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1 Introduction
This study considers seasonal variation in biomass production and quality as well as practical
issues related to biomass logistics and pre-treatment requirements. This study is focused
mainly on the conditions of Finland and Lithuania representing North Europe and Germany
representing central Europe.
In this publication the widely available open literature and databases on biomass availabilities
in different regions of Europe are reviewed. These studies are focused mainly on the conditions
of Finland and Lithuania and Germany. Special emphasis is set on studying the seasonal
variation in biomass production and quality as well as in practical considerations related to
biomass logistics and pre-treatment requirements. This information will be used developing
the next generation technologies of renewable electricity and heating/cooling.

2 Biomass as gasification feedstock (according standard ISO
17225-1:2014)
Biomass is defined as “the biodegradable fraction of products, waste and residues of biological
origin from agriculture (including vegetal and animal substances), forestry and related
industries, including fisheries and the aquaculture, as well as the biodegradable fraction of
industrial and municipal wastes” [1]. The main constituents of biomass are cellulose,
hemicellulose, lignin and proteins, which are mainly present in herbaceous species. Woody
plants are typically characterized as slowly growing species composed of tightly bound fibers,
which gives hard external surface while herbaceous plants are usually perennial species,
composed of more loosely bound fibers. This indicates that herbaceous plants have a lower
percentage of lignin in their structure, which is responsible for binding bounds cellulosic fibers.
The higher ratio of cellulose and hemicellulose to lignin in given biomass, the higher the
gaseous product yields from gasifying it, and therefore, the relative quantity of cellulose and
lignin in plant material is one of the factors which determines the suitability of plant species for
being used as energy source.
Every gasifier is capable of using different kind of feedstock material. General examples of
gasifiable biomasses with categorization are given in Table 1 [1].
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Table 1. Examples of gasifiable biomass.
Supply
sector

Type

Forestry

Dedicated
forestry
Forestry byproducts

Agriculture

Example
Short rotation plantations (e.g., willow, poplar,
eucalyptus)
Wood blocks, wood chips from thinnings

Dry
lignocellulosic
energy crops

Herbaceous crops (e.g., miscanthus, reed canary
grass, giant reed)

Oil, sugar and
starch energy
crops

Oil seeds for methylesters (e.g., rape seed,
sunflower)
Sugar crops for ethanol (e.g., sugar cane, sweet
sorghum)
Starch crops for ethanol (e.g., maize, wheat)

Agricultural
residues
Livestock waste
Industry

Industrial
residues

Straw, pruning of vineyards and fruit trees
Wet and dry manure
Industrial waste wood, sawdust from sawmills
Fibrous vegetable waste from paper industries

Waste

Dry
lignocellulosics

Residues from parks and gardens (e.g., prunings,
grass)

Contaminated
waste

Demolition wood
Organic fraction of municipal solid waste
Biodegradable landfilled waste, landfill gas
Sewage sludge

Influence of biomass properties on the gasification system
As seen in Table 1, there are a large number of different types of biomass with specific physical
and thermochemical characteristics such as moisture content, particle size and shape, ash
content, ash fusion characteristics, volatile compounds, reactivity, chemical composition,
energy content, bulk density and homogeneity of all these properties [2], [3], which have
influence on gasification process. The choice of biomass feedstock for different kinds of
gasification technology is based on these characteristics. Furthermore, each gasification
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technology has its own unique optimal working regime, tolerance limits of feedstock
parameters, the quality of produced syngas and efficiency of gasification. While there are
many of these characteristic, moisture content, particle size and ash content play the
main role in the gasification process.

2.1.1 Moisture content
The moisture content of biomass is one of the most crucial parameters that effects the energy
balance of the gasification process. With biomass moisture content exceeding 30% the overall
calorific value of product gases decreases due to the energy required to evaporate the
additional water before combustion and gasification takes place. In order to compensate this,
higher air/O2 to fuel ratio is needed to achieve target gasification temperatures. This results in
higher concentrations of CO2 and lower yields of CO and H2. Furthermore, the higher steam
concentration in the gasifier pushes the equilibrium of homogenous water-gas-shift reactions
towards higher H2 and CO2 concentrations. However, additional yields of hydrogen does not
cover for the loss of energy and therefore product gas is produced with lower calorific value
[2]. Moisture content also puts a load on cooling and filtering equipment by increasing the
volume flow and pressure drop across these units and by creating challenges on deigning
steam condensation. In [4], the recommendation was found for biomass to be preheated or
dried up to moisture contents between 10 % and 20 % before it is introduced into gasifier
reactor. Drying feedstocks to less than 10% requires increasingly more energy inputs, and
therefore, it is not efficient.
Different types of gasification technology have their specific moisture content tolerance limits,
which also depend very much on the targeted end use of the gas. Updraft fixed bed reactor
coupled directly to a boiler is operational with high moisture content containing biomass
feedstock reaching up to 55-60 %, while its counterpart downdraft reactor tolerates biomass
with moisture only up to 25 % [5]. Circulating and bubbling fluidised bed reactor types both
work optimally with biomass with the moisture content of 10-15 %, however, circulating
fluidised bed reactor can except biomass feed with moisture content within the wider interval
of 5-60 %, while bubbling fluidised bed reactor is capable of working within the slightly narrower
interval of 10-55 % [3]. For entrained flow gasifiers, feeding biomass must have the moisture
content lower than 15 % [6]. The moisture content of biomass feedstock in plasma reactor is
not important.
In this project, the selected gasifier is the novel, pressurized SXB (staged fixed-bed) gasifier
which has moisture content requirement for biomass feedstock to be within interval of 0-25 %.
However, optimal moisture content for syngas production after drying is within the interval 10-
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15 %, depending on the heat integration of the dryer and many other issues. Before entering
to dryer, the moisture content of biomass must not exceed value of 65 %.

2.1.2 Particle size
Feedstock particle size also plays a significant role in the gasification process. The required
sizing depends on feeding rate, residence time, tar production, temperature and gasifier
efficiency, which is evaluated for each gasifier and feedstock type. Feedstock material size
used in the reactor is also a function of the hearth dimension, but typically it is 10-20 % of the
heart diameter. In feeding stage, while larger particles may form bridges, which prevent feed
moving down, the particles that are too small require immense energy for preparation and
downsizing and also tend to block the air flow resulting in high-pressure drop and the
subsequent shutdown of reactor [2], [5]. Furthermore, size of particles influences the process
of gasification itself and product syngas yields. In [4] and [5], it was stated that smaller particle
sizes was accountable for higher total gas yields, higher concentrations, lower char and tar
yields and more homogeneous product composition overall. Meanwhile, the greater size of
particles is responsible for greater temperature gradient within particles, and therefore, the
temperature of the core of the particles is lower compared to the particle surface temperature.
This results in increase of char and liquid yields, decrease in gas yields and non-homogeneous
product gas compositions since particle drying, pyrolysis and gasification processes happen
simultaneously [5]. Due to greater surface area, smaller particles can achieve faster heating
rates, which cause the greater production of light gases and lower production of char and
condensate. Furthermore, feedstock with smaller particles have higher porosity and larger
specific area, which results in higher chemical reactions rates and sufficient gasification
reactions. It is also known that the impact of particle size on gasification process and product
yield decreases as the temperature of process increases.
Due to short feedstock residence time and problems related to feeding biomass into high
pressure reactor, a small particle size is required for entrained flow gasification technology,
namely, the requirement for upper size limit of particles in different sources varies from 0.1 to
1 mm [3], [5], [7], [8].Downdraft and updraft fixed bed gasifiers have lower sensitivity for the
variations of particle size and quality and the requirement for feedstock size is to be smaller
than 51 mm. Circulating fluidized bed gasifiers [2] are capable of accepting chipped material
up to a size of 20 mm. Bubbling fluidized bed gasifiers, unlike entrained flow and circulating
bed gasifiers, are more tolerant to fluctuations of feed quantity and moisture content and can
take biomass with maximum size within the interval of 50-150 mm. However, other sources
point out that fluidized bed reactors have an intermediate tolerance less than 6 mm for particles
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[5]. For SXB gasifier, maximum particle size is 100 mm, the amount of fines is 30 % smaller
than 1 mm. However, it is recommended to crush the feedstock below 50 mm sieve in order
to avoid problems.

2.1.3 Ash content
Ash is called inorganic material (minerals) in biomass that cannot be converted in gasification
reactions. Ash content for various biomass feedstocks ranges from 1 % (on dry basis) for wood
to above 20 % for some animal manures and herbaceous crops (for instance rice straw) [3].
Feedstock containing low ash content (less than 5 %) is preferable due to minimized issues
related to ash disposal. Besides ash content, biomass ash composition and melting
temperature also have an impact on the gasification process since low ash melting point
causes slagging and clinker formation. This leads to the variety of problems in gasification
reactors or it can even make gasification impossible. This is especially the case for fluidized
bed reactors because melted ash in the biomass bed can cause agglomeration of particles
(“freezing” of the bed). Then the reactor is required to be shut down and cleaned out or in some
cases major overhaul is necessary. Prevention for such issues can be achieved by using
additives in bed, for example olivine or dolomite, or by process modifications to the reactors.
While in most cases, ash content is satisfactory in woody biomass, crop residues have to be
inspected for their ash content and melting properties before they can be gasified.
Just like in earlier cases, each gasification technology has its own requirements for ash content
and melting point in biomass in order to perform well. Updraft gasifiers can handle biomass
with relatively high ash content (up to 15 %) and ash melting temperature is 1000 ºC. Downdraft
is capable of dealing with lower ash content biomass (up to 5 %) and ash melting point is 1250
ºC [6], [9], [10]. Requirements for ash content of gasifiable biomass for entrained flow, fluidised
bed and plasma reactor types depend on the reactor design and are not relevant for the
purpose of this project. However, for entrained flow gasifier and fluidized bubbling bed gasifier
ash melting points are 1250 ºC and 1000 ºC, respectively. Ash melting temperature of SXB
gasifier is 950 ºC and maximum ash content of biomass is 10 %.

Feedstock requirements for gasification technology
As described above, each gasification reactor type is different and has its own requirements
for biomass feedstock properties. These requirements and other important parameters of each
gasification technology is summarized in Table 2.
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Table 2. Feedstock requirements for different types of gasification reactors
Gasifier type

Biomass feedstock used for
gasification

Moisture
content
tolerance
limits

Particle
size

Ash
content

Ash
melting
point
[6]

Product
gas LHV
[6]

Syngas
output
temperature
[6]

Ash and
particles
in syngas
[6]

Downdraft [11]

[9]: bark, wood blocks, chips and pellets,
straw, maize cobs, refuse derived fuel,
waste pellets

Less than
25 %

Smaller
than 51
mm

Up to 15
%

1250 ºC

4.5-5.5

700-800 ºC

Low

Updraft [12]

[13]: municipal solid waste, straw, wood
wastes, wood chips, rice husks, and
bagasse.

Less than
60 %

Smaller
than 51
mm

Up to 5 %

1000 ºC

5-6

200-400 ºC

Moderate
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Gasifier type

Entrained flow
[14].

Biomass feedstock used for
gasification

Moisture
content
tolerance
limits

Particle
size

Ash
content

Ash
melting
point
[6]

Product
gas LHV
[6]

Syngas
output
temperature
[6]

Ash and
particles
in syngas
[6]

[8]: coal, lignite and creosote, wood
biomass (forest chips, bark, sawmill coproducts), straw, grass, municipal waste,
plastics, miscanthus, waste cereal
products, energy crops, wheat and rye
hays and straws, bagasse, manure,
other waste biomass.

Less than
15 %

Varies in
different
sources
from 0.1
to 1 mm.

-

1250 ºC

4-6

More than
1260 ºC

Low

Bubbling fluidized [3]: wood chips and pellets, forestry
bed [15]
residues, sawdust, plastic, aluminium,
agricultural and industrial waste, sewage
sludge, switch grass, discarded corn
seeds.

Within
interval of
10-55 %

Less than
50-150
mm

-

1000 ºC

3.7-8.4

800-1000 ºC

High
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Gasifier type

Biomass feedstock used for
gasification

Moisture
content
tolerance
limits

Particle
size

Ash
content

Ash
melting
point
[6]

Product
gas LHV
[6]

Syngas
output
temperature
[6]

Ash and
particles
in syngas
[6]

Circulating
fluidized bed [15]

[3]: wood chips and pellets, forestry
residues, sawdust, bark, sawdust,
recycled wood waste, plastics, railway
sleeper and tires, straw, energy crops.

Within
interval of
5-60 %

Less than
20 mm

-

-

4.5-13

850 ºC

Very high

Plasma [16]

[3]: focused on waste feedstocks, with
existing plants gasifying MSW, autoshredder residue, tyres, incinerator ash,
coal and hazardous, medical, industrial
and radioactive wastes.

Not
important

Not
important

-

-

-

More than
1200 ºC

-

2019/02/28

Version 2.0
16

Gasifier type

Staged fixed-bed

Biomass feedstock used for
gasification

forestry/wood residues, wood wastes,
agro-biomasses

2019/02/28

Moisture
content
tolerance
limits
Within
interval of
0-25 %

Particle
size

Ash
content

Less than
100 mm

Less than
10 %

Ash
melting
point
[6]

Product
gas LHV
[6]

950 ºC

-

Syngas
output
temperature
[6]

Ash and
particles
in syngas
[6]

-

-
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There is a significant variation of biomass requirements for gasification reactors. Entrained
flow reactors require biomass with small particle sizes, optimal moisture content and consistent
composition over time, while plasma reactor can gasify almost all biomass with little or no pretreatment at all. Bubbling and circulating fluidized bed have intermediate requirements for
feedstock and are able to deal with larger particles and a wider range of moisture content, but
also requires care over biomass with low ash melting temperatures. Updraft fixed bed gasifier
is capable of handling biomass with very high moisture and ash content while for downdraft
gasifier, biomass must have much more lower moisture and ash content.
SXB gasification technology is relatively new, and therefore, is being constantly improved by
experts from VTT. The main focus of these improvements is to achieve desired product syngas
quality and process efficiency, and therefore, the requirements for biomass feedstock is
defined to achieve this aim. The maximum particle size of gasifying feedstock is chosen to be
100 mm because it is desired to achieve higher yields in produced syngas and homogeneous
product concentration over time. In order to achieve higher process efficiency and to avoid
massive energy losses in the reactor drying zone, moisture content for feedstock is chosen to
be within the interval of 0-25 %. Ash content of feedstock should not exceed value of 10 %,
because it might cause unnecessary ash disposal problems. Consequently, to achieve the
required efficiency and syngas quality for FT-wax production, utilized feedstock must meet
these quality requirements.
Taking into account the features and tolerance limits of the SXB and also characteristics of
feedstock, the most suitable types of biomass feedstock for gasification in this type of reactor
are various wood residues, agro-biomasses and biogenic waste fractions. The potential of
available biomass feedstock must, therefore, be evaluated for these specific types of biomass,
which can be utilized in SXB reactor.
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Overview of available biomass types for investigation
2.3.1 Biomass from agriculture
Agro biomass resources in Finland
Agro biomass can be derived from field areas that are set aside from food production and can
be allocated to energy production. It includes biomass especially grown for bioenergy
(dedicated bioenergy crops - plants and their parts), and biomass as by-products from
traditional agriculture (Figure 1). In addition, slaughter waste and by-products from the food
industry belong to this group. In Finland, fiber plants and crops for industrial use other than
food have only marginal importance. Manure and straw are the biggest available biomass
resources measured in mass or volumetric units.

Figure 1. Energy from agro biomass: biomass-based raw materials [17].
In Finland, forests are a natural an abundant source of bioenergy. However, currently there is
also some interest to use agro biomass for energy as well. Agro biomasses are one of the
most reliable bioenergy sources for the future because they are always produced when crops
are grown. The outlook of agro biomass utilisation for energy purposes depends largely on the
agricultural policy and the future use of agricultural land. So far, energy crops have not had
any outstanding proportion in the Finnish cropping area.
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In Finland, the productivity of agricultural land differs somewhat from European growing
conditions due to Finland’s northerly location. In addition, the productivity of agricultural land
is weaker and the growing season is clearly shorter. Harvesting generally begins in August
and continues until September. A significant part of cereal production is concentrated in
Southern and Western Finland. The utilised agricultural area in Finland totals 2.3 million
hectares, which is 6.8 % of the total surface area. Agricultural land accounts for 7.5 % of the
country’s surface area.

A long-term climate and energy strategy of Finland states that

approximately 0.5 million ha of Finnish agricultural land will be in set-aside from conventional
farming over the next years which will offer more potential for alternative land use, e.g. for
bioenergy production. The energy potential of agro biomass, 21TWh, is about the same
magnitude as the techno-economical potential of unused wood resources in Finland [18] [19].
The largest available source (70-90%) of potential field crop residue material is the straw of
cereals. The biggest producers of cereals and thus straw for bioenergy in the EU are France,
Germany, Great Britain, Italy, Spain in Western Europe, and Poland in Eastern Europe. In the
Nordic countries, the largest field crop residue potential is in Denmark.
A major restriction in adopting usage of agricultural by-product material for bioenergy is the
maintenance of soil organic matter and productivity. It is estimated that, on average, 20-30 %
of crop remains can be sustainably used to produce energy (thermal and electrical). The other
60-70% of the remains can be used in livestock farms as bedding for livestock or left on the
land as a fertilizer. The analysis of the livestock and crop waste shows large untapped potential
for energy generation; however, most farms are small and do not have sufficient available
biomass quantities to make investment in a biomass plant worthwhile. In Finland, where the
growing season is rather short and crop residues on the soil surface can reduce crop yields by
slowing soil warming, their removal at least partly could even improve yield formation.
Other factors limiting the energy use of agricultural by-products are the low energy content of
the material limiting the economical transport distances, and to some extent the weather
conditions during crop harvesting. Thus, these factors limit the availability of by-products by 70
to 80% in total. The estimated technical and techno-economical potential of agricultural byproducts (+ manure) in Finland until 2050 are shown in Table 3 [20], [21].
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Table 3. Potentials of agricultural by-products in Finland [21].
Crop

Cereal straw
Oleiferous plants
Potato residue
Legume plants
Sugar beet residue
Total
Manure

Technical potential
1000 t TWh/a
dm/a (PJ)

Techno-economical, TWh (PJ)
2030
techno-economic
energy
potential, TWh/a
TWh/a

2119
114
85
5
54
2378

3.8
0.2
0.2
0
0.1
4.3
0,4

10.6 (38.2)
0.6 (2.2)
0.4 (1.4)
0.0 (0)
0.3 (1.1)
11.9 (42.8)
1.5

5.1 (18.4)

2050
TWh/a

6.2 (22.3.)

The potential of dedicated energy crops is mainly limited also by economic reasons: cultivation
of traditional crops for food is more profitable to the farmer. This is further influenced by the
partly uncertain cultivation costs of agrobiomass and fluctuating market prices of the produced
biomass. The total estimated techno-economic potential at 2030 would correspond to ca. 1500
MW feedstock capacity if these agro residues would be consumed during 3000 hours in
summer and autumn.
Cereal prices in Finland are on the European fairly low level, despite high production costs.
Only the price of Finnish rye has been at a competitive level. The specific details about the
current cultivation areas in Finland are in Table 4.
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Table 4. Utilized agricultural area and available, cultivated crops in Finland 2017 [22].
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Straw resources in Finland
In Finland, straw is mainly unused biomass resource. In most cases straw is chopped and left
on the soil surface. Around 20 % of straw is used for animal bedding.The biggest obstacle to
the usage of straw for energy is the autumn climatic conditions. Even if grain or seed could be
harvested at moisture levels of under 20%, the straw and stem moisture can be 30-60% at
harvest.
Agricultural residues such as straw have relatively low energy density and therefore require
much room in storage and transportation compared to their heating value. In addition, endusers scattered across the large region make logistics challenging. As a fuel, straw can be
used in the form of bales, chopped, ground or briquetted. Composition of different cereal straw
ashes are listed in Table 5. Typical fuel properties of cereal straw are presented in Table 6.
The properties of straw ash vary considerably depending on the species, growth site and
fertilization [17], [18].
As the energy use of straw in Finland is very limited at the moment, there are no uniform price
levels for energy straw. The costs of straw collection at field is estimated to be in the range 3050 €/ton dry matter corresponding to 10-15 €/MWh. However, the costs of storage and
transportation may very easily become higher than this. The power plants which have used
straw are generally able to pay a lower price than for wood feedstocks (< 20 €/MWh). Thus,
the use of straw for energy production is not economically attractive at present [23].

Table 5. Composition of cereal straw ash [24].
Compound, wt%
SiO2
Al2O3
Fe2O3
CaO
MgO
K2O
Na2O
SO3
P2O5

2019/02/28

Wheat
78.2
2.0
1.5
5.0
3.6
6.6
0.3
1.4
3.3

Rye
61.7
2.1
1.5
7.4
2.8
19.2
0.3
1.3
3.7

Barley
44.7
0.4
0.5
9.3
2.5
37.1
0.3
1.4
3.8

Oat
37.3
0.8
0.5
12.3
3.0
40.3
0.3
1.4
4.1
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Table 6. Typical elemental and metal composition of straw from Finnish cereal species [17].
Cereal straw
Chemical composition on a dry basis, wt%
Carbon (C),
Hydrogen (H)
Nitrogen (N)
Sulphur (S)
Chlorine (Cl)
Ash forming elements, wt % d.b.
Potassium (K)
Sodium (Na)
Calcium (Ca)
Silicon (Si)
Phosphorus (P)
Magnesium (Mg)
Aluminium (Al)
Iron (Fe)
Heavy metal content, mg/kg d.b.
Cadmium, Cd
Chromium, Cr
Copper, Cu
Mercury, Hg
Lead, Pb
Zinc, Zn
Cereal straw in general
Ash, wt% d.b.
LHV, MJ/kg
Density, kg/m3
- baled

46
5.9
0.5
0.08
0.31
0.99
0.11
0.4
1.8
0.07
0.11
0.04
0.1
0.06
0.07
5.9
0.03
0.78
45
5.0
17.4
30-40
100-150

Reed canary grass production in Finland
Cultivation of reed canary grass (RCG) for energy use increased in the 2000’s in Finland but
then it has decreased annually. The interest to increase the area of RCG has not recovered
lately because of economic reasons as the production cost is higher than the cost of forest
residues. Moreover, the use of RCG for bioenergy purpose is currently low due to technical
problems associated with the burning processes. However, earlier cultivation studies have
shown that in Finnish conditions reed canary grass provides a rather good yield compared to
any other grass grown for energy purpose. RCG tolerates both drought and flooding periods,
establishment cost of RCG cultivation is low, it has high competitiveness to weeds, it keeps
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rural landscape open and it requires only standard agricultural machinery. In addition,
cultivation areas under RCG are also easily returned to food crops if necessary by conventional
soil tillage operations. So far, reed canary grass is the only energy plant grown on fields and
the only plant which has an economic meaning [19].
The fuel properties of reed canary grass are affected by the cultivar, the growth site and soil,
fertilisation and the time of harvesting. RCG is light (bulk density is around 50-90 kg/m 3 on a
dry basis) like straw and it should be mixed with other wood-based fuels (e.g. peat in Finland)
if used and burned in heating plants as a feedstock. In 2008, a detailed study was made on
the use of RCG in Finland’s power plants. The experiences of RCG was discussed in more
detailed at two Finnish power plants: Rauhalahti and Kokkola. The estimated costs of RCG
bales at the gate of power plant was 30.3 €/MWh [25]. Fuel properties and ash compositions
of reed canary grass are listed in Table 7 and Table 8 [17], [18].

Table 7. Fuel analysis of reed canary grass. Two samples from Power Plants in Finland
(Rauhalahti and Kokkola) [25].
Sample
HHV, MJ/kg d.b.
Ash (815C)
Carbon (C), %
Hydrogen (H) %
Nitrogen (N) %
Sulphur (S) %
Chlorine (Cl) %
Potassium (K), %
Sodium (Na)
Calcium (Ca)
Silicon (Si)
Phosphorus (P)
Manganese (Mn)
Magnesium (Mg)
Aluminium (Al)
Iron (Fe)
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Reed canary grass I

Reed canary grass II

18.2
1.1
49
6.1
0.44
0.06
0.02
0.08
0.002
0.10
0.23
0.04
0.02
0.05
0.002
0.006

17.9
3.3
48
5.9
0.71
0.08
0.04
0.20
0.003
0.12
1.16
0.09
0.01
0.06
0.006
0.01
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Table 8. Reed canary grass ash composition (wt%) [26]
Ash
composition
SiO2
Al2O3
Fe2O3
CaO
MgO
K2O
Na2O
TiO2
SO3
P2O5

wt%
89.8
1.4
1.1
3.5
1.5
3.1
0.1
0.05
1.1
4.1

Agro waste, manure resources in Finland
Animal manure is a mixture of faeces and urine excreted by the animals. Manure is used as a
fertilizer and organic amendment on fields. It is also a valuable resource and a potential
resource for energy generation. It can also be processed to produce e.g. biogas and more
concentrated fertiliser products. Liquid fermentation can be used for slurries with dry matter
content below 13% and dry fermentation for manure with 20 – 35% dry matter content. Manure
management and use is regulated by EU Nitrates Directive and related national legislation.
In principle, different valuable components can be separated from manure and at the moment,
most efforts is put enhancing manure energy and nutrient reuse. Manure contains a lot of
nutrients, such as nitrogen and phosphorus, but also carbon-rich compounds. In 2017, 5% of
Finnish manure is being processed. It is estimated that the total amount of manure
corresponded to 1.5TWh as energy and the technical potential of manure could be 0.4TWh,
which would correspond to ca. 50 MW feedstock capacity if used throughout the year. Total
amount of manures directly from housing (ex housing) as tons fresh weight is presented in
Figure 2 [18], [27].
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Figure 2. Total amount of manure after storage in Finland (year 2014) [27].

Large-scale animal husbandry in Finland generates some 20 million tonnes of waste annually,
the nutrient content of which is currently under-utilised. The government programme calls for
the country to harness up to half of the droppings created on farms to be used for bio-fuel
production by the year 2025. Currently, a Finnish energy company is conducting trials using
horse manure and wood-chip bedding as fuel for biomass energy production. Finland has
70,000 horses, which is estimated to provide heat and electricity for up to 23,000 homes [28],
[29]. It’s estimated that there exists a possibility to produce around 0.35 TWh energy per year
in Finland using horse manure.
Table 9 presents on average composition of the horse manure.
Currently, horse manure is co-combusted with wood residues and used wood at the 76 MWth
district heating CHP plan located in Järvenpää, Finland. Manure feedstocks could be
considered to be used also at gasification plant together with woody biomass.

Table 9. Composition of horse manure (average) [17].

Moisture, wt%
Ash, wt% d.b.
LHV, MJ/kg
Content, wt% d.b.
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Horse manure
78
7.5
17.6
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Carbon (C), %
Hydrogen (H) %
Nitrogen (N) %
Sulphur (S) %
Oxygen (O) %

45
6
1.5
<2
38

Horticultural production in Finland
In Finland, horticulture is considered to comprise vegetable production in the open, the
production of cultivated berries and apples, nursery production and greenhouses. The total
outdoor cultivation area for vegetables, berries and fruits was around 16,600 hectares in 2015.
This area is growing slightly from the previous years.
The total outdoor cultivation areas and production in year 2015 is presented in Table 10. In
2015, there were 3,600 horticultural enterprises in Finland. Of these, 2,800 farms were
engaged in the open and 1,200 farms in greenhouse production. Strong seasonal and annual
variations are characteristic of the producer prices and volumes of horticultural products grown
in the open. Producer prices are typically low during the main crop season, when the domestic
supply is high [30]. Presently, the by-products of horticultural activities do not have any
significant role in energy production.
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Table 10. Horticultural production in Finland.
Areas under horticultural production in 2015, ha
2015
Production in the open, total
Vegetables grown in the open
16,164
Berries
9,510
Fruits
5,936
Greenhouse production, total
718
Vegetable production
341
Ornamental plants
227
Production in the open, total
114
Source: Luke; Finnish Agency for Rural Affairs.

Agro biomass resources in Germany
The potentials of biomass from agriculture in Germany are depicted in Figure 3.

Figure 3. Potentials of biomass from agriculture (excl. sugar, starch & oil crops) in Germany
under different availability scenarios [31].

The figure covers three scenarios: under low availability scenario, the amount of biomass from
agriculture decreases in 2020 and is growing very modestly afterwards to 332.4 PJ in 2050. In
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medium and high availability scenarios, the growth is much more significant (especially in the
time period 2010-2030), and the potential of agricultural biomass reaches 479 PJ and 807.2
PJ respectively.
The key types of biomass from agriculture in German case are shown in the Figure 4.

Figure 4. Agricultural biomass (excl. sugar, starch & oil crops) potential in Germany by type
under medium availability scenario [31].

Under medium availability scenario, the availability of manure biomass and primary agricultural
residues remains almost steady, while grassy crops and willow biomass potentials are growing
to 158.1 PJ and 20.2 PJ respectively. During the entire period, agricultural residues
demonstrate the highest biomass potential (195.1 PJ – 206.6 PJ).
Despite technical challenges, straw biomass has very significant potential in Germany. Majer
et al. (2013) report the technical fuel potential of cereal and rapeseed straw in 2007 to be 110
PJ. The highest straw potentials are observed in the areas that are located in MecklenburgVorpommern and Central Germany.
The dynamics of hay and straw prices in Germany is shown in Figure 5. The data for this figure
is collected from Propolanta (2018) portal and represents prices per metric tonne without VAT.
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Figure 5. Hay and straw price dynamics in Germany [32]
As might be seen from the picture, the prices are closely correlated, but there is no apparent
seasonal price variation. This can be explained by sufficient warehousing capacities.

Agro biomass resources in Lithuania
In Lithuania, agricultural land covers 2.11 million ha area, which accounts for 32.4% of the total
national territory [33]. There are good climatic conditions for farming activities in Lithuania. The
land is fertile enough, the growing season is long enough to grow, ripen and harvest. Of course,
there are some unexpected weather conditions during farming seasons, such as drought or
rainfall, they have a major impact on yields, leading to significant harvest reductions. In
Lithuania, the main agricultural crop are various cereals. Cereals cover 61.9% of arable land.
The dominant cereal species is wheat. Agricultural area occupied by various crops (Table 11)
[34].
Table 11. Agricultural area and cultivated crops in Lithuania 2016. [34]
Crop
Cereals
Leguminous plants
Linen
Sugar beet
Rape
Other plants
Annuals and perennial grasses
Outdoor vegetables and strawberries
Fodder roots
Potatoes
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Crop area, ha
1337825
238150
225
15435
155931
12005
233145
7901
951
18112
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Figure 6 shows the quantities of rye, wheat, barley and maize grown in the period 2012-2016.
The maximum amount of straw grown is from wheat crops. The amount of these straws has a
tendency to increase, but taking into account the unexcavated climatic conditions (rainfall), the
amount of straw in 2016 was lower than in 2015. In general, the yield of all the crops grown
was lower in 2016 compared to 2015, resulting in lower straw yield. Chemical composition of
straw is shown in Table 12. The use of straw for energy production is projected to grow. Straw
fuel potential is about 100 toe in Lithuania annually [35].There were used 6200 tonnes (2499

Thousand tones (dry mass)

toe) of straw fuel for energy production in 2017 [34].
5000
4500
4000
3500
3000
2500
2000
1500
1000
500
0
2013

2014

2015

2016

2017

Year
Rye

Wheat

Triticale

Barley

Corn

Figure 6. Cereal straw quantity, cultivated 2013-2017 [34]

It is expected that more than 1 million tonnes of straw will be used as fuel in the future [36].
Chemical composition of straw pellets is listed in Table13.
Table 12. Chemical composition of different cereal straw in Lithuania [37].
Biomass

C,
%

H,
%

N,
%

S,
%

O,
%

Cl,
%

K,
Na,
mg/kg mg/kg

Rye straw

Calorific Ash,
value,
%
MJ/kg
16.6
4.3

45.5

6.0

0.63

0.05

43.5

0.09

690

55

Wheat straw

16.9

3.9

42.7

5.4

0.99

0.13

46.9

0.09

6427

81

Rape straw

15.8

5.8

45.2

6.0

1.08

0.23

42.5

0.29

12385

372

Triticale
straw

16.6

3.9

45.2

6.2

0.63

0.05

44.0

0.11

8077

160
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Table 13. Chemical composition of straw pellet [38].
Element
Total nitrogen N
Sulfur S
Chlorides Cl
Potasium K
Sodium Na
Phosphorus P
Calcium Ca
Silicon Si
Cadmium Cd
Chromium Cr
Nickel Ni
Lead Pb
Copper Cu
Zinc Zn

mg /kg (dry matter)
7686
1240
2474
10833
500
1236
7800
8400
0,054
5.6
1.3
2.5
2.3
7.3

Cereal straw is the largest source of agro biomass in Lithuania. There is a tendency for the
price of straw to rise, but after the harvest of cereals, the price of cereal straw drops significantly
in September (up to 30% cheaper raw material). Dynamics of straw prices are in Figure 7.
Quantities of cereal screenings formed during 2008-2016 period are presented in Figure 8. As
it is depicted in Figure 8, the formation of cereal screenings has been decreasing since 2012.

Figure 7. Dynamics of straw prices [39]
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Table 14. Quality parameters of different cereal screenings [38]
Sample

Oat hulls

Moisture, %
Ash (d.b. 550C), %
HHV, kJ/kg d.b.

11.4
3.4
18790

Mixed cereal
screenings
10.7
6.6
19340

Buckwheat
hulls
8.0
2.0
19480

Wheat
residues
12.5
2.5
18490

Rape
residues
23.5
8.3
21670

Cereal screenings
350000

Amount, t

300000
250000
200000
150000
100000
50000
0
2008

2010

2012

2014

2016

Figure 8. Quantities of cereal screenings formed in 2008-2016 in Lithuania [34]

Manure resources in Lithuania
There were 677 thousand cattle kept in Lithuania in 2018 [34]. Figure 9 shows the amounts of
manure and slurry obtained on farms. The energetic parameters of poultry manure were
determined: moisture content 20,4 %, ash content dry basis) – 25,9, HHV -14 280 kJ/kg [38].
4000000
3500000

Amount, t

3000000
2500000

Manure

2000000

Slurry

1500000

Linear (Manure)
Linear (Slurry)

1000000
500000
0
2008 2010 2012 2014 2016

Figure 9. The amounts of manure and slurry obtained on farms in Lithuania [34]
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2.3.2 Biomass from forestry
Forest resources in Finland
Forest cover about 75 % of Finland’s land area, representing about 10% of the forest area in
Europe (215 million ha). Finland and Sweden are the most forested countries in the EU, and
Nordic countries are the world leaders in the utilization of forest biomass for energy production.
The share of wood biomass of all biomass is approximately 98 % in Finland. According to the
Finnish National Forest Inventory (NFI) the volume of growing stock has increased by more
than 40% since 1971, being now 2,465 million m3 (Table 15). Biomass of living trees on forest
land and poorly productive forest land is estimated to be around 1,745 million tons. The area
of strictly protected forests area accounts for 9% of Finland’s total forest area, which is the
largest in Europe. The most common tree species in Finland are Scots pine (50% of growing
stock volume forest land), spruce (30%) - birches (17%) and other deciduous trees account
for 3 % (Table 15). Finland’s forests are mainly owned by private persons and families (60-70
%), the share of state ownership is 25-30 % and companies and others on the rest [40], [41],
[42].
Table 15. Forest statistics in Finland: Biomass growth in Finnish forest (2014-2016) [41], [40],
[42].
Land class
Forestry land
Forest land
Poorly productive forest land
Unproductive land
Forest roads, depots, etc.
Other land
Land area, total
Volume of the growing stock
Pine
Spruce
Birch
Other deciduous trees
Growing stock, total

2014–2016
Mio. ha
26,2
20,3
2,4
3,2
0,2
4,2
30,4
2014–2016
Mio. m3
1 238
736
411
80
2 465

%
86
67
8
11
1
14
100
%
50
30
17
3
100

Forest resources of Finland are illustrated in Figure 10 and Figure 11. It shows that the annual
growth of growing stock is 110 million m³. The annual increment of growing stock is higher
than fellings (figure on the right side), and in the recent years increment has exceeded the
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drain by more than 25%. The balance between annual increment and drain of growing stock
is the principal indicator of the sustainability of wood production and based on these figures
the sustainable use of domestic wood can be increased in Finland.

Figure 10. Key figures and trends of forest resources of Finland in years 2014-16 www.luke.fi
[43].

Figure 11. The annual increment of growing stock and annual drain [44].
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Wood is usually harvested throughout the year, but mainly in winter. In Finland, both industrial
and energy wood is harvested from certified forests: around 95% of Finnish production forests
are certified under the Finnish PEFC (Programme for the Endorsement of Forest Certification
schemes) system. It also requires seasoning in storage in order to lower the moisture content
of the fuel. Biomass can be stored either as chips or firewood, or uncomminuted (whole trees,
stem wood and logging residues). Efﬁcient long-distance transportation is currently the most
important bottleneck for increased use of forest biomass for energy in Finland. The problem
can only be solved by even more efﬁcient concentration, densiﬁcation and improvement of
material value to allow large-scale transports. The low quality of the material may be improved
by drying, storing, screening, and sorting. This, combined with chipping or crushing will
increase homogeneity, handling properties, and density of the material.

Wood-based fuels in Finland
Woody fuels are classified based on the classification of a raw material’s origin. The solid
biofuels standard (EN ISO 17225-1:2014) divides wood fuels/biomass into the following subcategories:
•

Woody biomass from forests, plantations and other virgin wood

•

By-products and residues from the wood processing industry

•

Used wood

Figure 12 illustrates the definition of forest fuel. The main potential sources of forest fuels are
[45]:
Small diameter trees from early thinnings:
•

These resources are difficult to locate, measure and get to the market

•

Integration of small diameter trees with roundwood harvesting is weak

•

Harvesting cost are high and cost difference to logging residue chips is about 10-15
eur/m3

Logging residues and stumps from final fellings
•

These resources, which are easy to estimate and locate, are side products of final
cuttings

•

These can be fluently integrated with roundwood harvesting

Roundwood from final fellings
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•

Good quality chips

In addition, industrial residues and energy wood plantations occur as limited, secondary
sources.

Figure 12. Classification of forest wood to sub-categories [45].
In Finland bioenergy has a key role in the production of renewable energy, and wood-based
fuels are Finland’s main source of bioenergy. Bioenergy production is largely integrated into
forestry and forest industry. Major share of wood fuels are derived from the by-products of the
forest industry (64 %), including black liquor derived from the pulp-making process and bark,
sawdust and other industrial wood residues. Also logging residues (16 %) or other low value
biomass from silvicultural and harvesting operations are used for energy generation. In 2017,
the total consumption of wood fuels was around 100 terawatt-hours (TWh), which would
correspond to 12 500 MW feedstock capacity with annual operation time of 8000 h/a. The
largest single feedstock was black-liquor from pulp mills. Solid wood fuels used at power and
heating plants accounted for 38 TWh, the small-scale combustion of wood comprised 17 TWh
and other wood fuels covered 2 TWh. Energy produced from different wood fuels made up 74
% of total renewable energy in 2017. Wood fuels represented the most important individual
energy source in Finland, with a share of 27 %. The amount in the figure is due to an increase
in the burning of by-products and waste wood from the forest industry. [41].
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The investments in forest management in Finland in recent decades are now producing
increasing possibilities to use forest resources in a sustainable way. About half of the country’s
wood production is used for heat and power either through district heating systems or through
combined heat and power (CHP) plants. The most modern of these plants use fluidized bed
technology to combust or gasify a wide range of forest residues. In addition, different residues
and side streams - such as sawdust, bark, woodchips and black liquor are widely used for the
production of heat and electricity. Nowadays, sawdust and woodchips are also used for the
production of transport biofuels or other bioliquids [43], [44].
According to statistics [7] in 2017, heating and power plants consumed nearly 20 million solid
cubic metres (38 TWh) of solid wood fuels. In 2017, the volume of various by-products was
11.7 million m3 and it divided into following sections:
•
•

The main industrial by-product was bark, accounting nearly for two thirds (7,7 million
m3)
The rest were sawdusts (2.8 million m3) and industrial chips (1.2 million m3).

•

Amount of bark, sawdust and industrial chips is related to consumption of roundwood
in the forest industry.

VTT has estimated that in 2020, the availability of forest biomass residues will be 32 TWh (115
PJ) in total and it will be divided as follows [46]:
•

Logging residues from final felling, 13 TWh (46.9 PJ) based on cost level 11-14 €/MWh
(3.0 – 3.9 €/GJ)

•

Stumps and roots, 5,1 TWh (18.4 PJ) based on cost level 14-18 €/MWh (3.9 – 5 €/GJ)

•

Forest wood from young stands and first thinning, 13,9 TWh (50 PJ) based on cost
level 18-25 €/MWh (5 – 7 €/GJ)

Typical analyses for selected Finnish woody biomasses, wood pellets, bark, forest residue and
willow, are listed in Table 16.
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Table 16. Typical analyses for selected Finnish woody biomasses. The listed feedstock were
used in gasification test campaigns at VTT [47], [48].
Wood pellets
saw dust
(pine, spruce)
Moisture, wt%
7.4
Ash, wt% d.b.
0.4
LHV, MJ/kg d.b.
19.0
Volatile matter
83.2
Ultimate analysis, wt% d.b.
Carbon (C)
50.5
Hydrogen (H)
6.0
Nitrogen (N)
0.1
Sulphur (S)
0.01
Oxygen (O) diff.
43.0
Ash
0.4
Composition of ash, mg/kg
Potassium (K)
90
Sodium (Na)
Calcium (Ca)
380
Silicon (Si)
17
Phosphorus (P)
11
Magnesium
17
(Mg)
Aluminium (Al)
4.0
Iron (Fe)
48
Titanium (Ti)
Sulphur (S)
14

Bark
a mixture of soft
wood bark and
birch bark
12.5
3.0
19.6
77.3

Forest waste
residue
forest thinnings
(pine, spruce)
11.3
2.3
19.6
76.5

Willow
willow farm,
Finland

51.8
5.9
0.4
0.04
38.9
3.0

51.9
5.8
0.4
0.03
39.6
2.3

49.7
5.8
0.3
> 0.0003
42.6
1.6

67
3.6
265
34
18
32

68
3.4
215
90
22
28

220
2.0
220
2
50
31

13
9
0.6
7.9

12
8.0
0.7
10

1.6
1.3
<0.1
12

12.8
1.6
18.7
81.5

Nowadays, short rotation forest (SRF) plantations are gaining attention in many countries,
especially when grown oriented towards energy production. Fast-growing willow is a candidate
for woody biomass plantations in Finland and its growing have been studied since 1970’s.
However, currently there are no commercial cultivation of willow in Finland due to economic
reasons as the costs of cultivated willow biomass evidently is clearly higher than the cost of
presently used wood residues. Nowadays, the willow plantation areas are less than 20 ha,
even though there exist a lot of potential and suitable sites for willow plantations e.g. cutover
peatlands or poor fields. The plantations require considerable investments and subventions
are needed to make willow cultivation profitable, and actual biomass yields are quite low.
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Roundwood production in Finland
Roundwood production includes wood biomass that is harvested from the forest. The
roundwood is mainly used as raw material in industrial processes, and the rest is used to
produce energy. The total amount of roundwood removed from Finnish forests for forest
industry or energy production was 70 million m3 in 2016 (Table 17), which is a new record and
more than two million m3 higher than during the previous year.
A total of 62.1 million cubic metres of roundwood were harvested for export or for the
production of forest industry products. Of this volume, sawlogs accounted for 26.3 million cubic
metres and pulpwood for 35.8 million cubic metres. The remaining 8.2 million cubic metres of
roundwood was energywood to be used as wood chips in heat and power plants or as fuelwood
in residential housing. According to Luke, the maximum sustainable stemwood felling potential
of Finnish forests is now estimated at almost 85 million cubic metres of industrial and energy
wood per annum. According to roundwood removal statistics, 86 per cent of this potential was
used in 2017 [43].
Table 17. Total removal of roundwood in Finland, 2016 [43].

Total removals
Roundwood, of which
- Forest industry and exports
- Wood sawn for household consumption
Energywood, of which
- Fuelwood for small-scale housing
- Forest chips for heat and power plants

million m3
70.3
62.1
61.8
0.3
8.2
5.4
2.8

The total annual drain is the combination of roundwood removals, logging residue left in the
forest and naturally dead trees left in the forest. In 2016, the latter two totalled just over
15 million cubic metres, causing the annual drain to reach almost 86 million cubic metres. The
volume was 4 % higher than during the previous year [40].
Roundwood is used for making various products in forest industry sector, and thus it has no
direct effect on the bioenergy potential. However, during harvesting and industrial processing,
various residues are generated and can be used for energy production as is described in other
chapters. Roundwood and industrial wood in general are also mainly responsible for covering
the costs of systematic forest management, which also results in increased production of
residues and by-products.
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Logging residues, thinnings and chips resources in Finland
Logging residues may appear to be an attractive fuel source, but removal and handling costs
must be taken into consideration, as well as losses of valuable nutrients included in the green
residues. Logging residues consist of

tree tops, branches, needles/leaves, and

unmerchantable stem wood. Typical logging residue removal is around 35–50 m 3/ha and in
2010, logging residues were removed from more than 50,000 ha in Finland. Usually, logging
residue is left to dry in situ for between two and six weeks, allowing the majority of needles to
be shed. In Finland, most of the logging residues are crushed at the roadside using truckmounted chippers. Furthermore, a small share of logging residues is also transported to the
CHP plant where it is then processed. The importance of bundling has decreased in recent
years and currently approximately 15 bundling units are operational in Finland [49]. Typical
composition of logging residue (Forest waste residue) is in Table 16. Figure 13 shows the
availability of logging residues in different parts of Finland [21].

Figure 13. Availability of logging residues in different parts of Finland [45].
Estimation of economical availability of logging residues from final fellings was carried out by
Natural Resources Institute Finland (Luke). The availability of felling residues was based on
the total potential of the residues from the mechanized final fellings. The available logging
residues from final fellings in Finland is presented in Table 18.
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Table 18. Residues from final fellings in Finland Residues [50].
Logging
residues
1000 m3

Harvestable

Country

logging
residues

area
1000 m3

Logging
residues
m3/km2/a

ha2 at stand

1000 m3
Finland

25 376

12 000

338

Solid volume
(m3) of green
biomass

35.5

51.0

The cumulative availability of logging residues and their cost is presented inTable 19.

Table 19. Availability of logging residue chips at given prices and availability of logging residues
from procurement areas with the radius of 100 & 200 km [50].

Finland

Avail.
residues at
10€/MWh
(20€/m3)

Avail.
residues at
15€/MWh
(30€/m3)

Avail.
Avail.
residues at
residues at
radius of 100 radius of 200
km
km

1000 m3

1000 m3

1000 m3

1000 m3

2.7

over max
radius

660

2639

Cost range
€/m3

19.4-29.8

The amount of logging residues and natural drain was around 14 million m³ in year 2015. The
volume of logging residue depends on different features such as the species and number of
trees. Spruce stands produce more than twice the amount of logging residue than pine and
birch. Typical amount of logging residue left in a regeneration felling site in spruce stands in
Finland is around 100 m3/ha with a commercial timber harvesting volume of 200–250 m3/ha.
Figure 14 presents the volume of Finnish logging residue relative to the volume of stem wood.
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Figure 14. Average volumes of commercial timber and energy wood yielded by regeneration
felling in spruce stands per hectare [17].

Chips from small-diameter thinning wood are produced from whole trees, delimbed trees and
pulpwood-sized trees harvested in young stands.

A typical small-sized energy wood

harvesting site in Finland is an overstocked and unproductive hardwood or Scots pine stand,
where good tending practices have been neglected, typical removal is 40-60 m3/ha. In 2010,
thinning wood for energy use was harvested in about 40,000 ha in Finland [49].
In 2017, raw materials of the forest chips (1000 m3) consist of the small diameter wood 3.9
Mm3, forest residues 2.3 Mm3, stumps 0.6 M m3 and stemwood 0.3 Mm3 [29].
Natural Resources Institute Finland’s (Luke) assessment of the technical availability for forest
residue distributed by tree species is presented in Figure 15.
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Figure 15. Technical availability of forest residue in Finland, distributed by tree species [51].

Stumps and Bark resources in Finland
The use of stumps and roots in energy production has not been standard practice in Finland
until the beginning of the 21st century. The share of forest chips produced from stumps is
estimated in 2011 to be around 14% in heat and power production. The collection of stumps
for use in energy production are primarily spruce stumps, which are easier to harvest. In
addition, pine and birch stumps may be considered. Because of the heavy equipment required
for uprooting, only final fellings and saw timber-sized trees are considered. In Finland, typical
stump wood removal is 40–60 m3/ha. In 2010, stumps were removed from a total area of
around 20,000 ha or roughly 10% of the annual regeneration cutting area. The latest estimation
is that sustainably harvesting of stumps and roots could be around 7.9 million m 3/year in
Finland [49], [52], [53].
Wood bark is usually used to fuel boilers in forestry plants and heating stations. The majority
of bark generated as a by-product of the wood processing industry originates from softwoods.
The availability of bark is around 46 PJ in energy production sector [29]. Bark is quite difficult
to process due to its non-homogeneity, in addition to which bark mixed into fuel blends can
cause problems in fuel handling and feeding equipment. Table 20 shows ash content of bark
in different tree species [17].
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Table 20. Ash content of bark in different tree species [17].
Tree species
Ash, wt% d. b.
Ash chemical composition, wt% d.b.
SiO2
Fe2O3
CaO
MgO
K2O
Na2O
SO3
P2O5

Pine

Spruce

Birch

Oak

1.8

3.4

1.6

1.5

14.5
3.8
40.0
5.1
3.4
2.1
3.7
2.7

21.7
1.8
50.5
4.2
3.5
2.8
1.6
2.7

3.0
1.0
60.3
5.9
4.1
0.7
4.8
3.0

11.1
3.3
64.5
1.2
0.2
8.9
nd
nd

Wood pellets and sawdust production in Finland
Wood pellets are usually made from by-products of the mechanical forest industry, mostly
produced from sawdust and wood shavings compressed under high pressure using no glue or
other additives. The diameter of pellets produced in Finland is usually 8 mm and their length
10–30 mm. The moisture content of pellets is low: 6–10%, and ash content is also low at
approximately 0.5%. A typical energy content is 16.2 MJ/kg, mass density 650 kg/m3 and
energy density 10.5 GJ/m3 (2.91 MWh/m3). Average composition of Finnish pellets is
presented in Table 16. Lately newest pellet mills are equipped with a drying process, and they
can also utilise moist raw materials. Wood pellet production has increased steadily in Finland
and in 2017 the production was 324 000 tons1.5 TWh (5.4 PJ). At present, approximately 25
mills produce wood pellets in Finland. The total production capacity is approximately 700 000
t/yr. In 2013, the wood pellet price delivered to a private consumer was 56 €/MWh (15.6
EUR/GJ), Value Added Tax (VAT) excluded [46]. This is unfavorable to market prices of other
heating energy alternatives (light fuel oil, electricity). The production costs of wood pellets
depend on the feedstock source and on the requirements of drying, but can be estimated to
vary in the range of 25-40 €/MWh.
Sawdust is mainly obtained as a by-product of timber sawmills. Wood pellets are usually made
from clean conifer sawdust. Typical moisture of sawdust is between 50 to 55 %, however its
moisture content can vary from air dry to 70%. The ash content of sawdust is usually between
0.4 to 1.1 wt-%. Sawdust is one of the main sources of biomass and it is burnt with other fuels
in boilers at forestry plants and heating stations. In 2010, the average price of sawdust was in
the range of 16-18 eur/MWh in Finland. Sawdust is also the primary raw material for
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particleboard and fibreboard mills. Recently, the share of sawdust for renewable energy
production in Finland in industry and energy production was around 17.9 PJ among wood fuels
[29].

Finnish wood trade
The wood trade statistics contain data on wood purchased by the forest industry from nonindustrial private forests through standing sales or delivery sales. Standing sales involve the
buyer felling and transporting the wood to a roadside storage area, and the wood is charged
according to stumpage prices. Delivery sales involve the forest owner felling the trees and
transporting the wood to a location along a long-distance delivery route.
The average price paid for energy wood in year 2017 was 3.5 eur/m3 in standing sales and
EUR 20.6 in delivery sales. Logging residues valued 3.2 eur/m3 in standing sales and EUR
15.1 in delivery sales. In standing sales the price of pruned stem wood was 4.4 eur and in
delivery sales it was 23.3 eur. Logging residues accounted half and pruned stem wood two
fifths of all recorded energy wood in 2017 (Figure 16). Stumps and unpruned stems made up
the remaining ten per cent.
The volume of wood reported in the statistics was 3.6 million cubic metres, which represented
about half of the amount of the forest chips consumed by heating and power plants [40].

Figure 16. Finland’s prices of energy wood in 2014-18 [40].
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Figure 17 shows the price (€/MWh) developments of forest chips, sawdust and bark.

Figure 17. Forest chips, sawdust and bark price developments in Finland (2011-2018). [54]
The domestic consumption of wood pellets has increased continuously in Finland. In 2017, a
total of 324 000 tonnes (5.4 PJ) of wood pellets were produced, being one fifth more than in
the previous year and the third highest in history (Figure 18). The wood pellet consumer prize
in 2018 was around 270 eur/t (5.7 cent/kWh) [41].

Figure 18. Domestic production of wood pellets in Finland [40].
Stumpage prices in 2018 by felling type (logs, pulpwood) are shown in Figure 19. Spruce log
is the most important wood assortment and spruce is also the most important tree species
concerning earnings. In particular, spruce is important in Southern Finland and in private nonindustrial forests.
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Figure 19. Stumpage prices by felling type in Finland (2018), source: FFIF [55].

Stumpage prices (€/m3) by roundwood assortments in 2018 were as follows (Figure 19):
Pine logs : 63 €/m3
Spruce logs: 66 €/ m3
Birch logs: 47 €/ m3
Pine, spruce and birch pulpwood: 17-19 €/ m3
Average price for residues: 3.5 €/ m3

The price of wood depends on the felling method. Around two-thirds of wood sold by standing
sales originated in regeneration fellings. The roadside prices of wood are on average higher
than the prices in standing sales. The price difference is the largest for pulpwood, but for logs,
the stumpage price and the roadside price can be quite close to one another. Depending on
the tree species, the roadside price for logs is typically around two to five euros higher than
the stumpage price. [43].
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Forest resources in Germany
The total technical potential of forest biomass biofuel to be 511 PJ/a in Germany (mean 20022008) [56]. Their calculation includes logging residues, wood already utilised for energy
purposes and unutilised logs and bark, but waste wood potential is not included.
Figure 20 illustrates the fuel potentials of forestry biomass at the federal state level.

Figure 20. Technical fuel potentials for forestry biomass at the federal state level in Germany
[56]

The highest fuel potentials are observed in Bavaria (BY), Baden-Württemberg (BW), and
Hesse (HE).
Ruiz et al. (2015) use different methodology to define biomass potentials, and their estimation
is much higher: 1334.7 PJ in 2010 [31]. However, the trends are not so optimistic: in 2050:
forestry biomass potential decreases to 400.3 PJ under low availability scenario and 722.8 PJ
under medium availability scenario. High availability scenario is the only in which the amount
of biomass from forestry increases to 1467 PJ in 2050 (see Figure 21).
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Figure 21. Potentials of biomass forest biomass in Germany under different availability [31]
The causes of high initial availability of forest biomass and its decrease can be explained by
the Figure 22, which presents the developments of biomass potentials by type.

Figure 22. Available quantities of biomass from forestry in Germany by type under medium
availability scenario [31]
As it can be seen from the Figure 22, the potentials of the most biomass types remain relatively
stable, while the energy potential for biomass of forest residues (logging residues) potential
decreases very strongly: from 785.2 PJ in 2010 to 303.3 PJ in 2050. This situation might be
associated with other than energy uses of this product (medium availability scenario assumes
increasing competing use) and such specific assumptions as low stump extraction and medium
residue extraction [31].
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In Germany, both seasonal and spatial (geographical) price variations fail to play a significant
role in overall price fluctuations.
Figure 23 shows producer price indices for two groups of wood products. The graph illustrates
price indices (where yearly price average for 2015 is equal to 100 in the case of each product).

Figure 23. Price indices for wood fuel in Germany [57]
Figure 23 shows prices for both Wood in chips or particles (wood chips) and Pellets, briquettes,
logs or similar wood forms (wood pellets) tend to follow similar trends, but their variation is not
fully harmonised. Different patterns of seasonal price variation are among the reasons that
cause this situation.
Figure 24 and Figure 25 show monthly indices of prices for wood chips and wood pellets.

Figure 24. Seasonal variation of wood chips prices in Germany [57]
In the case of wood chips, general price trends play the much more significant role than
seasonal price variation being responsible for minor price fluctuations. Average monthly price
indices for the period 2010-2017 fail to show substantial differences and fall to the range from
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99.775 in July (the month in which wood chips are the cheapest) to 102.775 in March (the most
expensive month). In case of reduced cost of fuel, the price difference of about 3 per cent
would be hardly capable of covering the cost of warehousing if such strategy to reduce fuel
cost was chosen.

Figure 25. Seasonal variation of wood pellets prices in Germany [ [57], own calculations]
Seasonal price variations are evident in the case of wood pellets in Germany. The lowest
average price index is in July (96.525), while the highest prices are observed in February when
the average price index reaches 102.1875.
The comparison of seasonal price trends is illustrated in Figure 26.

Figure 26. Average monthly price indices of wood products for the period 2010-2017 [ [57],
own calculations]
Although the graph does not allow direct comparison of prices, it shows that seasonal
fluctuations of wood pellet prices are much stronger and fuel purchase in July would save
about 6 per cent on average, compared with the case when wood pellets are purchased in
February.
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Spatial price variations are also not very strong in Germany. This might be illustrated by the
price data provided in Biomassa.de (2016) and depicted in Figure 27.

Figure 27. Wood pellet prices in different parts of Germany in June 2015 [58]
As it can be seen from the Figure 27, although some variations depending on the regions are
there, they are not entirely systematic, and the amount purchased at once is much more critical
price determinant due to the economy of scale. However, it is not the case with wood chips
because transportation is not as easy as the delivery of wood pellets.
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Forest resources in Lithuania
Forests cover 33.63% (2 195 600 ha) of the territory of Lithuania, volume of stands - 543 million
m3. State forests make up 49.7% of the total forest area and 40.3% of the forest area is private.
According to forestry statistics, reserve forests, where prohibited fellings occupy 1.1% (24,945
ha) of total forest area (2017.01.01 data). In 2012-2016, the area of forests in Lithuania
increases by 34300 ha. [33]
The dominant species of stands in Lithuania are pine forests (34.6% by area, 223071 thousand
m3), spruce (20.9% by area, 92789 thousand m3)) and birch (22.2% by area, 88341 thousand
m3). The remaining species of stands occupy 22.3% of the forests. Forest stands area by
dominant tree species shown in Figure 28. [33]

Figure 28. Forest stands area by dominant tree species (2017-01-01) [33]

In Lithuania, biomass as an energy source accounts for 63% of the energy produced [59]. 2018
woody biomass consumption for energy production was 699 318 toe [60]. It is planned to reach
1 482 526 toe of woody biomass use for energy production [61]. According to forest statistics,
the forest area in 2012-2016 increased by 2 119,4 ha. The annual increase in volume of stands
in 2017 was 19.7 million m3. [33]
In Lithuania, woody biomass is purchased through the biomass exchange “Baltpool”
(www.baltpool.eu). The purpose of the biomass exchange “Baltpool” is to buy a biofuel for the
lowest price offered by a biomass buyer. The quality of biomass is divided into grades: SM1,
SM1W, SM2 and SM3.
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The grade SM1 includes clean stem wood chips with no impurities. The moisture content of
wood chips must not exceed 45% and the ash content should be lower than 2%. The SM1W
grade has a higher moisture content (up to 55%), and the fine fraction can reach 5% (SM1 up
to 2%). Also, the raw material SM1W can be not only stem wood but also waste wood from
sawmill. The higher ash content (up to 3%) is allowed for the SM2 grade and fine particle
fraction can be up to 10%. Impurities are also allowed in the SM2 grade, such as, dry leaves
and needles. Primary raw material for SM2 may include stem wood, all sawmills waste wood,
whole trees, and tree stumps without roots. SM3 biomass of the lowest quality. Permissible
moisture range 35-60%, ash content should be lower than 5%, fine particles could be up to 25
%. The raw material for SM3 could be used same raw material as for SM2 and also logging
residue and non-forest wood (parks, gardens, roadside maintenance wood). Changes in
quality parameters (moisture, ash content and calorific value) of SM1, SM2 and SM3 grades
over the year are shown in Figure 30. Chemical composition of different species of trees are
listed in Table 21 [37], [33].
Table 21. Chemical composition of different species of trees [37]
Biomass

Ash,
%

C, %

H, %

N, %

S, %

O, %

Cl, %

K,
Na,
mg/kg mg/kg

Spruce

Calorific
value,
MJ/kg
19.1

0.9

50.6

5.78

0.21

0

42.7

0.05

352

21

Alder
Birch
Ash tree

18.9
18.8
18.7

0.84
0.65
0.5

49.1
49.8
50.0

5.94
6.14
5.76

0.21
0.23
0.24

0
0
0

43.2
43.2
43.6

0.02
0.01
0.02

490
985
1647

6.4
5.4
75

According to Baltpool, the most purchased woody biomass product is SM2 wood chips in
Lithuania. It made up 62 percent the total amount of biomass purchased on the biomass
exchange. Product SM1 has the lowest sale. This results in higher fuel prices for this grade.
The second place is SM3 wood chips with sales of 30 percent. Figure 29 illustrates changes
in the purchased amount of biomass [60].
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Figure 29. Purchased amount of biomass 2015-2018 [60]
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Figure 30. Quality parameters for SM1, SM2 and SM3 wood chips (A- moisture content, %, B
– ash content, %, C- LHV, kJ/kg) [38]
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Figure 31. Changes in woody biomass prices 2015-2018 [60]

Average of annual wood biomass prices for the period 2015-2018 is shown in Figure 31. The
rise in prices for all grades of woody biomass is observed. In the period 2015-2017, the prices
of wood biomass have risen slightly. In 2016, the highest rise was recorded for SM3 grade
woody biomass – 3,1%, and in 2017 the highest rise was for SM1 grade biomass – 6,64%.
The biggest increase in woody biomass prices is observed in 2018. The highest price increase
was 31,5%, up to 198,72 eur/toe. SM2 and SM3 grade woody biomass prices increased by 25
%, from 145,07 eur/toe to 181,17 eur/toe for SM2 grade and 137,48 eur/toe to 171,32 eur/toe
for SM3 grade [60]. Transportation prices fluctuate from 2,43 to 8,08 eur/m 3 [61].
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Amounts of gardens and parks and logging residues are shown in Figure 32. Waste from
garden and park waste decreases, but logging residues are increasing. This is due to the
increased demand for woody biomass, which results in higher deforestation. [34]
300000
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Figure 32. The amount of park and garden and logging residues in Lithuania [34]

Wood pellet production in Lithuania
Purchased amount of wood pellet is shown in Figure 33. Quantities of purchased wood pellets
shown in Figure 33 do not include quantities of wood pellets used in households. The pellets

Amount [toe]

purchased by Baltpool according to qualitative parameters are divided into 3 grades [60].
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Figure 33. Purchased amount of wood pellet 2015-2018 [60]
Figure 34 represents the dynamics of prices for wood pellets in the period 2016-2018. There
is a clear upward trend in prices. Evaluating the price of wood pellets seasonally, it is noticed
that during the spring and summer seasons wood pellets prices slightly decreases. Average
annual prices of wood pellets shown in Figure 35. [60]
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Figure 34. Seasonal variation of prices for wood pellets in Lithuania [60]
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Figure 35. Average annual prices of wood pellets in Lithuania 2015- 2018 [60]

Short rotation plants in Lithuania
In Lithuania, it is expedient to grow willow (Salix viminalis) in peaty and fertile mineral soils,
and energy plantations of other willow species (Salix acutifolia and Salix daphnoides) in less
fertile mineral soils. The most suitable trees to grow in energy plantations are aspen and poplar
(especially some hybrids and fast growing clones). According to specialists, currently there are
only about 500 ha of energy plantations in Lithuania. It is expected that by 2025 the country
would have 17.5 thousand ha of energy plantations and it will produced 70 toe of biomass [62].
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2.3.3 Biomass from waste and industry residues
Wood residues from industry, by-products, and used wood in Finland
Solid residues from the wood-processing industry, i.e., from the mechanical wood processing
industry and pulp and paper industry, are utilized quite efficiently in Finland. By-products from
sawmilling are used as raw materials in pulp production, particleboard and fiberboard
production, pellet production and in the production of energy. Solid by-products from pulp
production are mainly used in energy production. The existing wood processing chains are
well-developed and integrated, which means that by-products of one plant are efficiently
utilized by another plant. Currently very little excess residues from forest industries are
available on the wood biomass market. Practically the only way to increase the use of wood
residues is to offer higher price for the material than competitors. The consumption of solid
wood processing industry by-products and residues in 2013 in Finland was 71 PJ. By-products
consisted of bark, sawdust, wood residue chips and they are utilized both as raw material and
in energy production [46].

Used wood in Finland
Special quality guidelines, updated in 2014, were drawn up for used wood in 2008 in Finland.
The quality guidelines covers chemically treated industrial wood residues, wood residues from
construction and waste management, and roadside trees. The guidelines classifies the used
wood in 4 categories: A, B, C and D. Categories A and B are classified under EN ISO 172251–Solid biofuel and class C under EN 15359–Solid recovered fuel standard. Fuels falling into
category C are solid recovered fuels (SRF) and should be incinerated according to waste
incineration legislation. Class D wood is treated by wood preservatives and is hazardous
waste. This classification is in accordance with the classification in the European Waste List
[17], [63].
Table 22 presents one example of the used, recycled woody biomass (class B) received from
recycling plant. The origin of the wood fuel was mainly rather clean wood waste from
construction industry, without any higher amounts of contaminants.
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Table 22. Properties of crushed used wood, class B (raw material obtained from L&T
Environmental Services, Kerava, Finland*).
Crushed used wood
Class B
(L&T Kerava)

Limit value
class B
Obligatory

Moisture, wt%
14.2
Ash, wt% d.b.
0.85
LHV, MJ/kg d.b.
20.16
Content, wt%
Carbon (C)
50.2
Hydrogen (H)
6.15
Nitrogen (N)
0.63
Sulphur (S)
0.015
Cl
0.01
Ash
0.85
Content, mg/kg d.b.
As
2.3
Cd
0.12
Cr
7.4
Cu
9.5
Pb
1.2
Zn
23
Hg
< 0.02
Na
575
K
525
As+Cr+Cu
18.5
*Source: VTT’s gasification test campaigns in
(www.vtt.fi/sites/BTL2030/en), March 2017.

Guidance

≤ 0.9 wt%
≤ 0.2

≤ 10 mg/kg
≤ 1 mg/kg

≤ 50 mg/kg
≤ 0.1 mg/kg
≤ 2000 mg/kg
≤ 5000 mg/kg
≤ 70 wt%
2017,Espoo, Finland.

BTL2030-project

Total use of used wood was almost 4,800 TJ in Finland in 2014. Use of demolition wood is
separated and it was almost 1,400 TJ. Used wood is used in 107 plants, and more than 75%
is used in plants bigger than 20 MWth. [63]

Slugde resources in Finland
Sludges originate from agriculture, industry, and municipal wastewater treatment plants.
Sludges originating from the wood processing industry include e.g. primary sludge, biosludge,
deinking sludge, and chemical sludge. The majority of common sludge originates from
wastewater treatment plants. The composition of sludge is one of the most important factors
in the proper method of choice for the treatment of sludge. It is necessary to pay attention to
the technical and an elementary analysis from which the energy value and composition of the
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sludge can be reach. The dry matter, lower heating value and composition of the sludge are
important factors to be used as fuel. In years 2015-2016, the amount of municipal wastewater
treatment plants was around 150 in Finland. The role of sludge incinerators is uncommon in
Finland and currently only two power plants burn a small amount of sludge as a fuel. The total
amount of sludge (annual declaration) varies and it was in 2016 572 800 - 832 200 tons/year
on wet basis, the dry weight was 118 500 -147 000 tons/year. [64]
One example of digested and thermally dried sewage sludge is presented in Table 23, used in
gasification tests at VTT.
Table 23. Properties of digested and thermally dried sewage sludge & XRF-analysis (source:
wastewater treatment plant, Joensuu, Finland) *
Sludge from wastewater treatment plant in Finland - digested, thermally dried
Moisture, wt%
5.0 -18
F, wt-%
< 0.2*
Ash, wt% d.b.
49.1
Na, wt-%
0.14
Volatiles wt%
48.7
Mg, wt-%
0.33
Content, wt% d.b.
Al, wt-%
1.5
Carbon (C)
25.1
Si, wt-%
2.5
Hydrogen (H)
3.3
P, wt-%
3.6
Nitrogen (N)
2.9
S, wt-%
0.82
Sulphur (S)
0.75
Cl, wt-%
0.03
Chlorine (Cl)
0.22
K, wt-%
0.24
Ca, wt-%
2.2
Ti, wt-%
0.24
Mn, wt-%
0.06
Fe, wt-%
21
Ni, wt-%
0.02
Cu, wt-%
0.03
Zn, wt-%
0.06
Sr, wt-%
0.01
Ba, wt-%
0.03
*Source: VTT’s gasification test campaigns with sludge, 2003. EU PROJECT ENK5-CT2000-00050
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Biomass from waste and industry residues in Germany
In Germany, municipal waste and sludge potential was 108.1 PJ according to Ruiz et al. (2015)
[31]. The possible developments of this potential are depicted in Figure 36.

Figure 36. Municipal waste and sludge potential in Germany under different availability
scenarios [31]
As it can be seen from the Figure 36, the potential is growing in high availability (to 183.7 PJ
in 2050) and medium availability (to 142.9 PJ in 2050) scenarios and decreasing to 82.6 PJ in
low availability scenario.
As can be noticed from Figure 37, the major part of fuel potential in this category is made by
municipal waste biomass.

Figure 37. Available quantities of municipal waste and sludge biomass in Germany by type
under medium availability scenario [31]
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It is obvious, that this potential is perhaps the most uncertain one among categories considered
in this report. For instance, [56] report technical fuel potential of the biodegradable and green
waste of approx. 23 PJ, which is less than one-fourth of the potential estimated by [31].

Biomass from waste and industry residues in Lithuania
Various types of wood waste amounted 120 401 273 tonnes in 2017. 17,489.508 t of used
wood were used for energy production. [34]

Sludge resources in Lithuania
Amount of wastewater sludge in Lithuania in 2017 shown in Figure 38 [34]
45000
40000

Amount, t

35000

Sludges from industrial
wastewater treatment

30000

Waste treatment sludge and liquid
waste

25000
20000

Sludges from wastewater
treatment

15000

Sludges from drinking water and
waste water treatment

10000
5000
0
Sludges

Figure 38. Amount of wastewater sludge in Lithuania in 2017 [34]
During the production of the spirits, sludge is formed. Further sludge is supplied to the
bioreactor where biogas is produced by anaerobic fermentation. Then the water is precipitated,
the sludge is fed to the decanter, and sludge is obtained (moisture content 85%). The energy
parameters of the sludge were determined in laboratory: moisture, ash and heat content and
elemental composition. Moisture content in the tested sludge - 80%, ash content - 13%, HHV
- 21 100 kJ/kg [38].
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3 Summary of the potential
Summary of the potential in Finland
Based on the studies presented in previous chapters the most potential feedstocks in Finland,
which can be considered to be used in the SXB gasification process are as follows:

•

Residues form forest industries, mainly bark and saw dust: bark consists mainly of
bark from spruce, pine and birch utilization

•

Logging residues from forest management

•

Used wood and industrial waste wood from e.g. furniture and construction industries

•

Straw

•

Willow and reed canary grass if dedicated biomass production for energy production
will become economically attractive

Table 24. Summary of potential feedstocks for FLEXCHX concept in Finland
Bioenergy
Resource

Potential
TWh

Present
use
%

Typical price
levels at the plant
site

Properties

€/MWh
Bark

22.21

~ 100

5-15

Moisture 40-60%, no major
challenges

Saw dust

5.31

~100

10-15

Moisture 40-55%, no major
challenges

Chips and
cuttings etc.

2.21

~100

15-20

Moisture 10-55%, no major
challenges

Logging residues
13
from final
cuttings

~50

10-15

Moisture 40-55%, no major
challenges

Forest wood
from young
stands and first
thinnings

~30

18-25

Moisture 40-55%, no major
challenges

0-15

Moisture 10-25 %, ash content
2-10 %, differences in
contaminant contents (Cl,
heavy metals)

13.9

Used wood,
2.5
demolition wood
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Woody biomass
~ 60
in total
Agro biomass in
total, mainly
straw but incl.
~ 20
also energy
crops

> 60 %

< 10 %

10-25

Can all be considered as a
feedstock for SXB gasifier

15-35

Low bulk density, seasonal
production, high content of K
and Cl, high transport costs could be considered as
additional feedstock together
with wood

1

present use for making heat and power

Rough estimates for the potential of these feedstocks are summarized in Table 24. It can be
concluded that the two most important biomass sources in Finland are bark from forest industry
and the logging and harvesting residues origination from forest management and industrial
wood cuttings. These can be considered to be suitable feedstocks for the FLEXCHX concept.
They exist usually at rather high initial moisture content and consequently thermal drying is an
important process step. These residues are located basically everywhere in Finland except for
most northern parts of Lapland and large cities. Used wood is an interesting possibility for
urban city refineries for example in the Helsinki area. If one third of the total potential of energy
wood would be utilized by FLEXCHX-type of combined production of fuels and energy, this
would correspond to ca. 3000 MW of feedstock capacity (with 6000 hours operation at full
capacity) and a production of ca. 850 ktoe of FT liquids.

Summary of the potential in Germany
In Germany, as well as in other countries, the biomass potential will vary depending on such
circumstances as consumption rate, land use changes, yield changes, etc. Moreover, the
concept of the biomass potential may also vary depending on the aspects that are highlighted
in the particular research or evaluation. To ensure the consistency, we mainly relayed on the
most recent JRC study [31] that presents the modelable biomass potentials for different
European countries including Germany.
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Table 25. Summary of biomass potential in Germany
Biomass type
Starchy crops biomass potential, TWh
Grassy crops biomass potential, TWh
Willow biomass potential, TWh
Manure biomass potential, TWh
Agricultural residues biomass potential, TWh
Roundwood fuelwood biomass potential, TWh
Roundwood Chips & Pellets biomass potential, TWh
Forestry energy residue biomass potential, TWh
Secondary forestry residues – woodchips biomass
potential, TWh
Secondary Forestry residues – sawdust biomass
potential, TWh
Forestry residues from landscape care biomass
potential, TWh
Municipal waste biomass potential, TWh
Sludge biomass potential, TWh

2010
3,472
0,000
0,000
28,889
56,195
4,833
75,834
218,113

Low availability
Medium availability
2030
2050
2030
2050
1,028
2,306
1,028
2,306
29,834 31,972
41,167
43,917
11,861 12,695
5,222
5,611
12,111 12,778
28,667
29,334
38,528 34,889
57,334
54,195
4,694
5,111
5,000
5,889
73,834 80,473
78,584
92,445
29,195 21,056
83,390
84,251

High availability
2030
2050
1,139
2,528
52,306
59,639
6,778
7,778
45,223
45,889
110,918
110,918
5,667
7,083
89,223
111,223
239,641
243,724

27,472

7,667

2,861

15,333

11,389

38,334

28,500

7,417

2,167

0,778

4,306

3,083

10,778

7,667

9,306
28,306
1,722

2,750
23,806
1,694

0,917
21,222
1,722

5,528
31,861
2,306

3,722
36,584
3,111

13,806
38,000
2,778

0,972
46,917
4,111

Data source: [31]
It should be noted, however, that most of the biomass products are traded among countries
and biomass potential (quantities available in the country) fails to be a limiting factor for
technology development, since it plays just indirect role in technology viability and
competitiveness.

Summary of the potential in Lithuania
Potential feedstock in Lithuania for the SXB gasification process:

•
•
•
•
•

Woody biomass;
Logging residues from forest management;
Used wood;
Straw;
Other agricultural residues.

Suitable feedstocks for the FLEXCHX concept are listed in Table 26. Logging residues and
forest wood from young stands and first thinnings are most important biomass sources in
Lithuania.
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Table 26. Summary of potential feedstocks for FLEXCHX concept in Lithuania
Bioenergy
Resource

Potential
TWh

Present
use
%

Typical price
levels

Properties

€/MWh

Chips and
cuttings etc.

0,3701

~100 %

11-25

Moisture 20-55%, no major
challenges

Logging residues
from final cuttings

1,4451

~100 %

10-20

Moisture 40-55%, no major
challenges

Forest wood from
young stands and
first thinnings

3,5381

~100 %

11-21

Moisture 40-55%, no major
challenges

Woody biomass
in total

5,2921

~100 %

10-25

Can all be considered as a
feedstock for SXB gasifier

Agro biomass in
total, mainly
straw but incl.
also energy crops

0,029

~10 %

7-14

Low bulk density, seasonal
production, high content of K
and Cl.

1

present use for making heat and power

Summary of the potential
After the Finnish, German and Lithuanian potential feedstock review, woody biomass and
logging residue are the most important source of biomass in all countries. There will be no
major challenges to use woody biomass as feedstock for SXB gasification process. Evaluated
the potential of agro biomass resource is enough and it can be used, as a potential feedstock
for SXB for Gasification Process. After evaluating the composition of agro biomass and
possible transportation costs, it would be better to combine this type of biomass with woody
biomass.
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