilitated by compacting it to bales or bundles.
This does not hinder drying, especially when the bundles are
stored under cover. Bundling fuel wood into relatively highdensity residue logs may result in lower dry-matter loss
related to microbial activity than is found in connection with
storage of comminuted logging residues.

Bales shall be placed preferably on dry, level ground close
to and along the transport road. The ground shall be free of
stumps, stones, and large residues. Pallets or similar
material can be placed under the bottom bales to prevent
uptake of moisture from the ground. Individual bales or
especially a pile of bales can be covered with tarpaulin,
plastic or equal material to prevent uptake of moisture from
precipitation. Individual bales of logging residues can be
wrapped with polythene net or covered with tarpaulin to
prevent uptake of moisture from precipitation.

RECOMMENDATION: Typical fuels to be stored in bundles:
logging residues and small trees from cleaning, thinning and
clear cutting operations.

RECOMMENDATION: Typical fuels to be stored as bales:
straw, reed canary grass, miscanthus and logging residues
(small trees).

Figure 4. Example of bundles (Arto Timperi).

Figure 6. Example of storage of bales (DTI).

7.1.5 Whole tree storage for drying (sour felling)
The trees are felled at springtime in good time before
delivery and left on the ground for drying and subsequent
chipping according to deliveries. By leaving the trees on the
ground the moisture content is reduced and a large share of
leaves and needles (and consequently nutrients) is left on
the ground.
RECOMMENDATION: Typical fuels to be stored as whole tree:
coniferous and deciduous young forest trees.

7.2

Indoor storage

Indoor storages shall be protected from exposure to water
sources to prevent moisture uptake in the solid biofuel. The
storage room should be well ventilated and it is
recommended to install CO-sensing systems. Refined
biofuels such as wood pellets shall always be stored
indoors.

7.2.1 A-frame
A-frame storage is typically a large store, up to several
10 000 m3, suitable for all kind of biomass fuels and bulk
materials. The name A-frame refers to the shape of crosssection and roof construction. It is utilized as an intermediate
storage at a power plant site and in terminals and harbours.

Figure 5. Example of whole tree storage (DTI).

The loading of A-frame storage takes place by belt conveyor
installed in the upper part of the store. In most cases the
conveyer belt is mobile and it may drop the material
lengthwise on the floor or in a heap in certain part of storage.
Discharge is carried out by crosswise screw conveyors
taking the fuel on the belt conveyor placed on the other
longitudinal side of the storage. Normally A-frame is
equipped with two linear moving screw dischargers but the
large A-frames and if there is a demand for efficient blending
and fuel quality homogenisation, more reclaimers can be
applied.
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A-frame storage is used for comminuted biomass fuels, like
all kinds of wood chips, saw mill dust and bark. Pellet can
also be stored in this kind of warehouse.

7.2.2 Silo
Silo storage is most common at power plants and pellet
factories. Large silos are used as an intermediate storage at
a power plant whereas feeding bins or silos are smaller. The
effective volume of intermediate storage depends on the fuel
delivery logistics and feeding silo volume on the fuel transfer
supply chain inside of a power plant. Production silos up to
few hundred m3 are typically carried out in pellet factories.
Very large silos with sizes of several thousand m3 are quite
common for intermediate storage of wood pellets, e.g. in
harbours. Typically older silos previously used for

Figure 7. Example of silo for storage of fuel pellets
(Per Blomqvist, SP).
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agricultural products are high and have a small diameter.
Newer silos built for storage of biofuels often have a larger
diameter compared to the height.
There are different types of discharge equipments in a silo,
depending on the bulk material stored and type of silo. For
less free flowing fuels as e.g. sawdust, a screw feeder is
normally used. Feeders applied e.g. for forest residues chips
differ from saw dust dischargers because of the particle size
distribution and moisture content variation which result in
different flowing properties of the two materials. For more
free flowing materials as e.g. wood pellets a bottom flow
device is the normal solution. However, in wide silos, a
combination of a screw feeder and a bottom flow device is
needed, also for free flowing fuels. Typical fuels to be stored
in silos are sawdust, wood powder, pellets and wood chips.

Figure 8. Example of an A-frame silo for storage of solid
biofuel (Raumaster).
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7.3.2 Loading and transport

7.3.1 Storage at the plant
Fuel storing at a plant should be designed taking into
account the fuel transport system to the plant and the plant
operation procedure. The main design parameter is the
storage size; a storage which needs daily loading, or a
storage which can be operated during weekends without
loading. Another important factor is removal of fuel
impurities. Even if the fuel specifications do not allow any
impurities, fuel experiences from practice show that
impurities appear occasionally.

Handling shall be conducted with a minimum of wear and
damage to the solid biofuel, Fuel pellets are very sensitive
to physical wear and weather conditions and shall be
handled with care. In particular, precautions should be taken
to avoid moisture uptake in pellets. Dust and fire prevention
shall also be taken into account in a transfer system.
NOTE: Transport refers to road, train or ship transport between
producer, supplier, retailer and end-user at an industry
level.

7.3.3 Unloading and internal handling

Crab crane storage for standard volume of 2 500 m3 and for
3 days operation
Fuel silo + magnet and
screen (optional)

Crab crane

During receiving and internal operations, the risk of dust
generation, ignition and explosion should be minimized.
Special precautions should be taken to avoid increase of
fines and wear during unloading and receiving pellets. The
precautions generally should focus on avoiding over-heated
or burning loads, spark detecting and fire extinction
systems. Typical unit operations close to a receiving station
are screening and crushing, which might produce sparks.
Heavy duty crushing equipment is also utilized for the direct
comminution of e.g. loose logging residues and small trees.
NOTE: When unloading e.g. vessel transports or other confined
storages there is a risk for an unhealthy/lethal atmosphere.
The risk for asphyxiation from low oxygen concentrations
and high carbon monoxide levels and also the toxic effects
from emitted irritant organic compounds must be
acknowledged.

7.3.4 Conveying
Fuel unloading

Push bar storage for standard volume 500 m3 and for 16 hours
operation
Fuel conveyor

Magnet and
screen (optional)

Conveying shall be conducted with a minimum of wear and
damage to the solid biofuel. Fuel pellets, in particular, are
very sensitive to physical wear and shall be handled with
care. Precautions shall be taken to avoid moisture uptake in
pellets. Minimal length of belt conveyor line should be
applied and many crossings and high drops should be
avoided, which raise the content of fines in a batch of
pellets.
NOTE: Receiving and conveying refer to internal transport at
producer, supplier, retailer and end-user at an industry
level.
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PROBLEMS AND RISKS

8.1

Physical damage and deterioration of the
quality of solid biofuels

8.1.1 Moist fuels

Fuel unloading

Hydraulic push bars

Figure 9. Examples of a small volume push bar storage and
a large volume crab crane storage for wood fuel capacity of
20 MW are shown (Wärtsilä Biopower BP5).

Once a fresh biomass is comminuted (size reduction by
chipping or hogging) and piled, a number of biological,
physical and chemical processes take place. Respiration of
plant cells and microbial growth are the main biological
activities which occur soon after chip piling and lead to heat
release inside the pile [9]. Due to limited air passage inside
the pile and the low conductivity of woody biomass, the heat
accumulates reaching around 60 °C. At this temperature

NORDTEST METHOD

most of the biological activities cease. Further heat
development results from subsequent physical and
chemical processes such as water transport and adsorption,
hydrolysis, chemical oxidation and charring. All these
processes cause the well-known storage problems: dry
matter loss, deterioration of fuel quality and heat
accumulation which could ultimately lead to spontaneous
ignition. Another problem which can be encountered during
storage and handling of fresh/moist wood fuel is a potential
health risk caused by the release of high concentrations of
bacterial particles and fungal spores to the surrounding air
thus creating an unacceptable working environment (see
Clause 8.3.2).
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for microbial colonisation. It also reduces air passages
inside the pile thus reducing the possibility for heat diffusion.
Storage of larger particles, e.g. chunk wood and small trees
in bundles, is known to cause fewer problems than chips.

8.1.2 Pellets and briquettes
Pellets are very sensitive to moisture and physical damage
through improper handling during conveying and transport.
Increased moisture content reduces the durability of pellets
and briquettes and consequently the amounts of fine
particles increase which reduces the quality of the fuel.
Furthermore, high moisture content may facilitate
temperature increase which leads to self ignition problems
(see Clause 8.2).

8.2

Risk of fire and explosion

8.2.1 Spontaneous ignition
Solid biofuels are porous, often moist materials, which are
prone to self-heating caused by microbiological activity,
chemical oxidation and physical processes as mentioned in
Clause 8.1.1. The outcome of the self-heating process is a
balance between the heat production rate and the rate of
heat dissipation. Thermodynamically, the larger the size of
the storage, the greater is the risk for spontaneous ignition.
Moist fuels

Figure 10. Scheme showing the effect of various processes
which occur during storage of wet chips (R. Jirjis, SLU).

Examples of fuels for which heat production from microbiological metabolism is important are wood chips, bark and
other solid biofuels with relatively high moisture content,
which are normally stored outdoors. Fungi and bacteria are
dependent on moisture for degradation of the wood content.

Moisture content of the fuel is another major property which
affects microbial activity and subsequently heat
development and dry matter losses. Moisture/humidity is
essential for the metabolic activities of fungi and bacteria.

Microbial growth results in a temperature increase in the
stored fuel. Peak temperatures of microbial self-heating vary
between 20°C and 80°C, dependent on the type of microorganism [9]. Chemical degradation normally starts to have
some influence at 40°C, and at temperature above 50°C
these processes will dominate the biological processes. It
has been shown that oxidative processes are faster in wood
containing higher amounts of lignin and that the presence of
metals increases the oxidation rate [9, 20]. As the heat
producing processes proceed, heat is transported from the
interior of the bulk towards the surface. The centre of the
bulk is drying and water is transported out from the centre
and condensing on the outside layers. Height of pile and
ambient temperature are factors which influence average
moisture content and temperature during storage of sawmill
residue. In particular, the shape of a chip pile effects the
temperature rise more than the height of the pile as the
shape will determine the ventilating chimney effect in the
pile. The ventilation provides the oxygen needed by
metabolic activity as well as it cools the pile interior by
convection [6].

Particle size of the chips influences on many processes
directly and indirectly. Chipping the fuel leads to an
enormous increase in the exposed surface areas available

The main factors influencing the temperature in the stack
are: moisture content, moisture gradients, the size of the
bulk and density [26]. Mixing fuels with different moisture

Deterioration of fuel quality can be indicated (or identified)
by changes in the chemical and/or physical properties of the
fuel. Deterioration of quality can imply a reduction in the
calorific value of the fuel, inhomogeneous fuel due to
increased and uneven moisture content, increased ash
content as a result of the loss of organic matter and an
increase in the percentage of fine particles.
The effect of storage on fuel quality is decided by many
factors related to the properties of stored material and
storage method. The composition of the material, e.g. wood,
foliage, bark, etc. affects the rate of biological degradation
since it determines the availability of easily usable nutrients
in the stored chips. Needles and bark, for example, have
more soluble nutrients and higher nitrogen content than
stem wood thus providing a better substrate for the rapid
establishment of fungal and bacterial growth.
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content should be avoided as the moisture gradient may
lead to increased risk of self ignition. Spontaneous ignition
starts as pyrolysis in the interior of the stack in cases when
the heat production exceeds the heat dissipation in bulk
material. The spontaneous ignition results in flaming
combustion in cases when the pyrolysis spreads to the
surface of the stack.
Dry fuels
Storage of dry wood fuels (moisture content of around 10%
wet weight basis) as e.g. wood pellets and dry sawdust
requires a protected environment to maintain the low
moisture content and, in case of pellets, the structure of the
fuel. Thus, the storage conditions for these types of fuels are
entirely different from the storage of moist fuels as e.g. wood
chips, and due to the low moisture content the growth of
micro-organisms is limited. Recently produced solid biofuel
pellets shall be cooled immediately after production to avoid
condensation of moisture. This is particularly important for
pellets which are packed in closed bags.
Heat build-up does occur in large storages and also in some
cases in small piles of wood pellets stored at normal
ambient temperatures. For wood pellets the inclination for
self-heating seems to vary between different qualities of
pellets and it is most problematic relatively shortly after
production. The heat production is most probably due to low
temperature oxidation of easily oxidised components in the
material. It has been suggested that a high content of
unsaturated fatty acids in the fuel increases the problem
with low temperature oxidation and self-heating of wood
pellets [1]. Fresh pine sawdust contains high amounts of
unsaturated fatty acids. In storages of dry sawdust, heat
production has been observed in cases when moist material
has been mixed or added to the otherwise dry material.
Spontaneous ignition of dry wood fuels is a result of a chain
of events in which a fuel that exhibits one or several heat
producing processes is stored in such a large volume that a
heat build-up occurs. The main risks from the self-heating
process of a fuel stored in an enclosed structure as a silo
are the following, in order of occurrence:
–

Emission of asphyxiate (e.g. CO) and irritating (e.g.
aldehydes and terpenes) gases (see Clause 8.3.1);

–

Spontaneous ignition in the bulk material, resulting in
emission of pyrolysis/combustion gases;

–

Smoke gas and/or dust explosion can occur if e.g. the
top compartment of a silo is approached in rescue work;

–

Surface fire and fire spread often as a result of an
explosion.
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fuel handling and processing may further act as an external
ignition source. Also fire pockets or hot spots in a fuel (truck)
load may cause fire.

8.2.3 Risk of explosion
There is a risk for dust explosion when handling and
processing dry biofuels in confined spaces. Particles of
combustible materials mixed in air will burn with a violence
and speed that generally increase with decreasing particle
size [15]. After ignition of a dust cloud the combustion rate
can be very fast and the required ignition energy very small
and the result would be a dust explosion.
Wood dust may form an explosive mixture in low concentrations (< 30 g/m3) if there is oxygen available and an
ignition source (energy > 10 mJ). The oxygen concentration
of air present during normal handling operations is sufficient.
The average particle size of explosive wood dust may be
essentially larger compared to inhalable dust, although a
smaller particle size generally increases the explosion risk.
The requirements for a dust explosion are included in the
triangle: sufficient dust concentration, air and an ignition
source. The moisture content of the biofuel is not decisive
for the risk for dust explosion, but the dryer the fuel, the
more fine dust may be formed.
A dust explosion can be a separate event or the
consequence of a fire or a fire gas explosion. A possible
scenario is that a fire gas explosion, e.g. in the top of a silo,
stirs up fine dust from the fuel bed and that the dust cloud
is ignited by burning fuel resulting in a secondary (dust)
explosion.
ATEX Directive 99/92/EC refers to the safety and health
protection of workers potentially at risk from explosive
atmospheres of the European Parliament and the Council of
23 March 1994 on the approximation of the laws of the
Member States concerning equipment and protective
systems intended for use in potentially explosive
atmospheres [2]. The directive highlights what the employer
must do to prevent and protect against explosions as well as
classifies hazardous areas into zones, for example as
defined below for dust:
–

Zone 20 – An atmosphere where a cloud of combustible
dust in the air is present frequently, continuously or for
long periods.

–

Zone 21 – An atmosphere where a cloud of combustible
dust in the air is likely to occur in normal operation
occasionally.

–

Zone 22 – An atmosphere where a cloud of combustible
dust in the air is not likely to occur in normal operation
but, if it does occur, will persist for only a short period.

8.2.2 External ignition sources
External ignition sources include heat from conveyor friction,
friction heat from screw feeder devices inside silos, local
temperature-rise of electrical motors during overload, and
back-fire and sparks near boilers. Sparks from e.g. static
electricity, rocky or metallic material and friction heat from
rocky material, ferrous and non-ferrous metallic particles in

8.3

Health risks

8.3.1 Gas emissions
Emissions of volatile content and degradation products can
occur during storage and transport. Emission of mono-

NORDTEST METHOD

terpenes from bark was found to be high immediately after
building a pile of fresh bark but declined within few days to
acceptable levels. Working environment in offices located
close to a storage site for wood chips and bark piles is often
acceptable despite a distinct odour of biofuel. Emissions
from piles stored outdoor are normally diluted by
surrounding air and have, therefore, limited effect. A greater
risk for exposure to harmful emissions from stored biofuel
comes from storage in enclosed spaces. Examples of such
storages are cargo spaces in ships and storage in silos and
other confined storages [7].
Emissions of aldehydes and terpenes have been found in
bulk storages of wood pellets [24]. Typical compounds found
are hexanal, pentanal and monoterpenes. Emission of CO
has been seen both from bulk storage of wood pellets at
production plants [17], storage in silos and transportation in
ships. Concentrations of CO close to 1 vol-% have been
measured in silos [3], and several fatalities from CO
poisoning have occurred in cargo spaces in ships during
unloading [18].
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consists of live and dead bacteria and fungi, microbial
components as endotoxins, peptido-glycans, enzymes and
β-glucans [13] and probably also plant fibres.
At biofuel plants the employees may be exposed to complex
bio-aerosols [12] and a wide range of potential health effects
have to be considered. Three major groups of diseases
associated with bio-aerosol exposure can be distinguished:
‘infectious diseases’, ‘respiratory diseases’ and ‘cancer’. At
biofuel plants mainly respiratory diseases have to be
considered. Respiratory symptoms can range from acute
mild conditions that initially hardly affect daily life, to severe
chronic respiratory diseases that require specialist care [4].
Respiratory symptoms can cover: asthma, chronic
obstructive pulmonary diseases (COPD), hypersensitivity
pneumonitis (HP) and organic dust toxic syndrome (ODTS)
and extrinsic allergic alveolitis (EAA).
The health effects of exposure to bio-aerosols depend on
the exposure level, the bio-aerosol composition, and the
person exposed.

NOTE: See Annex A for national limit values.

9

PREVENTION OF PROBLEMS AND RISKS

8.3.2 Moulds and other micro-organisms

9.1

Improvement of storage

Storage of wet solid biofuel, especially freshly chipped
material, in a pile provides a favourable environment for the
growth of many species of bacteria and fungi. The most
common and abundant colonisers of stored material are two
groups of micro-organisms: Actinomycetes (bacteria with a
growth pattern similar to fungi) and moulds which are fast
growing fungi. These micro-organisms produce large
numbers of microspores (< 5 mm in diameter). These
spores become airborne when the chips or straw are
handled, e.g. shovelling, loading and unloading at the
heating plant. Due to their small size, the spores are easily
inhalable and they can penetrate the respiratory system and
cause allergic reactions. Allergic alveolitis are one of the
lung diseases which is caused by the inhalation of mould
dust. Handling mouldy chips can lead to the release of high
concentration of spores to the air, exceeding 109 spores/m3
air; using a protective mask is therefore highly
recommended.

9.1.1 Outdoor

Typical symptoms of allergic reactions include eyes
irritation, blocked nose, cough, wheeze and tight chest.

Outdoor storage should be arranged as far as possible so
deterioration of the quality of the solid biofuel is avoided, e.g.
increased moisture content and pollution with sand, dirt, etc.
The storage should be placed preferably on dry, level
ground close to the transport road. The ground should be
free of stumps, stones and large residues. At factory and
terminal storage bituminous ground surface covering is
advisable. The storage should be placed higher than the
roads to avoid percolation of rain water from the road to the
storage. To prevent uptake of moisture from the ground, a
dry bottom surface layer for a pile is preferable and to avoid
penetration of precipitation from the top, the storage can be
covered with hydrophobic shield, impregnated paper or
similar covering material.
RECOMMENDATION: Open-air storage of pellets shall always
be avoided because of imminent risk of damage through
moisture.

Practical advice regarding outdoor storage of wood fuels to
minimize self heating [19, 10]:
–

If possible, store dry fuels to avoid microbial growth
(< 20% moisture content);

There is always some dust present when handling
especially dry fuels produced from biomass. The harmfulness of dust depends on chemical (and mineralogical)
composition, dust concentration and particle size and
shape. Air-borne small particles (≤ 5 µm) are able to
penetrate deep into lungs and may cause occupational
respiratory diseases.

–

Fuels of different qualities should never be mixed when
stored;

–

Store preferably in small piles and for a short time;

–

It is important to utilize fuel or raw material piles
according to age; the oldest first (FIFO-principle: First-in
– First-out). Reduce storage time as much as possible;

Bio-aerosols are usually defined as aerosols or particulate
matter of microbial, plant or animal origin that is often used
synonymously with organic dust. Organic dust from biofuel

–

Avoid compaction of the material;

–

Raise piles in elongated stacks with a base-width of
twice the height of the stack;

8.3.3 Organic dust

NORDTEST METHOD

–

Examples of recommended maximum open pile storage
heights: wood chips from pure wood without bark –
15 m, forest residue chips – 7 m, bark – 7 m sawdust –
6 m.

9.1.2 Indoor
Indoor storages shall be protective against exposure to rain
and other water sources to prevent moisture uptake in the
solid biofuel and the storage space should be well
ventilated.
In storage with low ventilation, a CO-sensing system is
recommended to be installed for occupational health
concerns.

9.1.3 Silo
A silo should be equipped with temperature measurement
and gas detection systems if the arrangement can be
technically and economically feasible. It should further be
prepared for fire extinction and emergency unloading of hot
material.
The temperature measuring system should include
temperature sensors placed at different heights and at
different horizontal positions. The measurement system
shall be able to measure temperatures up to 100°C at a
minimum. A normal solution is to mount temperature
sensors on wires that are traversing vertically in the silo. The
gas detection system can preferably include analysers for
CO and O2 and shall measure the atmosphere in the top of
the silo. The level of the CO-concentration can be used as
an indicator of oxidation or pyrolysis in the bulk material. The
measurement of the O2-concentration is valuable during an
extinguishing operation using inert gas to ensure that an
inert atmosphere has been reached in the silo (see Clause
9.3.3). There is also advanced fire detection system
available based on gas sensors (“electronic nose”) that
might be useful for supervision of the silo.
The silo shall be prepared for emergency unloading of the
fuel in case of a fire. The normal unloading device of a silo
generally has too low capacity for fast emergency unloading.
The use of normal transport systems (conveyers, elevators,
etc.) might increase the risk for fire spread in the facility
during unloading.
The silo shall be equipped with possibility for inert gas
injection during a fire extinguishing operation (see Clause
9.3.3). In boiler feeding bins the inert gas is mostly steam
and in pellet silos nitrogen gas or carbon dioxide. The
injection point shall be located in the bottom of the silo. A
silo with a large bottom surface is preferable equipped with
several injection points.
It is preferable if the silo could be made as airtight as
possible during a fire extinguishing operation with inert gas
injection (see Clause 9.3.3).
In silo buildings with low ventilation, a CO-sensing system is
recommended to be installed to monitor the atmosphere in
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the top of a silo complex and in adjacent premises for
occupational health concerns.
Practical advice regarding silo storage of wood fuels is to
avoid static storage of wet biofuels in silos for long periods
of time.

9.1.4 A-frame storage
A-frame storage should be equipped, especially what pellet
and saw dust is concerned, with temperature and gas
detection systems. Emergency unloading takes place
usually from the open side of storage using front loaders;
separate exit doors or gates are not necessary.
Due to the complex mobile belt conveyor system inside the
store the technical failures, over-loaded electrical motors,
static electricity, etc., connected with the existence of dry
fine dust, may cause ignition and even dust explosions. The
dust may pile up on beams and structures.
A-frame discharge screws may leave “dead ends” in corners
and near the end walls, where fuel may stay too long time.
If the fuel has a tendency of self heating and ignition, the
places which the reclaimers cannot reach have to be
sufficiently controlled and if necessary emptied and cleaned.
In every case the full cleaning should be completed during
shutdowns and before maintenance work.
Conveyor tunnels along the long side of A-frame storage
should be equipped with temperature measurement and gas
detection to prohibit the possibility of over-heated or burning
material getting further. Also fire extinguishing media
systems are necessary, e.g. in terms of sprinkler systems.

9.2

Improvement of handling

9.2.1 Reduction of physical damage during
handling and transport
Handling and transport shall be conducted with a minimum
of wear and damage to the solid biofuel. Also dust problems
and fire prevention shall be taken into account in a transfer
system.

9.2.2 Pellets and briquettes
Fuel pellets are very sensitive to physical wear and weather
conditions and shall be handled with care. In particular
precautions should be taken to avoid moisture uptake in
pellets and other dry biofuels. Conveying distance should be
kept to a minimum. Transfer points and large drops should
be avoided as they increase the fines content, especially in
pellets.

9.3

Prevention of fire and explosion

9.3.1 Prevention of spontaneous ignition
9.3.1.1 Moist biofuels
The risk of spontaneous ignition increases if the raw
material or solid biofuel is initially moist, the stored volume

NORDTEST METHOD
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is large and the ambient temperature is high. Mostly, the
initial temperature increase takes place due to biological
activity and continues through chemical oxidation. Therefore
short storing periods are preferable and storage control
essential.

9.3.2 Reduction of external ignition sources

Practical advice to prevent spontaneous ignition:

–

hot points or fire pockets in fuel or raw material delivery;

–

Fuels of different qualities (e.g. different raw materials,
particle sizes, moisture content) should never be mixed
when stored;

–

receiving operations (screening, crushing) connected
with spark forming impurities of fuel or raw material;

–

change in process schema and failures;

–

Store preferably in small piles and during a short time;

–

–

Avoid metal objects in the pile;

–

Follow the development of temperature in a pile or
storage;

hot work in conjunction with inadequate cleaning and
preparations (i.e. use of water to wet down potentially
combustible materials);

–

–

In the case of high self-heating phenomena (> 60
take sufficient measures to prohibit open fire;

oC),

use of equipment having a surface temperature above
100 oC for continuous operation in a space where
explosion risk is obvious;

–

Never deliver fuel having high temperature or fire
pockets.

–

electric motor overload, friction in handling and conveyor
system, temperature rise in gears and/or bearings.

9.3.1.2 Dry biofuels
Dry refined wood fuels, as pellets, may produce heat from
e.g. slow oxidation processes even during storage at
ambient temperatures. This seems to be most common
relatively shortly after production but can occur later. The
tendency for self-heating has been seen to vary between
wood pellets of different origin.
General recommendations and advice:
–

Avoid storage and transport of large volumes if the fuels’
tendency of self-heating is unknown;

–

A large storage volume increases the risk
spontaneous ignition of self-heating materials;

–

Avoid mixing different types of fuels in the storage;

–

Avoid a large part of fine fraction in the fuel bulk;

–

Avoid mixing fuel batches with differences in moisture
content.

for

Storage control and detection:
–

Temperature monitoring of the fuel storage is the most
important measure to take. Monitor the temperature at
several different locations in the fuel bulk;

–

Measurement of the CO concentration in the air above
the fuel surface is one possible method for detection of
activity in the fuel bed. Other detection methods include
multi-gas detectors and sensitive “electronic nose” type
of detectors;

–

The first sign of an ongoing self-heating process is often
a sticky and irritating smell;

–

If “fire smell” is sensed from the storage and/or if smoke
(not water vapour) is observed from the storage there is
already pyrolysis taking place somewhere in the fuel bulk
and a fire fighting operation has to be initiated;

Advice in case of self-heating/spontaneous ignition and
actions for extinguishing a fire are given in Clause 9.3.3.

Identify potential external ignition sources and remove them
from areas with combustible material if possible.
Most important external ignition sources are:

Critical unit operations for fire and explosions in handling
and feeding systems of a power or heating plant are
receiving of fuel, sieving or screening and crushing. Prior
notice for very dry and/or dusty delivery lot is recommended.
Also limits for dryness for a fuel may in some cases be
utilized. During screening and crushing operations spark
detection followed by immediate extinction is recommended.
Conveyor systems should also be regularly controlled and
kept as clean as possible. Camera control and fire gas
sensing systems are recommended.
Critical phases for fire and explosions are start-up and
shutdown of the combustion or production process, also
changes in a process and failures may cause risks for fire
and explosion.
Repair and reconstruction of handling systems may easily
result in fires and even explosions caused by hot work
together with neglected cleaning and lack of any
extinguishing apparatus. The background is often too tight
time tables for the repair or reconstruction and lack of
training. The repairs may be implemented by companies,
whose personnel are not necessarily familiar with the
process or circumstances at a plant or (factory) terminal.
Therefore the control of work by external companies and
orientation of guest workers are important. Requirement of
hot-work licences is a typical way to increase safety.
Training of rapid fire extinction by the normal plant operating
force is recommended. Also periodic training is necessary.
But a severe situation requires help from the rescue
services. Many false alarms may cause negligence in real
situation and should therefore be avoided. Careful
preplanning of fire safety with local rescue authorities is
necessary.

9.3.3 Extinction of fire
The methods for extinguishing a fire in biofuel storages and
the action to avoid an incipient fire are different for storage
in freely located heaps and storage in silos and other
enclosed storages.
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safety reasons. A feeding rate of N2 of 5–10 kg/m2,h (m2
cross section area of silo) and a total amount of 5–15 kg/
m3 (m3 gross volume of silo) have been proposed [15].

9.3.3.1 Freely located heaps and stacks
9.3.3.1.1 Outdoor
–

Locate hot-spots and dig out and remove warm/active
material from the stack;

A fire fighting operation could proceed as follows:

–

Spread out the material at a safe place and let it cool off;

–

–

Use water spray/jets to cool/extinguish pyrolysing
material during the extinguishing operation. Water shall
also be used to control any open fire. Water additives,
e.g. fire fighting foams and wetting agents might improve
the extinguishing efficiency.

Filling of the silo with inert gas from the bottom of the
silo. The filling process is monitored by gas
measurements in the top of the silo. A reduction in the
oxygen concentration can be used to follow the
proceeding of the inertation. The CO-concentration
would initially increase (from the concentrated pyrolysis
gases transported up from the bulk of the silo) and after
that decrease when the inertation has reduced the
pyrolysis activity in the bulk material.

–

Filling of the top compartment of the silo with inert gas to
reduce the risk for gas/dust explosions may be needed
initially. This is especially important before performing
any work or action that could ignite gases/dust.

–

The temperature decrease in the bulk material is
monitored by the temperature measurement system (as
the gas filling proceeds).

–

Start emergency unloading of the material in the silo
when the temperature has decreased to an acceptable
temperature (the gas filling proceeds). Extinguish any
burning/glowing material that is unloaded from the silo
with water.

–

Place the unloaded fire damaged material on a safe
location outside away from any combustible objects/
surfaces.

9.3.3.1.2 Indoor
–

Locate hot-spots and dig out and remove warm/active
material from the heap.

–

Spread out the material at a safe place and let it cool off.

–

Use water spray/jets to cool/extinguish pyrolysing
material during the extinguishing operation. Water shall
also be used to control any open fire. Water additives,
e.g. fire fighting foams and wetting agents might improve
the extinguishing efficiency.

9.3.3.2 Silos
Early observations and actions:
–

Follow the temperature development in the silo. The
temperature in the bulk of a self-heating silo storage
initially stabilizes at a temperature below 100 °C. The
exact temperature is often considerably below 100 °C
and depends on the location in the bulk. The
temperature remains constant until the material has
completely dried out. When the material is dry the
temperature can increase very quickly and the initial
slow oxidation can go into pyrolysis with much higher
temperatures as a consequence;

–

The first sign of an ongoing self-heating process is often
a sticky and irritating smell;

–

Unload the silo from warm/active material in an early
stage if possible to avoid spontaneous ignition.
Unloading and cooling of the fuel could be made to
adjacent silo compartments or out in the open;

–

–

If “fire smell” is sensed from the silo and/or if smoke (not
water vapour) is observed from the silo there is already
a pyrolysis taking place somewhere in the fuel bulk and
a fire fighting operation has to be initiated (see below);
If dark or pyrolysed material is unloaded a fire fighting
operation has to be initiated (see below).

There are at present no definitive guidelines for proper
extinguishing of silo fires available. These guidelines are
based on studies of extinguishing tactics in silo fires with
wood pellets that have been made at SP in Sweden [22] and
on experiences from some real fires.
NOTE 1: Extinguishment of a silo fire is a lengthy process that
normally takes several days to complete.
NOTE 2: Water should be used with caution in an extinguishing
operation. There is a risk for expansion and swelling for
many biofuels (e.g. wood pellets) which may lead to sticking
of solid material to walls and subsequent risk for collapse
and falling material down in the silo. Expansion may further
result in damage to the silo construction.
NOTE 3: Water could be used in certain cases, and for certain
materials, for injection into the bulk in order to extinguish
local pyrolysis zones.
NOTE 4: If water is used in the early phase of a rescue
operation as an extinguishing media in the top of the silo
there is a risk that the water injection introduces fresh
oxygen into the top compartment of the silo and further that
the water injection creates a dust cloud. This could induce a
risk for fire gas/dust explosion.

Tactics for extinguishing silo fire:
The recommended method for extinguishment of a silo
fire is filling the silo with an inert gas to reduce the
oxygen concentration and thereby the combustion rate
and to cool the material, and also for reducing the risk for
gas and dust explosion. Nitrogen (N2) or carbon dioxide
(CO2) could be used as an inert gas. Nitrogen may be
the best choice in many cases from both economical and

9.3.4 Prevention of explosion
Follow the recommendations in ATEX Directive 99/92/EC
concerning potentially risk from explosive atmospheres [2].
The directive highlights what the employer must do to
prevent and protect against explosions as well as classifies
hazardous areas into zones of different level of risks.
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Biofuels may form a lot of dust which is a risk if cleaning
simultaneously is inadequate. Regularly cleaning by using
water spray is necessary in storing and handling system.
Attention should be paid to the spaces or spots where dusty
material may stay for a long time unnoticed. A fire detection
system is advisable in critical places of a handling system.
In general the following caution should be observed: Avoid
unnecessary dust formation, secure sufficient ventilation,
remove potential ignition sources and keep the premises
clean.

9.4
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The Danish rules of using masks, which mask to choose as
well as how to use it are described at two homepages of the
Danish Working Environment Authority. One page is
concerning masks and the other about exposure to bacteria,
fungi and other micro-organisms [22]. The Swedish rules of
using masks and which mask to choose as well as how to
use it are described at two homepages of the Swedish
Working Environment Authority [23].
NOTE: As the rules and regulations for personal protection is a
national matter which further may be subject to changes,
national authorities should be consulted for the current
status.

Prevention of health risks

Exposure levels and personal exposure can be minimised
by structural and technical measures, work arrangement
and finally by use of proper personal protection.
NOTE: When unloading e.g. vessel transports or other confined
storages there is a risk for an unhealthy/lethal atmosphere.
The risk for asphyxiation from low oxygen concentrations
and high carbon monoxide levels and also the toxic effects
from emitted irritant organic compounds must be
acknowledged.

9.4.1 Gas emissions
Before entering an enclosed storage facility the gas
composition must have been properly analysed. The
greatest risks that must be acknowledged is high
concentration of carbon monoxide (CO), a low concentration
of oxygen (O2) and high concentration of irritant organic
compounds. If the gas atmosphere is not analysed before
entering the storage, personnel must carry personal
measuring devices for CO and O2. The other alternative is
to wear self-containing breathing apparatus (SCBAapparatus).
NOTE: Personal protective masks are not a protection against
CO-poisoning. A SCBA-apparatus is the only protection
when working in atmospheres with increased CO-levels.

9.4.2 Organic dust
Workers handling solid biofuels may be exposed to organic
dust with different components as e.g. endotoxin and fungi,
which can pose a risk to their health. The exposure level is,
however, affected by different factors, and different
measures can be taken to reduce exposure. Below is a
summary of these factors and measures.

9.4.2.1 Inhibiting inhalation
Masks
The use of personal protection equipment as masks is only
a solution which can be used if the work cannot in other
ways be organized securely. The air pollution shall, if
possible, be removed where it is developed and the
exposure reduced as much as technically possible.

9.4.2.2 Inhibiting of airborne spreading
Technical Measures
Planning and layout of a power plant or pellet factory plays
an important role. Most critical is how to locate activities
forming airborne dust related to the other operations. There
are numerous technical measures available: ventilation,
exhaust ventilation and negative pressure, curtain, walls,
fine water sprays, closed sections and remote control,
equipments and machinery can be utilised a.o.
Spreading of airborne spores from the solid biofuel storage
to other parts of an energy plant can be reduced by installing
double doors between the storage and the other part of the
energy plant. The control of loading and unloading under
variable wind and air stream and circulation conditions is
important for reducing dust problems at factory and handling
sites from occupational and fire safety reasons. Attempts as
sealing of dust generating processes or areas can be
performed. Thus sealing of a box around a straw shredder
has been seen to cause a significant reduction in the
exposure to bio-aerosols in the surroundings.
Factors affecting exposure
Different factors as task, moisture content of the biofuel,
storage temperature and period, season, time of tree
chipping, wood species and kind of biofuel are described to
affect the microbial dustiness of biofuel and the following
human exposure. More micro-organisms are released from
wood chips and straw in spring than in autumn [8]. Fine chips
are shown to release more fungi than block chips [14]. Wood
briquettes and wood pellets are shown to be dusty, but the
released dust only contains very small amounts of microbial
components. In contrast, wood chips release less dust, but
the dust has a high content of microbial components. Straw
is described to be dusty and the dust has a high content of
microbial components. Tasks as unloading of solid biofuels
indoor and fixing of straw shredders are identified as dusty
tasks [11, 13] and protective actions must be taken.
With the knowledge of these factors, attempts to reduce
factors are possible. For example with the knowledge of
dusty areas’ stay in these areas should be as short as
possible. Similarly, with the knowledge of dusty tasks
technical preventive steps (see the section Technical
Measures) can be taken, or if not possible personal
protection equipment can be used (see the section Masks).
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ANNEX A.1 National limit values for gas emissions
Country

Date

Terpenes
3
mg/m

CO/m

Denmark

August 2007

25

25

Sweden

AFS 2005:17

150 (8-h)

40 (8-h)

300 (15-min)

120 (15-min)

Finland

2007

no limits at the moment for single terpen
compounds, ref. turpentine 140/2801)
3
mg/m

ANNEX A.2 National limit values for organic dust
(Normative)
Country

Date

3

Dust mg/m

Denmark

3

a)

Sweden

3

a)

Finland

5

b)

2

c)

Finland

2007

a)

Occupational exposure limit (OEL) of unspecific inhalable dust

b)

HTP = Harmful Known Concentration for the respirable inert
organic dust

c)

Wood dust

3

16
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