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2 Foreword 
The main objective of this report is to orientate forest managers, biomass producers and other re-
lated stakeholders about the characteristics of the raw material according to their origin and their 
production processes, which most determine the potential energetic end-use of the forest biomass 
they are dealing with. 
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3 Introduction 
When relating woodfuel specification and quality to burner types, several main factors need to be 
taken into account: 

- The type, species and volume of the supply required. 

- The availability and proximity of the woodfuel resource. 

- The selection of the most appropriate readily available supplies in relation to wood burning 
appliances. 

- Processing and storage of the woodfuel. 

There are several principal categories of woodfuel end user and associated needs, and woodfuel 
burning appliances vary in scale and complexity to suit their desired purpose. Woodfuel may be 
used for small scale heating, for larger scale electricity generation, or for combined heat and power 
(CHP) plants (1). 

A chip specification can be selected after the system is selected, but generally it is best to 
choose a fuel first (2). 

4 Potential end uses and end users 1 
There are several principal categories of woodfuel end user and associated needs, and woodfuel 
burning appliances vary in scale and complexity to suit their desired purpose. Woodfuel may be 
used for small scale heating, for larger scale electricity generation, or for combined heat and power 
(CHP) plants. Examples of a range of woodfuel burning systems, from small domestic units to big-
ger ones, are described in this document, together with an outline of fuel feed methods. 

According to the type of thermal conversion installation and the user, it is possible to differentiate 
several kinds of end users 

- Domestic individual user: using small units (10-70 kWth) 
o Profile 1: Aware of the use and maintenance of the boiler 
o Profile 2: Unaware, they do not want problems 

- Tertiary building: medium to big units (>70 kWth) (hospitals, schools, swimming pools, etc) 
hotel. Profile: Energy service companies (ESCOs) and building's maintenance personnel 

- District heating: medium to big units (>100 kWth). Profile: District heating's technician 
- Farms: medium to big units (>100 kWth). Profile: User also responsible of operation and 

maintenance. Self-supply 
- Industries - heat in the form of steam, hot/superheated water, thermal fluid, exhaust gases: 

medium to big units (>250 kWth). Profile: Dedicated responsible of operation and mainte-
nance 

- Small (gasification) CHP units (<2MWel). Profile: Facility's maintenance technician/s 
- Bigger (gasification) CHP units (>2 MWel). Profile: Dedicated responsible of operation and 

maintenance 

                                                
1 Most of the information contained here is based on (1) and (7) 
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4.1.1 Domestic units 
The profile of domestic users may comprise the following appliances: 

- Stoves/cookers: 
o Log box stoves 
o Tiled log stoves 
o Log cooker/boilers 
o Pellet stoves 

- Boilers – log fired using prepared logs include variants such as: multi-fuel boilers, combina-
tion boilers and wood pre-burners 

- Boilers – fired by wood chips. 
o Pre-burner: a ceramic lined burner connected to a hopper by a feeder tube. Flames 

are injected into a separate boiler unit. 
o Stoke-burner: the same hopper and feed tube arrangement as a pre-furnace burner, 

but with a small containment vessel inside the boiler with air supplied by a separate 
pipe 

o Inclined moving grate: the same hopper and feed tube arrangement as a pre-
furnace burner but built onto an inclined moving grate inside the boiler, with air sup-
plied from below the grate 

- Boilers – pellet-fired 
o Central heating boiler: small boiler with an integral hopper, usually manually filled 
o Retrofit pellet burner for boilers: a unit designed to replace external burner equip-

ment on fossil fuel boilers 

High quality chips are those with a moisture content of 25% (wb) or lower, and with consistent chip 
size (1), preferably according to existing standards or burner/boiler specifications. In fact, quality in 
terms of particle size is particularly important where the wood chips are used for burning in these 
boilers (20-300 kW). Smaller particle sizes than the specification, can reduce the combustion effi-
ciency of the boiler especially when there are large amounts of fine particles (3). In this range, fire 
base capacities are quite small and easily affected by small amounts of poor fuel quality.  

4.1.2 Commercial and industrial scale boiler units 
End users of such units may be industries, tertiary buildings, district heating units, farms and co-
generation installations. 

These are designed for producing hot water, overheated water, steam, heated oil, being the main 
technologies based either on screw / pusher fed with: 

- a solid inclined grate: a simple arrangement where fuel moves along an inclined grate with 
air supplied from below, which pre-conditions the fuel prior to burning 

- a plane grate: an older design where fuel (usually wood chips) is pushed into the firebox by 
a pusher, which consequently allows pre-drying 

- a fluidized bed system: a high efficiency system whereby the fuel is burnt within a matrix of 
hot inert material, usually a mixture of sand and ash, supplied with air from below 
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Independently of the form of energy input for the industry (hot water, steam, oil), the conversion 
technology is to be chosen according to the available fuel. 

The distinguishing feature between commercial and industrial systems is the end-use of the heat 
that they generate. Commercial systems provide air and water heating to a building, or a network 
of buildings. In many cases, a single large boiler can provide heat for an entire community. Accord-
ingly, these systems must be sized in order to accommodate seasonal heating needs. As for the 
industrial sector, biomass system supply large amounts of process heat for year round use in 
manufacturing, agriculture, and other industries. Both types of systems require low cost, locally 
sources biomass in order to be economical. Many industries use the biomass by-products that are 
generated onsite for use in their boilers.(4)  

Self supply 

For the self supply of wood chips, a biomass production chain as such is neither needed nor rele-
vant. Wood chips are produced when a sufficient amount of raw material and the chipper is rented 
by the boiler’s owner for producing all or most of the chips to be used along the heating season. In 
this case, then, rough boilers are preferred because chips are not likely to be of high quality 
(graded). 

Therefore, ideal feeding systems for such a material are pushers or hydraulic, but they are not 
common at the small-medium scale. The common option in such cases is to find relatively big and 
strong screws, some of them equipped with a rotating knife at transfer points. This profile is likely 
to produce P100 (see Table 3 in page 23), with twigs and variable moisture contents, and therefore 
an ideal option are moving grates with reciprocal movement or belt-based, within relatively big fur-
naces refractory lined.  

4.1.3 CHP units  
The principal categories of biomass conversion technologies for power and heat production are 
direct-fired and gasification systems (5). Direct fired technologies may include the latter mentioned 
stoker boilers, fluidized bed boilers and co-firing. The gasification reactors may be classified into 
two basic categories: fixed bed and fluidized bed.  

The industrial subsectors wherein cogeneration has its most potential, because of the usability of 
the generated heat, are (6): 

- Agrifood 
- Rubber 
- Paper 
- Plastic 
- Chemical 
- Industrial services 

Power generation in cogeneration may also be done with rankine cycles using turbines, but with 
organic oil instead of water, and thus the cycle is called organic rankine cycle (ORC). This oil has a 
lower boiling temperature than water, enabling its operation at relatively low temperatures (70-
300ºC). Available generators range from 300 kWel to 1,5 MWel (7). 
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5 Types of systems 2 

5.1 Small and batch-fed systems 
This type of systems is of application only in domestic appliances and in some farms. It is possible 
to find stoves and boilers, all of them running with logs, pellets and, to a lesser term in this scale, 
wood chips. 

Batch-fed systems are those which only accept a limited quantity of biofuel within its limited tank, 
silo or burner, and almost always must be filled manually. 

 
Figure 1: figure representing a batch-fed firewood boiler. Source: www.euroheat.co.uk 

 

5.1.1 Small boilers 
Such kind of boilers normally needs a thermal storage tank. 

� ���������	
�

Log boilers are designed to burn much larger pieces of wood than wood stoves or any other type 
of automatic or semiautomatic boiler. These should be loaded manually to their top, and usually 
accept logs of up to 1 meter in length . Their outputs normally reach 70 kW thermal. 

For their best performance and the optimization of emissions, logs should have a maximum of 20% 
moisture (wet basis) (8).  

��  �����
����
����������	
�

These boilers combine the best features of a batch-fed log burner and an automatic pellet burner, 
features which allow the user great flexibility. Such a boiler requires a store or silo for the pellets.  

                                                
2 Most of the information here is based on (35) and (9) 
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���  ��������������	
�

Wood chip boilers are fuelled by an automatic fed of chipped wood, which can be supplied with 
moisture contents from 15% to 50% (wb). They use a stoker burner or an underfed stoker for burn-
ing fuels up to 30% moisture content, or moving or stepped grate systems for burning fuels with 
higher moisture contents. 

5.1.2 Small stoves 

� �����
����
�

Modern designs result in higher combustion temperatures, producing better fuel economy and 
fewer solid deposits than earlier designs. This is also resulting in cleaner viewing windows and 
chimneys 

5.2 Automatically-fed systems 
These are the ones which may suppose an important demand of modern solid biofuels, since 
these are now prepared for such systems. Automatically fed systems are to be found at all scales, 
form domestic to industrial.  

It is not possible to describe all the different systems, but some of their parts in which the quality of 
biomass may be crucial are to be described in the next chapter. These main parts are the burner 
and the feeding system. 

5.3 Burner types 

5.3.1 Batch fired  
These systems are fed manually or with help or machines, with large billets of wood, logs and 
other cut-offs. They generally require no more user input than filling the combustion chamber or 
hopper each day, although the exact frequency depends on the demand profile. The loaded fuel 
burns in a single “burst” rather than continuously in response to varying demand (as in the above 
examples). Fans are usually fitted to help ensure complete combustion.  

These systems offer very cost effective solutions where biomass material is available at low cost 
and where there is labour available to attend to the system. 

Their typical scale range is form 20 kW to 500 kW. As they tend to have less sophisticated control 
systems, they require seasoned firewood (20-25% moisture content). They suit particularly to light 
industrial and farm uses. 

5.3.2 Stoker-burner 
All stokers are designed to feed fuel onto a grate where it burns with air passing up through it. The 
stoker is located within the furnace section of the boiler and is designed to remove the ash residue 
after combustion. Stoker units use mechanical means to shift and add fuel to the fire that burns on 
and above the grate, and these may consist on screws, pushers, pneumatic, etc. 
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Stoker-burner boilers are the simplest boilers, with a relatively small grate attached directly to the 
end of the feed screw. This kind of burners can burn wood pellets and wood chips of up to 30% 
moisture content (wb) (never more than 35%). The structure of boilers with such a burners are for 
rapid response to heating demand, and therefore there are low quantities of refractory materials 
and the moisture must be that low (9). The fuel particle size and moisture must be consistent: the 
small intense combustion zone is easily disrupted (10). 

In addition, the simplest version of such a burner has only one combustion fan, making it difficult to 
separate primary and secondary combustion air supply (in fact, a hole can supply primary air if 
wood chips are over it; and in other moment wood chips may be under this level, providing this 
hole secondary air). Therefore, the potential of overheating and slagging is high, and some manu-
facturers provide their burners with water-cooling graters for preventing slagging (9). Low ash con-
tent and alkalis are hence required.     

 
Figure 2: scheme of a stoker burner. Source: (9) 

  
Photograph 1: stoker burner. Author: Ignacio López (CTFC) 

 

These burners are common in the range 30-500 kW, and the so-called autonomous or retrofit 
burners, basically those used to substitute an oil burner, are of this type. 
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5.3.3 Underfed stoker burner 3 
In these burners, the fuel is pushed up through an inverted cone to form a pile of fuel on and 
around which combustion takes place. This type of burners can be also classified as plane grate 
burners.  

Wood chips and pellets of up to 30% moisture content (wb) (35% carbon trust and even 40% if 
there is some refractory linen) are able to be burned in these burners. Wood chips must have a 
limited size (<50 mm (11)). Underfed stoker boilers are only fed by screws.  

These boilers use to have separated primary and secondary air fans, making the combustion inde-
pendent in the grate and in the gases’ area. 

 

Figure 3: scheme of an underfed burner. Source:(9) 

  
Photograph 2: View from above of underfed stoker burners (circular plane grate), the right one with slagging 

problems. Author: Ignacio López (CTFC) 

                                                
3 Mainly based on (9) 
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Photograph 3: Front view of a furnace with a side underfed stoker burner. Author: Ignacio López (CTFC), 

Mireia Codina (CTFC) 

Ash is created on all sides of the combustion zone, and its removal from the combustion bed relies 
on simple displacement due to the emergence of new fuel (10). Some grates are equipped with 
vibration devices which facilitate the fall of the ashes to the bottom of the structure. Ash is normally 
extracted by mechanical means. 

These burners tend to be most common in the 25-300 kW range (up to 500 kW on pellets), and 
can use both pellets and wood chips (a change of grate may be required in some models) (10). 

Normally, these burners require reliable biofuels with steady quality. 

5.3.4 Moving grates 4 
These boilers are also known as stepped grate or inclined grate boilers. Boilers using this kind of 
furnace structure are designed to burn wood chips between 30 and 60% moisture content (wb), 
needing therefore important amounts of refractory (for allowing complete drying and combustion of 
wet solid biofuels) and have slow responses. The use of dryer material is not forbidden, but this 
may lead to too high temperatures and therefore a recirculation of flue gases is needed to limit the 
combustion process and temperature above the grate. Feeding may be done with a screw or a 
pusher, and this structure is capable to burn large chip particles.  

Some designs of moving grate are horizontal. In these, the grate is a type of endless conveyor, 
perforated for the air supply from beneath. Fuel is either fed in at one end or is sprinkled over the 
grate from above. Ash falls through and is removed at the other end of the grate (12). 

The combustion chamber is larger than in boilers with stoker and underfed burners. Combustion 
air enters at least with two fans (primary-grate, and secondary) and, in large boilers, with a third 
one for allowing the complete combustion of all the biofuel’s particles and gases. 

The fuel travels slowly, down the grate towards the end of the combustion chamber. The fuel dries 
and then combusts as it moves down the grate. Gases are emitted and char burns out. This se-

                                                
4 Mainly based on (9) 
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quence is one of the strengths of this design, since it allows regulating infeed speed, grate speed 
and naturally air supply. Altogether allows the use of a variety of qualities and moistures (10). 

The movement avoids clinkering (also known as slagging) and blockage (10), allowing the use of 
fuels with lower qualities in terms of ash content and alkalis. 

 

Figure 4: scheme of a moving grate. Source: (9). 

A disadvantage of the moving grate system is that small fuel pieces and ash fall through it more 
easily. The ash removal system is usually therefore more complicated and expensive. Therefore, 
since these systems can accept relatively wet wood, this may not be chipped after a long season-
ing period (but earlier!), because it will produce more dust and fines, and it supposes higher fixed 
costs of storage (12). 

Besides the movement reflected in figure XX, the types of movement may be classified in three 
(although (11) classifies it in 5 classes): 

- Reciprocal movement 
- Tipping/dumping movement 
- Travelling- or chain-grate  

Such systems are common in the higher output range (100 kW (11)  >1MW) 

5.3.5 Fluidised bed systems 
These very efficient systems were originally developed for solid fossil and have been adapted 
since for comminuted woodfuel. Ore pre-requisite is that the fuel is comminuted to a fairly fine par-
ticle size (normally < 2 mm). 

The overall design feature is that fuel is burnt within a matrix of hot inert material (usually a mix of 
sand and ash). This inert material is kept hot and relatively fluid by the introduction of preheated 
combustion air from beneath, allowing complete combustion and homogeneous temperature in the 
fluid. Other chemicals and minerals may be added for optimising its operation and maintenance. 
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The main types are: 

- Bubbling bed 
- Turbulent bed 
- Circulating bed 

Fluidised beds have a strong inertia, because the ratio of the fuel weight vs. inert material weight is 
low. Therefore, fluid beds are stable, independent of the biofuel used. Variations of the feed ratio 
or the moisture content do not mean an immediate alteration of the bed (11), and therefore it will 
be possible to find this system in industrial facilities with concerns on energy quality. 

In addition, the temperature of the bed is maintained very stable in a range of 800 – 900 ºC, pre-
venting slagging processes. The system has low sensitivity to high ash content, due also to that 
high amount of inert material. However, there is some risk of slagging in bubbling beds (11). 

Circulating bed systems allow the highest flexibility of the biofuel, in terms of moisture, ash content 
or net heating value. 

5.3.6 Gasification 5 
Since gasifying reactors’ structure and principles also determine the type quality of raw materials to 
be fed in, a description is provided here. 

Gasification reactors are classified into these major groups: 

�  Fixed grate reactors: particles of 10 -100 mm, ash content under 6% in weight. These 
gasifiers typically utilize biomass with less than 20% moisture content 

o Updraft: can handle high moisture but have feed size limits 

o Downdraft: have also feed size limits but are more moisture-sensitive 

�  Fluidized bed reactors: particles < 20 mm, ash content fewer than 25% in weight. These 
gasifiers typically require less than 30% moisture content.  

o Bubbling fluidized bed reactors (BFB) 

o Circulating fluidized bed reactors (CFB) 

Bubbling fluidised bed and circulating fluidised bed gasifiers have good feeding characteristics. 
Entrained flow fluid beds have particle size limits as a drawback. 

Moisture content of biomass must be strictly limited, because it may prevent the reactor to reach 
the proper temperature to self-sustain the gasification process. 

The overall efficiency of the gasification process is increased with small particle sized biomass. 
However, it has been estimated that it is needed 10% of energy output for the reduction of the 
biomass size. Bigger particle size reduces the energy consumption, but it enlarges the gasification 
process for a determined mass of wood. So, for bigger particle size it is needed a bigger reactor for 
a similar output, in comparison to smaller particle size. 

                                                
5 Based on (5) and (11) 
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For updraft reactors, particle sizes admitted range from few mm to 15 cm. Downdraft reactors work 
well with particle sizes of 3-10 cm. Fluidized bed reactors need smaller particles, normally less 
than 4 cm, but less than 1 mm for some specific reactors. According to findings from (13) in 2008, 
irregularity of the particle size distribution of wood chips, within a range, did not affect the tempera-
ture of the bed 

Table 1: Features of some of the available gasification reactors in Spain (available in 2010). Source (14) and (15) 

Manufacturer Features Power 

Logic Energy Downdraft 

M w-% <15% 

5-8 cm 

Units capable of gasifying for yielding 
10-500 kWel 

Guascor M w-%: 5-15% 

2-12 mm 

Ash<3% w-%dry 

1.000 – 1.998 kWel 

Taim Weser M w-%: 10-15% 

0,2-10 cm 

15-35 kg/h of ash 

650-750 kWel 

ENAMORA - Energia Natural de 
Móra, S.L. 

Fluidized bed Modules capable of gasifying for yield-
ing 38,5 – 770 kWel 

Gasbi S.L.  Units capable of gasifying for yielding 
77 kWel 

CIDAUT  Modules of 100 kWel 

M w-%: moisture content wet basis. DwnD: downdraft. The dimensional data correspond to expected particle size 

Table 1 shows the characteristics of the main gasification manufacturers or traders available for 
the Spanish market. Other manufacturers (in Europe) are Spanner RE2 (units of 30-45 kWel), 
Volter (units of 30-40 kWel), LowC (units of 30-780 kWel), Xylowatt (mainly 300 kWel), Biomass 
Engineering Ltd (250-500 kWel), Reegas (25 kWel – 13 MWel), etc. 

5.4 Feeding systems 6 
There are diverse feeding systems for moving comminuted solid biofuels from their silo to the 
burner or furnace. However, the most common are the auger (also know as screw) and the pusher 
feed. Following there is a description of the feeding systems. 

5.4.1 Screw feed 
Fuel is fed by a screw mechanism, being the most common and reliable method. Many woodfuel 
combustion systems require woodfuel of specified dimensions. Often wood logs have to be proc-
essed (comminuted) to produce chips or chunks of the right size. The piece or particle size of any 
high quality woodfuel should remain consistent, with the minimum amount of variation. This is of 

                                                
6 Based on (1) and (12) 
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particular importance when using wood chips in a burner with an automated delivery system where 
a screw type auger is being used to manage the fuel (16). 

 
Photograph 4: auger (screw) feed. Author: Mireia Codina (CTFC) 

Screws range in size up to a maximum of 300 mm diameter when used to supply boilers from 30 
kW (10) up to about 2 MW. Larger installations require multiple screws or a hydraulic feed system. 
Screw feeds only accept fuels of a consistent quality and not exceeding certain dimensions. Only 
the larger screws would be able to accept wood chips with dimensions of up to 100 mm (P100). Do 
not work well with large and thick shards of timber which can cause screws to jam, but can incor-
porate a sliver breaker (9). 

Blockages at transfer points between screws can arise if the manufacturer’s fuel specifications are 
not met. However, the shorter the auger, the less likely is to be blocked (10). 

5.4.2 Pusher feed 
A hydraulic ram pushes a charge of fuel into the burner. Hydraulic feed mechanisms tend to be 
used on the larger and more expensive boilers where they provide more reliable fuel feed (9). 
These feeders can handle very large pieces of wood, breaking all but the more oversized pieces. 
Generally contain splitting knives to break up very large pieces of wood. They are very difficult to 
jam. However, these systems are expensive and usually need to be on the same plane and in line 
with the boiler fuel inlet.  

 
Photograph 5: pusher feed system for a 3 MW boiler in a CHP plant. Author: Ignacio López (CTFC) 
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5.4.3 Other 
Pneumatic feed : fuel is carried into the burner by airflow. It is used main for small appliances with 
pellet and in fluidized bed systems. 

Rotary feed/Gravity feed : fuel falls by gravity onto a quarter section of a rotary drum. As the drum 
rotates each section empties, supplying the fire grate from above 

Spreader stroke : fuel falls by gravity onto a spinner, which throws it over the surface of the fire 
grate. 

Conveyor : mainly floor or stepped grate with a fire-resistant driven belt 

By hand : done in log and pellet systems  

5.4.4 Pre-feeding systems 
There is a number of pre-feeding methods, and these must be considered since in the combination 
of two different feeding systems (typically pusher and screw feeds) one of them may constitute a 
bottleneck in the whole feeding system regarding their interaction with the physical properties of 
the biofuel. 

·  Agitator arms with screw : this is the most cost-effective means of fuel transfer at the 
medium scale (10) and the most likely to be found in installations in the Mediterranean 
area. This system prevents the phaenomenon of bridging over openings, which might take 
place in silos with inclined walls for feeding the auger by simple gravity. 

 
Photograph 6: agitator arms with auger. Author: Armanda Marques 

·  Walking floor : walking floors shuffle the fuel along the length of the fuel store towards a 
screw which feeds the plan. The fuel is moved forward via hydraulic rams which sit upon a 
concrete ground. This system is suited well to large bulk stores, provided the walls and the 
general installation is strong enough to withstand the forces and pressures of the bulk fuel 
(10). It is commonly used for medium to big appliances, >800 kW. 
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Photograph 7: walking floor. Author: Ignacio López (CTFC) 

 

6 Main quality properties of wood fuels 
In brief, the main properties of woody biomass as a fuel are: 

�  Calorific value 
�  Moisture content 
�  Particle size distribution 
�  Ash content, composition and behaviour 
�  Bulk density 

6.1 Calorific value 
The calorific value is defined by ISO (17) as the energy amount per unit mass or volume released 
on complete combustion. The gross calorific value is the “measured value of specific energy of 
combustion of a solid fuel burned in oxygen in a calorimetric bomb under the conditions specified” 
(he result of combustion are assumed to consist of gaseous, oxygen, nitrogen, carbon dioxide and 
sulphur dioxide, of liquid water (in equilibrium with its vapour) saturated with carbon dioxide under 
conditions of the bomb reaction, and of solid ash, all at the reference temperature and at constant 
volume). The net calorific value is the “calculated value of the specific energy of combustion for 
unit mass of a fuel burned in oxygen […] under such conditions that all the water of the reaction 
products remain as water vapour […]” (EN 14588). The net calorific value “as received” is the most 
common term in the bioenergy sector. 

The common scientific units used are MJ/kg, but most of the times those values are referred in 
kWh/t or kcal/kg. 
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Differences on calorific value among species are to be found based on their composition, propor-
tions between lignin and cellulose (lignin has higher calorific value) and extractives (resins, for in-
stance). 

6.2 Moisture content 
Moisture in a wood fuel reduces its calorific value (Figure 5) and affects the loading capacity of 
transportation means. The bioenergy sector refers to moisture content in wet basis, which is the 
weight of water in a certain sample divided by the weight of the moist sample, expressed in %. 

 
Figure 5: net calorific value (kWh/t) vs moisture content (w-%) for Pinus halepensis. Source: CTFC 

 

The moisture content of the fuel must be within the range the boiler can accept. In particular, fuel 
with a moisture content that is greater than the boiler can accept will invariably produce black 
smoke (9). 

 
Photograph 8: clean flue gases. Only water condensation visible. Author: Ignacio López (CTFC) 
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Water may be found in wood in three different forms (Figure 6):  

�  liquid water within the cell 
�  saturated vapour within the cell and other spaces 
�  bound water attached to the cell wall 

 

 
Figure 6: the three forms of water in a wood cell as it looses moisture. Source: CTFC 

Green, freshly felled wood has all of its water under the three forms. After felling, water is slowly 
released, starting with the liquid phase. When all the liquid is released, the moisture content is 
characteristic and it is named fibre saturation point (FSP). Under this moisture content level, mois-
ture is only released by vapour exchange, and it has en equilibrium stage which is related to the 
external conditions, named equilibrium moisture content (EMC); by releasing moisture under the 
FSP, wood shrinks; and if regains moisture, swells. 

However, when wood chips are stored in heaps, air reallocates water taken from certain areas of 
the heap to other areas, and therefore some parts are extremely wet, and mostly with water on the 
surface of the chips (see 7.8.2). 

6.3 Ash content and melting behaviour 
The mineral content of the fuel is a very important factor in the overall chip quality for several rea-
sons. Minerals bound in wood contribute to the formation of ash once the rest of the wood is com-
busted. Certain forms of minerals in the fuel can cause complications in some biomass heating 
systems during combustion. Ideally, the ash content of chips for heating should be below 3%. Total 
ash content greater than 8% becomes problematic for most wood chip heating systems (2). 

Fibre saturation point Moist Dry 

Bound water 

Free water 

Saturated vapor 



 

�
��������	�
��������
�����	����������������	�������� ��������������	�������	������ � � � � �

� � � � � � � � �
� �

 
 

21 

Fuels with low ash content are better suited for thermal utilization than fuels with high ash content, 
as lower amounts of ash simplify de-ashing, ash transport and storage as well as utilization and 
ash disposal. Higher ash contents in the fuel usually lead to higher dust emissions and have an 
influence on the heat exchanger design, the heat exchanger cleaning system and the dust precipi-
tation technology (7). 

It is possible to differentiate two sources of the mineral content of wood biomass: intrinsic and ex-
trinsic. Intrinsic may be also subdivided in three classes: inorganic elements of the organic matter, 
minerals included in the structure, and the solutes present in water. Extrinsic minerals are those 
incorporated when harvesting, processing and handling biomass (11). 

The ashes of wood and wood with bark have high temperatures of sintering, softening and melting, 
so they won’t give slagging problems in boilers. The addition of biomass containing silica, by hav-
ing lower sintering, melting and softening points usually create ash melting problems in boilers 
which easily reach 900-1000 ° C in the burner (all of the conventional market). However, the pres-
ence of impurities with low melting point such as sand originates crusting and slagging forcing to 
stop the boiler to remove them, also shortening its life. 

Table 2: Behaviour of beech wood and bark. Source: L.Solé SA and ENG Enginyeria (18) 
Temperature type Effect Beech wood Beech bark 

Sintering temper a-
ture 

Ash starts becoming sticky 1.140 ºC 1.250 – 1.390 ºC 

Softening te m-
perature 

Volatile ashes stuck together and can foul on 
heat exchangers 

1.200 ºC 1.320 – 1.680 ºC 

Melting temper a-
ture 

Fluids of variable viscosity are formed, and such 
fluids may obstruct air in-feeds, if any 

1.340 ºC >1.700 ºC 

6.3.1 Slagging 7 
Slagging is the process of ash melting due to excessive temperature in the bed and the composi-
tion of the ashes. Slag formation occurs when naturally occurring silica, or unwanted silica in the 
fuel, converts to glass. While pure silica melts at about 1700ºC, chlorides present in the fuel can 
reduce this to as low as 773ºC. For preventing that, some boilers are equipped with water cooled 
grates (9). 

Foliage of certain species may contain high levels of silica, hence contributing to the fusion of ash 
at standard combustion temperatures.  

Different classes of temperatures may be defined according to the state of a sample of ash (shrink-
ing, sintering, hemispheric, etc.). This is evidently an undesired process that may be derived from 
different circumstances, both from the grate/furnace structure and the biofuel composition or impu-
rities. 

The two main processes are melting and sintering8, and according to the final state one can find 
the result in the ash bin or grate, it may be defined 4 classes: 

                                                
7 Mostly based on (11) 
8 When sintering, particles are stuck together although the material has not been melted 
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- 1: ash has not sintered nor melted. Easy to grind 
- 2: ash partially sintered, made of breakable particles with melted ashes and easy to grind 

 
Photograph 9: a 20 mm agglomeration, type 2-3. Author: Ignacio López (CTFC) 

- 3: sintered ash, forming blocks that can be hand broken 
- 4: sintered ash, where the blocks have melted and are hard and big 

6.3.2 Fouling  
Fouling is the accumulation of both particles and sintered particles. This accumulation uses to take 
place in the convective area, the heat exchanging area, and requires periodical cleaning. If not 
removed conveniently, this accumulation may become thicker and, by being exposed to progres-
sive higher temperatures, may melt. It also reduces heat transfer efficiency (11). 

6.4 Particle size 
As it has been explained previously, particle size distribution of the fuel plays a key role on the 
smooth operation of the feeding systems and the burners. 

Jamming of feeding systems may be originated both by oversized and excess of fine particles. 
These may also affect the combustion efficiency of burners prepared to burn more homogeneous 
and bigger particles. 

Following standards may constitute a way for facilitating the production and trade of solid biofuels 
from forests, by characterizing them and by looking for the proper unit which can handle with each 
one. This also simplifies the communication between suppliers and customers and assures that 
wood fuel and burner technologies complement each other (16). In the case of the ISO draft Stan-
dard of fuel classes, with respect to particle size distribution the ones with S are those for small 
appliances (see Table 3). 
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Table 3: particle size classes according to ISO/DIS 17225-1 (19) 

Main fraction (minimum 60 w-%), 
mm 

Coarse fraction, w-% 
(max. length of par-

ticle, mm) 

Oversized par-
ticles (mm) All (mm) 

Cross section 
area of the over-
sized particles, 

cm 2 

P16S 3,15 �  P �  16 mm �  6% > 31,5 mm �  45 

P16 3,15 �  P �  16 mm �  6% > 31,5 mm �  1% > 45 �  150 �  1 

P31S 3,15 �  P �  31,5 mm �  6% > 45 mm �  150 �  2 

P31 3,15 �  P �  31,5 mm �  6% > 45 mm �  3% > 45 �  200 �  5 

P45S 3,15 �  P �  45 mm �  10% > 63 mm �  200 �  5 

P45 3,15 �  P �  45 mm �  10% > 63 mm �  350 �  10 

P63 3,15 �  P �  63 mm �  10% > 100 mm �  350 �  18 

P100 3,15 �  P �  100 mm �  10% > 150 mm �  350 

P300 3,15 �  P �  300 mm to be specified to be specified 

 

6.5 Bulk density 
Bulk density is defined as the mass of a portion (i.e. a large quantity of particulate material) of a 
solid fuel divided by the volume of the container which is filled by that portion under specific condi-
tions (ISO 16559 draft version)(17). 

As it will be seen below, bulk density is to be affected by moisture content, wood density and 
solid:bulk volume ratio. This last is mostly influenced by particle size distribution / chipping proc-
ess, the raw material, especially if it includes branches, and settling / transporting. 

7 Factors affecting woodfuel quality 
The main factors that affect the quality properties of wood fuels are (adapted from (16)): 

- the part of the tree to be used as woodfuel 

- water content 

- wood density 

- solid volume / bulk volume ratio 

- chipping process 

- sieving process 

- extraction and handling (addition of contaminants) 

- storage 



 

�
��������	�
��������
�����	����������������	�������� ��������������	�������	������ � � � � �

� � � � � � � � ��� �

 
 

24 

7.1 Raw material 
There are strong differences among species because of the wood density. Net calorific value as 
expressed in [energy units] / [mass units], is not affected that much. The influence of wood density 
is remarkable when calculating energy density in terms of [energy units] / [volume units], such as 
GJ/m3

bv as it is shown in Table 4. 

Table 4: example illustrating the influence of wood density on energy content 
 Fagus sylvatica Pinus halepensis 

Container 30 m3
bv 30 m3

bv 

Chip size G50 – 0,35 solid m3 / m3
bv G50 – 0,35 solid m3 / m3

bv 

Wood density at M 30% w-% (t/solid 
m3) 

0,835 0,686 

Net calorific value at M 30% w-% 
(kWh/t) 

3.262 3.354 

Energy in container (MWh) 28,6 24,2 

Energy in container (graphical) 

 

 

The raw material, prior to comminution, is to be found under three main forms (20): 

- Full tree including leaves / needles 
- Full tree excluding leaves / needles 
- Delimbed stems or logs 

Table 5 shows some of the features of these forms. 
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Table 5: forest raw materials. Authors of photographs: Isart Gaspà (CTFC), Ignacio López (CTFC) 
Full tree with leaves / needles Full tree without leaves / needles Delimbed logs 

   

Short time after felling 

Felling possibly in growing season 

Presence of leaves / needles 

Probably high moisture content (>35% 
wb) 

Longer time after felling 

Felling possibly in winter 

Absence of leaves / needles 

Not too high moisture content (<40% 
wb) 

Absence of leaves / needles 

Higher ratio wood/bark 

 

 

According to some specifications from North America (2), no high quality may be produced with 
such materials, whilst the best raw materials are by-products of saw-mills because it never in-
cludes branches, twigs, needles or leaves and occasionally neither bark. 

Therefore, raw material has influence on the following biofuel’s features: 

- Moisture content 
- Ash content 
- Ash melting behaviour 
- Bulk and energy density 
- Particle size distribution 

Table 6 shows the possible effects of different raw materials on the fuel’s characteristics, this time 
including logging residues although these are rarely used at the present moment in the Mediterra-
nean countries. 
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Table 6: Effect of the origin/source on the quality of wood chips. Source: authors 
 Roundwood  Small roundwood  Full -tree Logging residues  
Particle size 
distribution 

Homogeneous except for 
big diameters 

Homogeneity depending 
on operation 

Homogeneity depending on 
operation 

Heterogeneous 

Moisture co n-
tent 

Long seasoning needed Moderate seasoning 
needed 

Moderate seasoning needed Short seasoning 
needed 

Impurities  Soil adhered on bark by 
skidding. Impurities from 
chip handling 

Soil adhered on bark by 
skidding. Impurities from 
chip handling 

Soil adhered on bark, needles, 
leaves and twigs by skidding. 
Impurities from chip handling 

Impurities from the 
chipping process and  
chip handling 

Calorific value  Wood Wood A little bit higher than wood A little bit higher than 
wood 

Composition  Mainly wood Mainly wood Mainly wood.  
25 % branches and leaves 
(DC<20) beech 
40% branches and foliage 
(DC<20) conifer 

Moderate amount of 
wood. Foliage 

Ash  Low content Low content Low content Moderate content 
Ash melting 
behaviour 

May cause light slagging 
if wood was skidded 

May cause light slagging 

if wood was skidded 
May cause light slagging if wood 

was skidded 

May cause slagging 

 

7.2 Water content 
Generally there is more water in softwoods than hardwoods, and within tree species a greater 
amount is present in the sapwood than in the heartwood. The amount of moisture in wood varies 
for different tree species, regions of the country and in different parts of individual trees (16). 

There are also higher moisture contents in the wet growing seasons (>40% wb for hardwoods and 
>45% wb for softwoods), which in the Mediterranean area are spring and autumn. In any time of 
the year, freshly harvested biomass has its moisture content over the fibre saturation point (FPS, 
see 6.2). This point depends on each species, but an international value of 30% (dry basis, corre-
sponding to 23% wet basis) is commonly accepted. Under this point, shrinkage processes of wood 
take place, meaning also an increase of the wood hardness. 

7.3 Wood density 
Wood density is an expression of the amount wood mass per unit volume. Density can be ex-
pressed in different ways, depending on whether or not MC is accounted for. Two relevant expres-
sions are green density and basic density (16). 

Green density : is defined as the weight of a piece of freshly felled wood divided by its volume and 
is usually expressed in units of g cm -3 , kg m -3  or t m -3 (tonnes per cubic metre) (16). 

Basic density : is defined in a similar manner to green density, except that the weight of wood 
does not include any moisture (16). This means, it is the ratio of the mass on dry basis and the 
solid volume on green basis (ISO) (17) 

Wood density depends on the species and moisture. Bulk density depends, in addition, on the set-
tling degree of the comminuted material, which is usually expressed by the solid volume:bulk vol-
ume ratio. 
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An experiment conducted by CTFC has produced the following table for screened9 wood chips of 
Pinus nigra: 

Gross weight 50-liter 
metallic bucket and sam-

ple (bucket 7,9 kg) kg 

Net weight 50-liter 
sample, kg 

Bulk density 
t/m 3

bv 
Moisture (M) w-%, 

range 

19,2 11,3 0,226 [20,9-22,9] 
19,3 11,4 0,228 [21,9-23,9] 
19,4 11,5 0,230 [22,9-24,9] 
19,5 11,6 0,232 [23,8-25,8] 
19,6 11,7 0,234 [24,8-26,8] 
19,7 11,8 0,236 [25,8-27,8] 
19,8 11,9 0,238 [26,7-28,7] 
19,9 12 0,240 [27,7-29,7] 
20,0 12,1 0,242 [28,6-30,6] 
20,1 12,2 0,244 [29,5-31,5] 
20,2 12,3 0,246 [30-32,7] 
20,3 12,4 0,248 [30,4-33,1] 
20,4 12,5 0,250 [30,8-33,6] 
20,5 12,6 0,252 [31,3-34] 
20,6 12,7 0,254 [31,7-34,5] 
20,7 12,8 0,256 [32,2-34,9] 
20,8 12,9 0,258 [32,6-35,3] 
20,9 13 0,260 [33-35,7] 
21,0 13,1 0,262 [33,4-36,2] 
21,1 13,2 0,264 [33,9-36,6] 
21,2 13,3 0,266 [34,3-37] 
21,3 13,4 0,268 [34,7-37,4] 
21,4 13,5 0,270 [35,1-37,8] 
21,5 13,6 0,272 [35,5-38,2] 
21,6 13,7 0,274 [35,9-38,6] 
21,7 13,8 0,276 [36,3-39] 
21,8 13,9 0,278 [36,7-39,4] 
21,9 14 0,280 [37,1-39,8] 
22,0 14,1 0,282 [37,5-40,2] 
22,1 14,2 0,284 [37,9-40,6] 
22,2 14,3 0,286 [38,3-41] 
22,3 14,4 0,288 [38,6-41,4] 
22,4 14,5 0,290 [39-41,8] 
22,5 14,6 0,292 [39,4-42,1] 
22,6 14,7 0,294 [39,8-42,5] 
22,7 14,8 0,296 [40,1-42,9] 
22,8 14,9 0,298 [40,5-43,2] 
22,9 15 0,300 [40,9-43,6] 
23,0 15,1 0,302 [41,2-44] 
23,1 15,2 0,304 [41,6-44,3] 
23,2 15,3 0,306 [41,9-44,7] 
23,3 15,4 0,308 [42,3-45] 
23,4 15,5 0,310 [42,6-45,4] 
23,5 15,6 0,312 [43-45,7] 

 

                                                
9 Rotary screen with holes of 10 mm and 35 mm 
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7.4 Wood chip solid volume:bulk volume ratio 10 
This ratio expresses the volume of solid biomass per unit of bulk volume wherein this biomass is 
placed. This ratio is mainly affected by the comminution process, but also by the moisture content 
(in terms of breakability) and the settling due to seasoning or transport. 

Following are given some results collected from literature review and produced by (21). An ex-
periment recently conducted by CTFC, it has been deducted a generic value of 0.375 for screened 
(10 mm and 35 mm) G50 chips from stemwood with bark. 

Table 7: compilation of volume ratios by (21) 

Chip specification solid:bulk volume ratio 

Generic 0.35 – 0.45 

G30 0.40 

G50 0.33 

Hog fuel 0.30 

Pulp chip 0.25 

Chunkwood chip 0.35 

 

Table 8: experimental results of the calculation of solid:bulk volume ratio by (21) from 2011 

Chipper type Material MC% (wb) Roundwood 
density /t/m3) 

Pile solid volume content 

Loose Settled 

Cone Oak 38 0.96 0.37 0.39 

Cone Oak 43 1.05 0.38 0.40 

Disc Oak 38 0.96 0.40 0.43 

Disc Oak 43 1.06 0.44 0.51 

Disc Oak 41 0.87 0.37 0.39 

Disc Oak 42 1.01 0.38 0.39 

Drum Oak 25 0.91 0.40  

Drum Chestnut 32 0.86 0.30  

Drum Lime 48 0.83 0.33  

Drum Chestnut 32 0.86 0.31  

 

  

                                                
10 Mainly based on (21) 
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Table 9: Factors influencing solid timber:woodchip ratio. Source: (21) 
Factor Impact on ratio 

Particle shape Ratio decreases with increasing diagonal-to-thickness ratio 

Particle size distribution Ratio decreases with increasing batch homogeneity 

Tree species Low density and/or brittle species produce more fines, increasing heterogeneity, in-
creasing ratio 

Branch content Fresh branches and twigs can avoid full chipping, producing more slivers and de-
creasing ratio 

Storage Good storage can decrease MC%, leading to material becoming more breakable and 
less dense, increasing ratio 

Season In extreme cold, biomass can freeze and become brittle, increasing ratio 

Loading method Ratio will vary with compression effects from loading e.g. blowing from a chipper 
spout will increase ratio compared to chips from a loader or falling from a conveyor 

Settling Increase in ratio during transit will be dependent on a number of factors: initial ratio, 
particle size distribution, duration of transit, vibration during transit. The greatest set-
tling occurs within the first 10-20 km. 

 

7.5 Chipping process 
The production of consistent high quality wood chips is directly related to the type of raw material 
used and maintenance of the cutting edges of the knives or screw of the chipper. The size of wood 
chip produced by chippers can be determined by (16): 

- In-feed roller speed (disc and drum chippers). 
- Number of knives (disc and drum chippers). 
- Knife settings (disc and drum chippers). 
- Pitch of screw (screw cone chippers). 
- Rotational speed of disc, drum or screw 

Chipping logging residues for energy use should be done with a small chipper’s screen, because 
twigs and branches tend to cross middle screens and, in some cases, these oversized particles 
could jam auger junctions. 

Some thumb rules formerly used in reference to the Austrian Standards were related to the use of 
integrated screens. Thus a 60x60 mm would be advised for the production of G50-like chips, whilst 
for the production of G30-like this rule was not that clear, with references to 50x50, 30x40, 35x35 
and even 30x30 mm (in both cases for drum chippers (3)). Respective to the current proposal for 
ISO particle size classes (ISO/DIS 17225-1 (19)), P16 and P16S could be produced in the same 
way as G30  

Disk chippers produce slightly more homogeneous chips than drum chippers, in terms of length 
and thickness of the particles. Drum chippers may be more appropriate for more irregular material; 
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however, almost all the chippers working nowadays in Catalonia for the production of
wood-chips are drum chippers. Perhaps, one of the main advantages of drum chippers which e
plain their abundance is the possibility of the attachment of a screen for controlling chip size. A 
second reason, perhaps more important for the entrepreneu
put. 

Conescrew chippers are not common in the Med
are that these machines may produce highly consistent large chip sizes, which for some gasifying 
reactors could fit perfectly, and that chip size is determined by the type of conescrew chosen.

Shredders can produce hog fuel, which may fit only in industrial appliances with 
in those industries or CHP installations performing a secondary comminution for the
the particle size for suiting to fluidized beds.

Recent developments have introduced mobile (drum) chippers in the market which instead of blo
ing wood chips, screw them onto a conveyor. This system is supposed to reduce significantly the 
amount of fine particles. 

Photographs 10: drum chippers with conveyor

7.5.1 Chipper parameters
With respect to the infeed speed, the rule is very easy: the greater the speed, the
cles. If taken again the recommendations for changing from G50 to G30, the change of the screen 
size should also be accompanied
with respect to the larger size (Jenz

The rotational speed of the drum, disk or cone also affects the final characteristics of the wood 
chips, and the same rule as for the infeed applies. A minimum velocity is needed for disk chippers 
in order to be able to blow chips. However, this is a p
reasons, as is normally set between 560 and 640 rpm 

In general, the fewer the number of blades, the larger the chips produced.

7.6 Sieving / screening  
Wood chips sieving should only be done if required, for removing thick and long particles and a 
possible excess of fine particles. In addition, if contamination with soil is to be expected due to the 
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Chipper parameters  
With respect to the infeed speed, the rule is very easy: the greater the speed, the
cles. If taken again the recommendations for changing from G50 to G30, the change of the screen 

accompanied with a change of the infeed speed, by its reduction to about 80% 
Jenz settings). 

The rotational speed of the drum, disk or cone also affects the final characteristics of the wood 
chips, and the same rule as for the infeed applies. A minimum velocity is needed for disk chippers 
in order to be able to blow chips. However, this is a parameter which is rarely modified for quality 
reasons, as is normally set between 560 and 640 rpm (20). 

In general, the fewer the number of blades, the larger the chips produced. 
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however, almost all the chippers working nowadays in Catalonia for the production of energy 
chips are drum chippers. Perhaps, one of the main advantages of drum chippers which ex-

is the possibility of the attachment of a screen for controlling chip size. A 
rs, could be based on their high out-

most important features 
are that these machines may produce highly consistent large chip sizes, which for some gasifying 

ectly, and that chip size is determined by the type of conescrew chosen. 

Shredders can produce hog fuel, which may fit only in industrial appliances with pushing feeders or 
in those industries or CHP installations performing a secondary comminution for the reduction of 

Recent developments have introduced mobile (drum) chippers in the market which instead of blow-
ing wood chips, screw them onto a conveyor. This system is supposed to reduce significantly the 

 
, Ignacio López (CTFC) 

With respect to the infeed speed, the rule is very easy: the greater the speed, the greater the parti-
cles. If taken again the recommendations for changing from G50 to G30, the change of the screen 

with a change of the infeed speed, by its reduction to about 80% 

The rotational speed of the drum, disk or cone also affects the final characteristics of the wood 
chips, and the same rule as for the infeed applies. A minimum velocity is needed for disk chippers 

arameter which is rarely modified for quality 

ly be done if required, for removing thick and long particles and a 
possible excess of fine particles. In addition, if contamination with soil is to be expected due to the 
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extraction system (skidding), screening of fine particles may help preventing slagging processes. A 
test conducted by CTFC in 2012 showed that the fine fraction (< 1mm) of wood chip samples 
yielded 4,4% ash content (dry basis) (whilst the whole sample, including particles > 1 mm yielded 
0,72% ash content), a slightly higher value than the expected for being only bark11, which could 
indicate the presence of impurities from soil during, for instance, the extraction phase (full stems in 
that specific), handling, or other. 

 
 

Photograph 11: Rotary screen (trommel). Author: 
Ignacio López (CTFC) 

Photograph 12: Oscillating flat screen (Source: Xa-
vier Rodríguez Busquets) 

 

Photograph 13: Cylinder/disc/star screen. Author: Ignacio López (CTFC) 

 

7.6.1 Removing thick-long particles 
This is of special importance in screw fed boilers, for preventing jams. However, pusher feeds may 
also jam with oversized particles. 

All classes of sieving machines should be appropriate for removing such particles, although com-
mon sense indicates that flat-vibrating/oscillating and cylinder/disc/star screens are more appropri-
ate. 

7.6.2 Removing fine particles 
Fine moist particles may jam augers in certain rare circumstances. The main reason for removing 
excess of fines comes when the fuel is to be burnt in small burners, because the combustion proc-
esses will be different from those designed for, such as inadequate combustion conditions when 
air and fuel flows are designed for bigger particles which have a longer residence time in the grate 

                                                
11 However, ash content was assessed following a different procedure than the standardized (900ºC during 
30 minutes, whilst the reference temperature for the standardized method is 750ºC) 
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than fine particles. Very small particles (such as sawdust) in excessive proportions may cause 
problems such as compaction in screws and smothering of the fire bed (10). There could even be 
the case of explosion risk, because small particles gasify at a higher rate than big particles, in-
creasing the combustible gases in the combustion chamber to such levels (22). 

All screening systems should operate well for removing fine particles, being more common for that 
purpose rotating and oscillating screens. 

7.7 Extraction system and handling at forest 
Forest biomass with energy destination may have been extracted from forests in the Mediterra-
nean regions mainly by two extraction systems: skidding and forwarding. Cable yarding of forest 
biomass is to be done in mountainous areas where mainly wood for material uses is to be ex-
tracted. 

7.7.1 Skidding 
Skidding is the transporting trees or parts of trees by trailing or dragging (COST FP0902). This 
operation is done mainly by means of an adapted farm tractor, a skidder or, to a lesser term, by 
animals.  

 
Photograph 14: skidding of energy wood may incorporate some impurities. Author: Ignacio López (CTFC) 

 

In this operation, trees or parts of trees are partially or completely in contact with the forest ground 
or the strip road. This is causing certain amounts of soil to be stuck on the leaves or needles, 
twigs, branches or trunk. 
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Foreign elements stuck on the log’s bark may lead to quicker wear of the chipper’s blades. In addi-
tion, this may lead to a heavy increase of the ash content and perhaps a reduction of the ash melt-
ing temperatures (depending on type of contamination). 

This working system ends with the raw material forming piles with low height, requiring a latter 
haulage operation which can lead to an additional incorporation of soil. Skidding running over resi-
dues increases the risk of contamination (23) with soil, sand and stones. 

7.7.2 Forwarding 
Forwarding is the transporting trees or parts of trees by carrying them (COST FP0902). This op-
eration is done mainly by means of forwarders, farm tractors with trailers, or skidders working with 
the short-wood harvesting system. 

  
Photograph 15: even during forwarding or haulage of full trees, foliage of some trees sweeps strip or rural roads. 

Author: Ignacio López (CTFC) 

When performing this operation, raw materials are not in contact with the ground during transport, 
with the exception when extracting full trees, whose tops sweep the roads. However, contamina-
tion may be added during loading operations and when the material is left on the natural ground.  

7.8 Storage 12 
One of the primary aims of storing woodfuel is to reduce the MC. Seasoning (drying time) is de-
pendent on the wood density, wood dimensions, presence of bark, method of storage and stacking 
and the required MC. The rate of drying is strongly influenced by air movement, temperature and 
humidity (16). 

Woody biomass can be stored in the form of chips, chunks, billets or uncomminuted. Various stor-
age forms and seasonal changes have effect on wood fuel quality. 

                                                
12 Mainly based on (34) 
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The length of time biomass should remain in storage is a critical factor to be considered, since 
storage influences not only changes in physical and chemical properties of biomass but also oper-
ating costs to be met by the biomass power plant. 

Moisture content of fresh woody material, just harvested or not too much after harvesting, shows 
differences among species and also among seasons. In general there is more water in wood in 
spring and summertime and in any season when the trees are growing (40 – 60% wb), and less in 
winter and in dry summers, but for some Nordic species there is more water during winter. 

Some studies have found that the material seasoned for a long time can keep low moisture con-
tents. So, although from the logistic point of view seasoning is a bottleneck process, it has clear 
advantages from the point of view of quality.  

7.8.1 Uncomminuted fuelwood 
This process is commonly called seasoning and is well known in Nordic countries where logging 
residues are systematically seasoned for, at least, one year prior to chipping. This process is un-
necessary, when the comminuted material is to be burned, for instance, in large furnaces with 
moving grates, where fresh material is accepted. 

When conditions are favourable, any uncomminuted fuelwood (e.g., whole trees, whole stems, split 
firewood or logging residue) that is stored fresh on a roadside landing or a terminal is likely to 
loose moisture over time. 

7.8.2 Comminuted fuelwood / chips 
Long storage of wood chips should be avoided, because the changes in quality, especially dry 
matter loss, might eventually condition its trading features. However, it has been found in some 
studies that storage of wood chips may lead to a dry (about 30% MC wb) core of the wood chip 
pile, when starting with relatively moist material. 

 
Figure 7 IDW profile of the moisture of a wood chip pile stored under a textile at the end of the experiment. The 
values shown are the moisture content (wet basis) in the beginning (May 2009 - top), in the middle (august 2009 – 

middle) and in the end of the experiment (January 2010 – bottom). Source: (24) 
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The loss of volatile substances, respiration of living cells and the metabolic rate of microbes lead 
into dry matter loss and, therefore, a change in fuel quality. This variation in quality implies a re-
duction of the energy content of the material, with less carbon content, more lignin content (assum-
ing that the main fungi cause brown rot) and more ash content.  
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The loss of dry material in wood chip piles is greater as: 

�  the storing time increases 

�  the initial moisture content of the wood is higher (fresh biomass). Storing drier chips may 
suppose a dry matter loss of only 2% in 7-9 months in comparison to fresh, which could 
reach 20-23% dry matter loss. 

�  the green content13 is higher 

�  the fines content is higher14 

Weight loss during storage increase in the order:  

�  clean, debarked chips  

�  whole-tree chips 

�  bark 

�  foliage15  

Effective means to protect woodchip piles again rainfall are fleeces, whose relation effective-
ness/cost are very positive in the short term during the lifetime of those (3-5 years), or partially 
open warehouses, with higher initial costs and efficient cover. 

 
Photographs 16: covering in warehouse and under fleece. Author: Ignacio López (CTFC) 

It is important to consider the nature of the ground where the pile is to be formed. If the ground is 
natural, special care must be observed in order to avoid the incorporation of impurities, namely 
sand (soil) and stones. In order to avoid these impurities, it is advised to leave a small layer 10-20 
cm of comminuted material on the ground and load and use the chips over this height. In addition, 
wood chips in contact to natural soil trend to be moist. 

                                                
13 Green content: ratio of the amount of needles and leaves in the fuel and the total weight as received 
(COST FP0902 glossary – 2011 not published) 
14 In that sense, storing hog fuel or coarse chips is more effective in terms of dry matter loss and natural 
drying, because circulation of air is greatly facilitated 
15 Foliage losses can roughly be ten times as high as those for clean, debarked chips 
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8 Forest species in the Mediterranean area 
Following there is a list of Mediterranean species mentioned by Proforbiomed partners in different 
reports, accompanied by some of their features (Table 10). 

Table 10: Mediterranean forest species and some of their characteristics 
Species Net calorific value 30% MC wb Basic density* Bulk density at 30% 

MC wb** 

kWh/t kcal/kg MJ/kg t/solid m3 t/m3
bv 

Quercus ilex  3.512 3.022 12,64 0,69 0,395 

Quercus humilis, Q. cerrioides, Q. 
faginea 

3.279 2.821 11,80 0,63 0,361 

Quercus cerris 3.373 2.902 12,14 0,61 0,347 

Fagus sylvatica 3.262 2.807 11,74 0,58 0,334 

Castanea sativa 3.425 2.947 12,33 0,51 0,292 

Populus sp. 3.167 2.725 11,40 0,39 0,223 

Eucalyptus globulus wood 3.285 2.826 11,83 0,67 0,384 

Robinia pseudacacia  3.386 2.913 12,19 0,58  0,332 

Paulownia sp 3.349 2.881 12,06 0,27 0,154 

Arbutus unedo 3.699 3.183 13,32 0,68 0,388 

Pinus halepensis 3.354 2.886 12,07 0,48 0,275 

Pinus nigra (subspecies nigra and 
salzmannii) 

3.504 3.015 12,61 0,46 0,260 

Pinus sylvestris 3.533 3.040 12,72 0,43 0,243 

Pinus radiata 3.328 2.863 11,98 0,41 0,234 

Pinus pinea 3.558 3.061 12,81 0,45 0,258 

Pinus pinaster 3.488 3.001 12,56 0,39 0,224 

Abies alba 3.450 2.968 12,42 0,45 0,259 

Cupressus sp n.d. n.d. n.d. 0.57 0,328 

Larix decidua n.d. n.d. n.d. 0,45 0,254 

Picea abies 3.499 3.011 12,60 0,39 0,224 

Pinus heldreichii  n.d. n.d. n.d. 0,49 0,278 

Abies cephalonica n.d. n.d. n.d. 0,37 0,212 

*dry weight / green volume M50 (over bark – estimation and assuming a dependence of density upon moisture according to Kollmann’s 
formula, 1968). Sources. Adapted from: (25), (26), (27), (28). Biocalor/Hargassner, ETA Heiztechnik GmbH, (29), (30),(31), (32), (33), 
Biosouth Project and TFZ-Bayern. 

**assuming a ratio solid volume:bulk volume of 0,4 and a dependence of density upon moisture according to Kollmann’s formula. These 
values must be considered as an orientation for chips from logs 
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9 Recommendations 
The most important recommendation is to check first the type of available biomass , and then 
evaluate the conditions for its proper use for its thermo-chemical conversion. 

All the information provided with in the previous chapters may be summarized with the following 
tables. Table 11 shows the fits estimated in the Wood fuels handbook (8).  

Table 11: suggestion made by the Wood fuels handbook (8) 

Boiler type Capacity kWth Grate Feeding sys-
tem 

Particle sizes Moisture Ash 

Wood logs < 100 Fix Manual P330 – P1000 M20 - 

Wood chips 

< 150 Fix Screw P16 – P45 M20 – M30 A1.5 

(30) 150 – 1000 

Fix – partial 
moving 

Screw P16 – P45 M20 – M40 A1.5 – 3.0 

Moving 
Screw / 
Pusher 

P16 – P100 M30 – M55 A3.0 – 10.0 

 

Table 12 shows the estimations of end users and user’s profiles and some of the characteristics to 
take into account. 
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Table 12: estimated profiles and some characteristics to be taken into account. Source: authors in collaboration with Graèlia S.L. 

End user User profile 
Typical conversion 

facility 

Typical 
feeding 
system 

Typical burner/grate 
Biofuel producer should take 

care of 

Typical 
raw 

material 
() 

Processes 
to pay 

attention on 

Domestic individual user: using 
small units (10-70 kWth) 

Unaware, they do not 
want problems 

Pellet/chip boiler, 
pellet stove 

Screw, 
pneumatic (Underfed) stoker 

Homogeneity, low moisture, 
and low ash content. No impuri-
ties 

1 1,2,3,4,(5) 

Aware of the use and 
maintenance of the boiler 

Pellet/chip/wood log 
boiler, pellet stove 

Screw, 
pneumatic (Underfed) stoker Homogeneity and low moisture. 

No impurities 1,2 2,3,4,(5) 

Tertiary building: medium to big 
units (>70 kWth) (hospitals, 
schools, swimming pools, etc) 
hotel 

Energy service companies 
(ESCOs) and building's 
maintenance personnel 

Multifuel boiler Screw, 
pusher 

(Underfed) stoker 
burner for dry fuels, 
moving grate for moist 
fuels 

Certain homogeneity if not a 
moving grate 1,2,3 1,2,3 

District heating: medium to big 
units (>100 kWth) 

District heating's techni-
cian Multifuel boiler Screw, 

pusher 
Moving grate, underfed 
stoker burner 

For underfed stoker burners, 
keep ash content low and 
prevent impurities 

(1),2,3 1,3,4 

Farms: medium to big units (>100 
kWth) 

User also responsible of 
operation and mainte-
nance. Self-supply 

Multifuel heater / 
boiler 

Screw, 
pneumatic 

Underfed stoker burner, 
moving grates 

For underfed stoker burners, 
keep ash content low and 
prevent impurities 

(1),2,3 (2),3,4,(5) 

Industries - heat in the form of 
steam, hot/superheated water, 
thermal fluid, exhaust gases: 
medium to big units (>250 kWth) 

Dedicated responsible of 
operation and mainte-
nance 

Multifuel boiler 
Pusher, 
screw, con-
veyor, redler 

Moving grate. Fix burner 
if dry biofuel. In some 
circumstances fluidized 
bed 

For (underfed) stoker burners, 
keep ash content low and 
prevent impurities. 

(1),2,3 3 

Small gasification CHP units 
(<2MWel) 

Facility's maintenance 
technician/s Downdraft reactor 

Screw, 
redler, con-
veyor 

Gasification reactor of 
fixed bed Moisture, size and impurities 1 1,2,3,4,5 

Bigger gasification CHP units (>2 
MWel) 

Dedicated responsible of 
operation and mainte-
nance 

Downdraft reactor, 
fluidized bed reactor 

Screw, 
spreader, 
conveyor, 
redler 

Gasification reactor of 
fixed or fluidized bed Moisture and size 1,2,3 2,3,(5) 

Raw materials: 1.- stems, tree trunk, 2.- full-tree including branch and top, 3.- tree tops and branches 

Processes: 1.-Biomass extraction, 2.-Seasoning, 3.-Comminution, 4.-Storage/Handling, 5.-Screening 

“()” means if needed, too high quality; if not needed it may only increase biofuel's cost 
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