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Abstract
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Wood pellet is a fuel product compressed from milled wood. Raw materials are cutter
shavings and sawdust, which are by-products of mechanical wood-processing industry.
The pellets are cylindrical in shape, diameter 6–10 mm and length 10–30 mm.

This report reviews the pellet chain from production to end use in Finland. The report
includes technical and economical considerations of production, transports and use. A
number of successful cases of pellet chain in Finland are also presented.

The development of wood pellet market in Finland was initiated in 1998, when a pellet
plant was commissioned in Vöyri municipality. Since then, the production and
consumption of pellets have grown sharply, and presently, in end of year 2001, the
production capacity of pellets is almost 200 000 t/a. The rapid development of pellet
market in Finland is based on the high price of oil, and on the convenience in use and
the environmental friendliness of pellets. The utilisation equipment becoming more
common and distribution networks being under development, the pellet business will
consolidate its market share in Finland.
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Preface
This report is translated from OPET Report 1, which was published by OPET Finland,
VTT. The work on pellet production, distribution and combustion technology was
financed by the EU OPET network, Tekes, National Technology Agency and VTT. It
constitutes a part of the operation of OPET Finland Network  The aim was to collect
recent data on pellet market, operators and technology in Finland. This report is part of
an international action on pellets (Refined biomass – EM-BM-1) going on in the OPET
Network (2000 – 2002), in which actors in pellet business in various EU countries are
surveyed and descriptions of best bractise of production and utilisation chain of pellets
are prepared. The network has also produced information about pellet production and
use models in other countries.

OPET Finland is part of the OPET Network - Organisation for the Promotion of Energy
Technologies. It operates under the EU 5th Framework Programme for Research and
Development, as part of the Energy, Environment and Sustainable Development
Programme. More than 100 organisations from 48 countries, both in Europe and
elsewhere, are participating in the work. The aim is to promote the application of new
energy technologies by various means.

OPET Finland is a co-operation of the Tekes, Technology Agency, Motiva Oy, and
VTT.

This is second updated version of the report.

Jyväskylä, May 2002
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1. Introduction
Wood pellet is a fuel product compressed from milled wood. The use of wood pellets
has increased sharply in the 1990s, i.a., in Sweden, Denmark and Austria, and already
earlier in North America. In Finland, VTT studied pelletisation already in the 1980s, but
the projects were then brought to a standstill mainly due to a decline in oil prices and
hence, lack of competitiveness. Today, pellets offer a useful form of heating for one-
family houses, competing with oil and electricity heating systems. Pellet combustion is
also a feasible alternative at district heating stations and even at power plants. For the
time being, the availability of pellets has been a problem, but several pellet plants have
been established in Finland in the recent years. The availability of utilisation equipment
has also improved.

This report surveys the pellet chain from production to final use (Figure 1). Both
technical and economical issues of production, distribution and use are discussed.
Finally, a number of successful pellet chain cases are presented.
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Figure 1. Production and use chain of pellets (Figure: VTT).
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2. Wood pellets and briquettes

2.1 Properties

Wood pellets and larger product of refined biomass fuel - briquettes are usually
cylindrical compressed wood fuel products made of by-products of mechanical wood-
processing industry. The raw material is mostly dry sawdust, grinding dust, and cutter
shavings, while pellets and briquettes can also be compressed from fresh biomass, bark
and forest chips, but the raw material must be milled and dried before pelletising.

Figure 2. Vapo’s wood pellets (Figure: Vapo Oy).

The diameter of pellets manufactured in Finland is usually 8 mm and length 10 – 30 mm
(Figure 2). The moisture content is low, 7 – 12%. The ash content is also low, about
0.5%. The weight of a bulk density of pellets ranges 650 – 700 kg m3. The net calorific
value of pellets ranges 4.7 – 5.0 kWh/kg (16.9 – 18 MJ/kg). Hence, the energy content
of pellets is 3 000 – 3 300 kWh/loose m3, which is equal to 300 – 330 litre of light fuel
oil. One tonne of pellets takes about 1.5 m3 of storage space and is equal to 470 – 500
litre of light fuel oil. When exposed to water, the wood pellets get damp, swell and
disintegrate. The pellets stand poorly direct moisture. The average properties of pellets
and their comparison are presented in Table 1 [Alakangas 2000].
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TTS Institute has carried out a study in which they research properties of pellets. Five
pellet producer has delivered their sample pellet batch for inclusion in the tests. Results
are presented in Table 2. There were minor differences in the elemental analysis
between the products, and these complied with natural variation of wood. All five
manufacturers had used untreated wood as raw material for their pellets and the
products did not contain any harmful additive. The concentrations obtained were below
all international requirements known at the time. There were no major differences
between the pellet batches in their net calorific heating value. The net calorific heating
value as received varied within the range 4.63 – 4.98 MWh/tonne. The differences
observed were caused by moisture differences of the pellets, which varied within the
range 5 – 10%. The raw material used was debarked wood, which explains why the ash
content of the product was low (0.2 – 0.4%). The bulk density of moist pellets varied
within the range of 560 – 690 kg/m3and the energy density varied within the range of
2.59 – 3.43 MWh/bulk m3. Also, the length and durability of the pellets showed
considerable product-specific variation [Tuomi 2001].

The shape of wood briquettes, which are larger than wood pellets, is round or square.
The side length or diameter is 50 – 80 mm. During compression, the moisture content of
wood is less than 15%. The dry mass content of wood briquettes is on average
1 000 kg/solid m3. Due to the large size, briquettes are not usually suitable for automatic
feed in small units, and also in larger units the briquettes are crushed before combustion.
This report focuses on pellets, the production, distribution and combustion of which
deviate from those of briquettes [Alakangas 2000].

Table 1. Most important characteristics of wood pellets and their comparison.

Size
Energy content

Moisture content
Ash content
Raw materials
Bulk density
Space demand
Comparison to light fuel oil

Comparison to wood chips

Diameter 6 – 10 mm, length 10 – 30 mm
4.7 – 5.0 kWh/kg, (16.9 – 18.0 MJ/kg)
i.e. about 3 MWh/bulk m3

7 – 12%
About 0.5%
Sawdust, cutter shavings, wood grinding dust
650 – 700 kg/m3

About 1.5 m3/t
1 000 l oil = 2.1 t pellets
1 t oil = 2.5 t pellets
1 bulk m3 chips = 0.28 bulk m3 pellets
1 bulk m3 chips = 0.18 t pellets
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Table 2. Properties of Finnish wood pellets (Source: Tuomi 2001).

Property Unit Product 1 Product 2 Product 3 Product 4 Product 5

C %,dry 49.80 49.70 49.72 49.39 49.12
H %,dry 6.12 6.11 6.13 6.10 6.03
N %,dry 0.16 0.16 0.05 0.07 0.08
S %,dry 0.005 0.006 0.004 0.005 0.007
Cd mg/kg 0.06 0.08 0.07 0.11 0.06
Cr mg/kg 0.48 1.59 0.36 0.48 0.31
Zn mg/kg 7.83 0.04 7.55 7.56 8.00
Cu mg/kg 1.14 2.76 1.02 1.22 1.10
Ni mg/kg 0.26 0.26 0.24 0.21 0.30
Fe mg/kg 9.28 8.19 8.79 7.59 29.79
Cl mg/kg 6.88 5.82 6.85 5.73 7.38
Na mg/kg 61.52 30.32 15.23 7.78 53.35
Mg mg/kg 64.42 65.74 62.02 85.43 67.21
Ca mg/kg 0.57 0.59 0.54 0.62 0.64
K mg/kg 0.31 0.35 0.35 0.26 0.46
Mg mg/kg 0.11 0.12 0.13 0.09 0.12
P mg/kg 0.02 0.03 0.03 0.02 0.03
Moisture content w-% 5.2 6.6 9.1 8.5 9.7
Ash content dry-% 0.28 0.30 0.25 0.24 0.37
Diameter mm 8 8 8 8 8
Length, average mm 16 14 19 7 14
Length, max. mm 22 25 37 10 25
Length, min. mm 10 7 8 4 6
Number of pellets/100g Pieces 110 120 110 300 140
Durability.average
(Amandu-Kahl)

kp 21 20 21 17 19

Durability, max kp 21 21 21 21 21
Durability, min. kp 20 18 20 9 17
Durability, fine dust
(ASTM E 1288-89)
<2.36 mm

% 1.8 1.1 1.3 1.9 2.6

Bulk density, as received kg/loose
m3

690 680 630 600 560

Basic bulk density,
moisture free

kg/loose
m3

655 635 575 550 505

Net calorific heating
value, dry

MJ/kg 19.0 18.9 19.0 18.8 18.7

Net calorific heating
value, dry

MWh/t 5.28 5.26 5.28 5.23 5.20

Net calorific heating
value as received

MJ/kg 17.9 17.5 17.0 17.0 16.7

Net calorific heating
value as received

MWh/t 4.98 4.87 4.74 4.73 4.63

Energy density MWh/
loose m3

3.43 3.31 2.98 2.84 2.59

Energy density GJ/ loose
m3

12.3 11.9 10.7 10.2 9.3
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2.2 Quality standards

Standardisation is a good tool of the quality control of production. Simultaneously, it
gives information about pellet characteristics to customers. The standard also guarantees
the quality stability of the product on a high level. The most important qualitative
property of pellets is strength (durability) as the fines loosened from weak pellets would
readily cause problems in transports and combustion.

There are so far no quality standards for wood pellets and briquettes in Finland.
However, the quality standards would be necessary to guarantee smooth transports and
combustion of pellets to consumers and equipment manufacturers. Finnish Bioenergy
Association, FINBIO has formed an ad hoc group to prepare quality guidelines for
pellets in Finland. An European standard for solid fuels (CEN TC335 Solid biofuel
standard) is presently under development. This standard will also concern pellets. Until
establishing this European standard and Finnish pellets guidelines, a Swedish pellet
classification SS 18 71 20 (Table 3) is fairly generally applied in Finland, as a
considerable proportion of Finnish pellet products are exported to Sweden. The Swedish
standard gives limits to pellet characteristics and divides the pellets into three quality
classes. In the standards, the quality determination methods applied are given in
addition to quality classes, as these deviate from each other. In the Swedish pellet
standard (Table 3), the determination methods are presented as separate standards.

Table 3. Swedish pellet classification SS 18 71 20 [Alakangas 2000].

Characteristics Testing method Unit Group 1 Group 2 Group 3
Diameter and length
in manufacturer’s
store

Measured from 10
random batches

mm Case-specific
< 4 times
diameter

Case-specific
< 5 times
diameter

Case-specific
< 5 times
diameter

Bulk density SS 18 71 78 kg/m3 ≥600 ≥500 ≥500
Durability at
producer’s store

SS 18 71 80 Weight of fines
<3 mm, %

≤0.8 ≤1.5 ≤1.5

Net calorific value as
received

SS ISO 1928 MJ/kg
KWh/kg

≥16.9
≥4.7

≥16.0
≥4.7

≥15.1
≥4.2

Ash content SS 18 71 71 % ≤0.7 ≤1.5 ≤1.5
Moisture content as
received

SS 18 71 70 % ≤10 ≤10 ≤12

Sulphur content SS 18 71 77 % ≤0.08 ≤0.08 Defined
separately

Additive content SS 18 71 85 % Content and type are defined separately
Chlorine content SS 18 71 85 % ≤0.03 ≤0.03 Defined

separately
Ash fusion
behaviour

SS 18 71 65 or other
comparable method

°C Temperatures are defined separately
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3. Production technology

3.1 Raw materials

3.1.1 Sawdust and cutter shavings

In Finland, wood pellets are most often compressed from dry sawdust, grinding dust and
cutter shavings. It is not necessary to dry these raw materials. Sawdust and cutter
shavings are available at a fair price as by-products of sawmills and planing mills. If
sawdust is moist, it should be dried before pelletising. The optimum moisture content is
10 – 15%. The moisture content gives the proportion of evaporable water in the total
weight of material. Softwood is a slightly better raw material of wood pellets than
hardwood due to its higher lignin content. Lignin is a natural binding material of wood
fibres and also the binding material of pellets. If the raw material of pellets contains
bark, the heat value of pellets is higher. The production of one pellet tonne (moisture
7 – 10%) requires the following amounts of raw material [Kytö & Äijälä 1981b]:

- about 7 bulk m3 sawdust (moisture content 50 – 55%), or
- about 10 bulk m3 cutter shavings (moisture content 10 – 15%).

3.1.2 Fresh biomass

There are not yet any pellets produced from fresh biomass on the market. Their
production has been studied, in particular, in Sweden, but also in Finland by the Forest
Research Institute and early 1980s by VTT. It is possible to use bark and logging
residues as raw materials of pellets, especially as regards the strength of pellets. The
density of pellets has no effect on their strength, contrary to the content of lignin, which
improves the strength. The ash content of pellets produced from fresh biomass is higher
and the heat value lower than those of pellets produced from other raw materials. This is
probably due to the reduction of volatiles during drying. This can be prevented by
lowering the temperature of drying.

According to tests, the pellets produced from fresh biomass do not endure long-term
storage as well as those produced from sawdust and cutter shavings. The strength of the
pellets is reduced, and microbiological growth has been observed, in particular, in
pellets produced from bark [Lehtikangas 1999].

The pellets produced from fresh biomass are neither economically competitive with
those produced from cutter shavings and sawdust, due to high drying costs and raw
material price.
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3.2 Production

The process of pellet production comprises the following stages (Figure 3): possible
drying of raw material, milling, pelletizing, cooling, fine speration and packaging/
storing.

Raw material
storage

Intermediate
storage

Gringind and
possible drying

Cooling Pellet storage

Pelletisation

Screening

Figure 3. Pellet process at the Turenki factory (Figure VTT).

Drying is not needed, if the raw material consists of cutter shavings or dry sawdust.
However, if moist sawdust is used, it should be dried before grinding, e.g., in a drum
drier.

In milling, the raw material is ground to a grain size equal to at least the diameter of the
pellet. However, the ground wood dust should not be too fine, when there are no longer
fibres that in part bind the pellet. Usually a hammer mill is used for grinding, when
homogeneous raw material is obtained for compression.

Milling and drying of raw material can be combined, if drying is required. In a miller-
dryer, the crusher changes the particle size of sawdust, which is dried. Crushing makes
the drying process considerably easier. The particles are of equal size and have about
the same moisture content. As the moisture content of all particles is homogeneous, the
pellets are more durable. 

A hot gas generator is most often used for drying. Its burner burns excess sawdust and
dust from the production process. The gas consists mainly of carbon dioxide, water and
nitrogen.

The pellets are compressed in flat-die or vertical mounted ring die. The characteristics
of these machines are discussed more closely in the next chapter. No additives are
normally used in the compression of wood pellets, but the pellets are bound by the
cohesion of inner surfaces, by fibrous parts of particles, and primarily by adhesion



14

caused by lignin that is softened by the heat of compression. The temperature of crushed
wood material increases in the pellet compressor and the natural binding material,
lignin, melts and binds the pellet when cooling. Hence, the pellet does not gain its
strength until it is cooled. The die is always chosen case by case, depending on the
quality properties (hardness, moisture, composition) of the raw material compressed.

Cooling is a very important stage of process. After compression the temperature of
pellets is high, usually about 90 °C. The moisture released in the compression stage is
removed with heat from the product. Cooling stabilises the pellets and hardens the
lignin melt on the surfaces of pellets, and hence, the shape of pellets remains
unchanged.

In screening, the raw material dust mixed among the pellets is separated and led back
into the pelletisation process. Screening is usually performed with a vibrating screen to
secure a homogeneous product that does not cause problems in conveyors and
combusting equipment.

Finally, the pellets are conveyed to a storeroom or put into big or small bags for
transports to consumers [Malisius et al. 2000].

3.2.1 Pelletising equipment

Although the die type and compression mechanism of pelletising equipment differ from
each other, practically all systems comprise the following parts: feeder, die and roll part,
main engine, reduction gear and chassis.

Raw material feed

The feeder is usually a screw feeder, the speed being adjustable. The feeder secures a
suitable material flow in changing conditions. Furthermore, steam or other possible
additive shall not escape from the mixing chamber through the feeder.

Mixing chamber

The pelletising machine can also include a mixing chamber for feeding additives, e.g.
steam, to the raw material. The chamber is usually equipped with steam pipes and liquid
spray application for the feed of additives.
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Die and roller section

The material is fed to the dies in different ways depending on the machine type. A roll
or rolls compress the material through the die holes, and cutting knives cut then the
extruded piece to pellets.

The pellet procedure is shown in Figure 4. The material is as a mat in front of the roll.
The overrolling press roll tightens the mat and presses the material into the die holes. A
tight raw material mat remains on the die. When overrolling the hole, the roll always
presses new material into the pellet hole, and the pellet slides slightly forwards. Six
important issues affect the compression:

1. Connection between material characteristics, compression capacity of equipment,
and tightening process

2. Friction characteristics of die holes
3. Hole length and diameter (Figure 5)
4. Thickness of raw material mat, and hence, thickness of the new material layer

forced into the hole
5. Frequency of compression, i.e., rolling speed
6. Material and finishing of die and rolls [Kytö & Äijälä 1981a]

K

Die

Raw material
Raw material

R

l

P
S

Press roll

 

L

l

Raw material

d

Figure 4. Pellet formation Figure 5. Compression ratio = d /(L+2’l)
[Kytö & Äijälä 1981, [Oravainen 1999, Figure: VTT]
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The distance between the die and the roll affects the quality of pellets, and also the
energy demand, and the wear of equipment. The experiments indicated that lengthening
of the distance from 0 to 1 mm increased the energy demand to 1.2-fold, but
simultaneously, the amount of fines was reduced by 30%.

The die and the rolls are manufactured from wear-resistant materials. A common
material of matrices is hardened chromium steel, the surface of which is heat-treated
hard, while the inner part remains strong and tensile. The die, rolls and cutting blades
are wearing parts and are replaced periodically [Kytö & Äijälä 1981a].

3.2.1.1 Vertical mounted ring die

In Finland most of the pellet producers are using ring dies. The most manufacturers
make vertical mounted ring die machines, in which the compression mechanism is
based on a solid die and in its inner rim rotating 1 – 3 compression rolls (Figures 6 and
7), or a rotating die and on-site rolling rolls. Today, there are also machines, in which
the rolls are rotated and the die rotates by friction strength. The friction strength is
transmissed by the pelletising material.

In addition to the compression mechanism, the material feed is a decisive factor, when
the aim is to reach a high output and a small and even wear of die. In a number of one-
roll machines, the material flows into the die solely by the gravity or is carried by a
screw conveyor. In a system of two or three on-site rolling rolls, a more effective feed is
required and realised with a centrifugal feed by steering the material onto the rolls with
adjustable ailerons. The aim is to spread the material as an even mat over the whole
width of the die and on all rolls.
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Figure 6.  Vertical mounted ring die  (Source: www.salmatec-gmbh.de.
Figure: VTT).
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Figure 7. Ring die  (Figure: VTT).

3.2.1.2 Flat-die

The compression mechanism of the flat die is based on a round plane die and on press
rolls on its surface (Figure 8). In Turenki plant flat-die is used. The number of rolls
ranges 2 – 6, depending on the size of the machine. In some models, the die rotates and
the rolls are stationary, in some other models the die is stationary and the rolls rotate,
i.e., the roll end rotates.

The essential die is only the circumference of a circular plate, as the press rolls are
rather narrow. The roll cannot rotate simultaneously at the speed required by different
edges, and as a consequence there is slipping between the roll and the die.

In the plane die the material is fed onto the die simply downward by gravity. Compared
to core roll machines, an advantage is ease of cleaning [Kytö & Äijälä 1981a].
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Roll

Main axle

Cutting blade

Die

Extractor

Figure 8. Flat-die  (Figure: VTT).

3.2.2 Effect of additives

It is possible to use additives with binding, lubricating or moisture-protecting effects.
However, additives are not often used in the manufacture of wood pellets, as the
additives increase costs and are usually not needed. The additive should not hamper
combustion or develop stinking or poisonous gases.

Steam is the most general additive in pelletisation. It should be dry or slightly
superheated, as the aim is to heat the material, but not to moisten it in excess. Steam
addition has been found to reduce the wear of the die and make the pellets stronger and
tougher [Kytö & Äijälä 1981a].

It is also possible to use other additives, like synthetic plastics, but then the wood pellet
would loose its environmentally friendly image. The heat value and rate of combustion
of pellets would be improved and the ash content would be reduced by adding plastics.

Adding of bio-oils to wood pellets is being studied in Austria and Slovakia.
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4. Distribution
Transports are a fairly important factor regarding the economy of pellet industries. It is
not feasible to transport cutter shavings and sawdust over long distances, but the pellet
plant should be located close to raw material sources. The long transport distances of
pellets also reduce the cost-effectiveness. When planning the logistics, return transports
should be used as far as possible to improve the cost-effectiveness.

Pellets are distributed by producer or by local retailers in Finland. The producers may
deliver the pellets direct to final users, or through retailers, especially to small-scale
consumers. In Finland, Vapo Oy has the most extensive distribution network of pellets
in about 140 Agrimarkets. Pellets of Biowatti Oy are for sale in K-Agricultural shops.

Wood pellets are sold either as bulk goods or in large or small bags. In Finland large
bags are more popular than small bags.

Small bags

The size of small pellet bags ranges 15 – 25 kg, and they are packed on interchangeable
pallets. The pallets are delivered to retailers, who deliver the pellets to final users. Small
bags are meant for consumers, who use pellets in small scale in stoves or as additional
fuel. The small proportion of fines is an advantage of small bags, provided the bags are
handled carefully. The higher price is of course a disadvantage.

Large bags

The size of large bags ranges 1 – 1.5 m3, i.e. 500 – 1 000 kg (Figure 9). Transports of
pellets in large bags are more economical, but a forklift lorry, a crane or a front loader is
needed for unloading. Hence, this transport system is unpractical for small-scale
consumers, who do not often have any hoisters for conveying large bags. Large bags are
especially used in farms, which have equipment to handle these bags. As regards
especially one-family houses, it is not always possible to discharge pellets directly into
the bin. Conventional lorries can transport large bags in the same way as small bags. A
deposit is paid on bags, as they are recyclable.
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Figure 9. Pellets in large bags  (Figure: Vapo Oy).

Bulk pellets

Pellets can be transported in bulk by tractors or lorries under a tarpaulin. Bulk pellets
are distributed with a lorry by using pressurised air for blowing the pellets direct into
the store of the final user. Hence, the pellets are distributed like fuel oil. The lorry may
be designed especially for wood pellets, or lorries designed for animal fodder can be
used. It does not pay to use expensive special lorries, especially in longer distances, but
it is feasible to transport the pellets to the store of the retailer with a normal lorry. From
the intermediate store, the pellets are distributed with a blow lorry. Bulk distribution is
increasing due to lower costs [Malisius et al. 2000].

Vapo Oy Energy, Association of Ecological Energy and FEG Oy Forest and
Environment Group Ltd have developed the first lorry solely for the distribution of
wood pellets in Eastern Finland (Figure 10). Mr. Jari Muona of JPK-Tuote Oy invented
the idea of this pump lorry.
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Figure 10. A store being filled with a container lorry (Figure: Vapo Oy).

The delivery equipment of pellets is constructed on an interchangeable container and
hence does not bind the vehicle solely to pellet transports and distribution. The power
source of the equipment is the hydraulics of the lorry, and hence no external power
source is required. The container takes a load of 18 m3. It is divided into three
compartments of 6 m3 that can be emptied separately. This makes it possible to deliver
pellets directly to retail customers and to dose, e.g., a pellet load for one heating season
of an one-family house. The emptying hatches are controlled hydraulically. When the
tip is lifted, the pellets flow from the container to a cut-off feeder, which doses the
pellets to air flow on the pressurised side of a blower run with a hydraulic engine. The
pressurised air flow carries the pellets through a hose directly into the hopper of the
customer even from a distance of > 20 m. The unloading capacity of the delivery lorry
is about 10t/h. The price of the pellet delivery lorry is about € 16 500, i.e. clearly lower
than, e.g., the fodder delivery lorries used in Sweden. The lorry has delivered pellets to
tens of residential houses and to a one-family house for several months and has proved
to be a feasible alternative.

Biowatti Oy has tested pellet deliveries with interchangeable containers and with chips
lorries to delivery stores, from which the pellets have been delivered with a pumping
lorry designed for animal fodder deliveries. This way the use of expensive pumping
lorries is minimised. By using chips lorries and lorries with interchangeable containers
it is possible to utilise to-and-from transports in order to reduce costs. Grain silos have
been used as delivery stores, as these offer empty storeroom during the greater part of
the year.



23

5. Storage
The pellets should be stored in a dry space to prevent them from coming into contact
with water or water drops. Rain or condense water, snow or moisture rising through the
floor of the storeroom swell the wood pellets quickly and disintegrate them into
sawdust. Moisture problems should also be considered when organising transports.

At the consumer, the pellet hopper should be as close as possible to the burner (Figure
11). The maximum distance of conveyors is 15 m. The hopper should be equipped with
a pellet feed hole, an air valve (abt 200 mm) and a manhole that allows an easy entrance
into the hopper. There should also be windows in the walls to allow for viewing the
amount of pellets. A sufficiently large air valve is of importance, in particular, with
pneumatic feed to prevent air pressure from breaking hopper constructions. It is
advisable to install a dust-filter bag around the air valve to prevent wood dust from
spreading to the environment (www.janfire.com).

Figure 11. Pellet feed into the hopper (Figure: VTT).

When the bunker is filled from large bags, e.g., film veneer is a suitable building
material for the hopper. In these cases, the hopper can be built as carpentry work
provided the seals must be tightened carefully to prevent dust from spreading. If
pneumatic feed is employed, at least the wall, to which the pellets hit, should be of
ribber or steel plate. The pellets blown from a pump lorry wear even a concrete wall,
and concrete crush may cause problems in the fuel feeder and in the burner [Kakkinen
2000].

Pellets are conveyed to the burner either by a direct (Figure 12) or a flexible screw
(Figure 13) from the bottom of the pellet hopper. The inclination of the walls in the
lower part of the hopper should be ~ 45° from the horizontal level to allow an easy flow
of pellets to the feed screw and to prevent arching in the hopper. Uneven feed may
result in unbalanced combustion and operating troubles.

 Pellet hopper

Flexible
hose 20 m
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To guarantee an even fuel feed, the following issues should be considered in the
installation of the screw:

- The inclination of the screw shall not exceed 45°
- The lower end of the screw should be at a distance of at least 100 mm from the

bottom of the hopper
- The lower end of the screw should be at least 150 mm from the back wall
- The screw should be fastened firmly to prevent it from moving inside the hopper

[Pellx 2000].

The automated feed screw feeds pellets into a drop pipe, i.e., into a flexible antistatistic
plastic pipe, from which the pellets fall on the burner. The drop pipe is used to prevent,
by melting, possible back-fire from spreading into the pellet hopper and hence, the
propagation of the fire.

Figure 12. Pellet feed with a direct screw from the hopper into the burner
(Source: www.ecotec.net. Figure: VTT).
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Figure 13. Pellet feed with a flexible screw from the hopper into the burner
(Source: www.ecotec.net. Figure: VTT Energy).
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6.  Combustion technology

6.1 Pellet stoves

The pellet stove is an automatic combustor, which requires wood pellets and electricity
for operating and a flue for leading flue gases out. The pellet stove operates like a heat
air developer and hence does not require a water-circulated heat supply system. The
pellet stove can be used as an additional heat source in electrically heated houses and as
the main heat source, e.g., in summer cottages or equivalent spaces, which do not
require continuous heating. There are models with legs and models insertable in an
existing open fireplace. A pellet stove with glass windows allows for viewing the flame,
like an open fireplace. The pellet stove is light and does not require any massive base.
However, fire safety should be considered when constructing the installation base
[Tuomi 200].

Advantages of the pellet stove are easiness to use, small amount of ash, adjustability of
output, and rapid rise of temperature in the space heated.

The construction of a pellet stove is shown in Figure 14. There is a fuel bin for about
50 kg pellets is in the upper zone of the stove. The lower zone of the bin includes a fuel
feed screw for conveying pellets towards the grate in the front zone of the stove.
However, the screw does not convey the pellets direct onto the grate, but the pellets
drop by gravitation on it. This prevents fire from propagating into the fuel bin in case of
malfunction.

The supply of combustion air to the grate is vacuum-operated. There is a flue gas
extractor between the stove and the flue, causing a vacuum in the stove. Although the
glass door of the stove is opened during heating, no smoke appears in the room. There is
a heat exchanger with a blower in the stove for transferring heat into the room.
Therefore, the surface temperatures of the stove remain low. The operation of the stove
is controlled with a control unit at one side of the stove. The heating output can be
chosen, and there is also a screw for adjusting the equipment to the best range of
operation according to pellet grade and flue draught. This adjustment is required only
once, if the quality of pellets does not change significantly during the heating season.
The most models are equipped with electric ignition, and the stove is ignited in about
five minutes by pushing a button [Kouki 2000].
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Figure 14. Construction of a pellet stove [Figure: Whitfield]

Results obtained in combustion tests at a heating station of the TTS Institute are
presented in Table 4. The stoves were an Austrian Austroflamm Integra and an
American Whitfield Plus. Combustion proceeded evenly in both stoves and no carbon
monoxide peaks or combustion disturbances were observed [Kouki 2001].

Table 4. Measuring results of combustion tests in pellet stoves (TTS Institute).

Fuel output
KW

Flue gas
temperature °C

CO content of
flue gas, ppm

CO2 content of
flue gas, %

Combustion
efficiency, %

Nominal effect
Half effect
Minimum effect

7.1 – 9.9
4.2 – 6.6
1.9 – 3.3

150 – 166
  96 – 125

65 – 88

  44 – 318
  40 – 444
173 – 432

2.8 – 7.2
1.7 – 5.7
1.2 – 3.0

69 – 86
70 – 87
72 – 87
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6.2 Pellet burners and their maintenance

Special burners have been developed for automated pellet combustion. There are several
pellet burners in a number of different size classes (15 – 500 kW) available on the
market. Development of small-scale burners has been done in particular in Sweden and
Austria, which have longer-term traditions in pellet use than in Finland. Well-known
product trademarks are, i.a. EcoTec, PelleX, Iwabo and Janfire. Finnish-made pellet
burners have also been introduced to the market, in addition to conventional wood chips
burners. The burners for sale in Finland are presented in Appendix B.

The main principle of burners is a combustion chamber, into which pellets are fed
according to the power demand. The fuel feed is automatic and proceeds with a
motorized feed screw. The burners are divided into three main types according to the
feed direction of pellets: underfeed, top feed and horizontal feed (Figure 15).

In the top feed burner the pellets are dropped from above through a pipe onto the
burner. In the underfeed burner the pellets are extruded from below and the flame rises
upwards. In the horizontally fed burners, the flame front can be directed either upwards
or horizontally. The pellets are ignited automatically by feeding pellets into the
combustion chamber, and glowing is performed with a glow plug. After a sufficient
glowing period, combustion air is led into the combustion chamber with a blower, and
ignition takes place. After the ignition, pellets are fed into the burner in accordance with
the heat demand [Tuomi 2000a].

The most burners have several output levels to secure as a long operation time as
possible. In practice, the temperature of return water is controlled and the pellet feed is
increased or reduced automatically. When the heat demand is reduced sufficiently the
fuel feed is stopped. The burner is restarted automatically as soon as the heat demand
increases [Wood fuels basic information pack 2000].
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Figure 15. Burners of different types [Source: Malisius et al. 2000].Figure:VTT.

There are different constructions for the combustion chamber and fuel feed in use:

- Dropping cup, into which the pellets are dropped from above

- Cup or rotating drum, into which the pellets are fed from the front or from below

- Ball burner (under development, efficient and compact)

- Stoker burners (e.g., Finnish Säätötuli and Thermia), which have traditionally
been used for chips, are also suitable for pellets. In pellet combustion, a revolution
rate control is required for the stoker screw to secure the achievement of the right
feed rate [VTT Exergia 1999].
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In a Swedish PellX burner (Figure 16), the pellets are fed to the fire section (1) in the
principle of horizontal feed. Other burner parts are electrical connections (2), igniter
transformer (3), blower of combustion air (4), electronical control for output, starts,
extinguishing and control actions (5), and a dropping pipe (6), to which the screw feeds
pellets. The burner is also equipped with an overheat detector and an optical flame
control.

In a Swedish Ecotec burner (Figure 17), the pellets are fed from below to a rotating
combustion cup. The aim of the underfeed system is to achieve complete combustion, as
all particles flow through the combustion zone.

Figure 16. PellX burner of 10 – 20 kW.        Figure 17. Ecotec burner of 80 – 140 kW.
(Figure: www.pellx.com)             (Figure: www.ecotec.net)

The pellet combustion equipment is suitable for so-called direct heating, when no warm
water boiler is required. The fuel feed and control of combustion air that operate
according to heat demand secure a good efficiency and small emissions also at lower
loads. However, the use of the warm water boiler extends the operation periods and
improves the utilisation degree. The efficiency of the pellet burner and the new boiler
ranges 80 - 90%.

The burners are easy to install in new boilers. In old boilers, it can be installed with the
aid of a separate installation plate, if the boiler is suitable for pellet combustion [Tuomi
2000b).

TTS Institute has carried out combustion tests with Jäspi Pelletti 20 burner boiler at its
heating station, testing four different pellet burners. The measuring results presented in
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Table 5 are mean values of 120 minutes in continuous combustion. An Oilon Junior Pro
oil burner was used as a reference burner.

Table 5. Results of combustion tests carried out at TTS Institute [Kouki 2001].

Boiler
output

kW

Flue gas
temperature

°C

Flue gas CO
content

Ppm

Flue gas CO
content

(13% O2) ppm

Flue gas CO2
content

%

Boiler
efficiency

%
Ecotec A3 – 20 kW
Iwabo Villa S
Janfire Minor
PellX
Oilon Jurnior Pro
(oil burner)

15.4
10.0
20.3
23.0
22.5

167
133
174
191
164

272
250

54
453

11

171
233

38
289

9

12.5
8.5

11.3
12.4

9.7

82
79
77
78
84

The combustion tests indicated, that the proportion of ash and incombustibles was
significantly lower in the top-fed burner than in the other burner types. The air
coefficient of the top-fed burner was also higher, which is seen as a slightly lower
efficiency. In the underfeed burner, difficulties in ignition for full output were observed
after a long break [Kouki 2001].

Pellets can also be used in burners designed for wood chips. However, it is of utmost
significance to bear in mind that the output obtained from pellets may be even double
compared to that obtained from wood chips, and this creates problems in setting control
values. The pellets require different settings in a wood chips stoker, or else the feed rate
of the screw is too high. Therefore, it is better to use pellets as a mixture with wood
chips, when it is also possible to avoid problems due to the too high moisture content of
wood chips.

Combustion of wood chips and pellets in a Vetomat stoker and in Veto 30 boiler
manufactured by Ala-Talkkari was also compared in the combustion tests of the TTS
Institute. The efficiency of spruce chips (moisture 27%) combustion was 75.7% and the
percentage of ash and incombustibles 0.5%. The efficiency of wood pellets (moisture
7.5%) combustion was 78.2% and the percentage of ash and incombustibles 0.3%
[Kouki 2001].

Overhaul of the pellet burner during operation requires about 0.5 h/service time. Service
includes mainly ash cleaning from the burner and the combustion chamber. The most
dangerous phenomenon is so-called backfire, in which the pellets and dust ignite in the
feed pipe. This fire is prevented by using high-grade pellets (no dust or fines) and by
installing a back-draught barrier between the boiler and the pipe. In the backfire tests
performed by the TTS Institute (nil output, cover open), the backfire propagated in 3.4
hours in pellets and in 1.5 hours in wood chips [Kakkinen 2000, Kouki 2001].
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The consumers have considered the present cleaning period too short. The aim of
development work is to develop the operation of burners in such a way, that the
cleaning would be required only once a month, when the user-friendliness would be on
a tolerable level.

The following seasonal overhauls of burners are also necessary:

� The glow plug of ignition should be changed yearly, e.g., before the heating
season. The plug is like that of a diesel car and easy to replace.

� The fastening of the attachment flange and the joint-packing of the burner should
be checked annually.

� Other burner-related seasonal overhauls according to the service manual.

6.3 Pellet boilers and boiler room

The pellet boiler can be installed in a boiler designed for pellet combustion (Figure 18),
and also in most oil- and wood-fired boilers. In the boilers designed for pellets, the
technical and operational requirements have been considered, and hence, the operation
of the boiler is secured in all circumstances. In addition to Swedish and Austrian burner-
boiler combinations, e. g. the Finnish HT-Engineering Oy and Thermia Oy have
introduced combustion systems designed for pellets on the market.

It is important to consider the compatibility of the outputs when installing a pellet
burner in an old wood- or oil-fired boiler. The shape and size of the combustion
chamber of the boiler should also be suitable for the burner type chosen. The height of
the furnace should be sufficiently high in a burner that blows the flame upwards, while
the furnace of the burner blowing the flame horizontally should be sufficiently deep.
These are always case-specific problems, but it is essential that the flame does not
collide to a water-cooled boiler wall. Should this happen the combustion temperature
may remain too low and the combustion is not complete. The problem can most often be
solved by installing firebricks in the furnace. The boiler should also be easy to soot and
the ash easy to remove, if there is no automatic ash removal. As regards wood-fired
boilers, the top-fired boilers are usually most suitable for pellet burners due to their
simple construction [Tuomi 2000a].

In Finland first pellet burners were installed in existing oil-fired boilers.
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Figure 18. Pellet burner and boiler (PellX and Tulimax PEL 20).
(Figure: www.htlaser.fi).

The installation of pellet burners in old boilers should be considered carefully, as
especially the efficiency of old oil-fired boilers may remain lower than expected. Hence,
the cost of energy may be higher than expected, although savings may be gained in
investments. The burner manufacturers do not take responsibility for possible low
efficiency in old boilers.

The pellet burner can be installed in most oil-fired vacuum-operated boilers to replace
an oil-fired boiler. Usually it is possible to utilise 70 – 80% of the nominal capacity of
the oil-fired boiler, if the final temperature of flue gases is not raised. A higher output
can be reached, although at the cost of the efficiency of heating, by raising the
temperature of flue gases. This should be considered in the dimensions of the pellet
burner. There is usually enough reserve output in oil-fired boilers even for meeting the
wintertime peak load demand [Tuomi 2000a].

The dimensions and arrangements of the boiler room should be in accordance with valid
building regulations. Sufficient inlet of combustion air is of significance to the burner.
There should be an inlet air valve with a surface area of 1.5 times larger than the inside
area of the flue [Pellx 2000].

There is so far no quality determination for pellet equipment in Finland. Quality
classification for the equipment (pellet stoves, burners, fireplaces and boilers) would be
needed for consumer protection, as it would make the equipment comparable and
increase the status of pellets to the level of other energy sources. The P quality mark
system applied in Sweden A P quality marking system (P-märkning) is used for the
pellet equipment of < 25 kW in Sweden. P marking is voluntary and given by the
Swedish Testing and Research Institute (SP, Sveriges Provnings- och
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Forskningsinstitut). The conditions were agreed upon in co-operation with the industry
and authorities. The equipment should meet the minimum conditions in fire prevention,
efficiency, emissions, test combustion and use instructions [Walden 2001].

6.4 Heating containers

The heating containers include a burner, a boiler, flue gas cleaning equipment, district
heat pumps and necessary measuring equipment. Only the pellet storage bin is usually a
separate container.

The pellet burner container is usually constructed on an interchangeable platform and is
transported to the operation site with a lorry. The interchangeable platform is also easy
to remove to a new operation site. At the operation site, the heat pipes are connected
with flange joints and the electrical connection is coupled to the electrical network. In
the container, pellet heating can be installed in large real estates, industrial buildings or
separate heating networks, which do not have buildings available for heating equipment
or reservations for final heating systems. The container operates usually in the output
range of 200 – 500 kW. The heating container is also suitable for use of heating
entrepreneurs.

In Finland, i.a. HT Engineering Oy manufactures pellet burner containers. A container
is presented in further detail in Chapter 8.3.

6.5 Cocombustion of pellets with coal or oil

Concern for increasing greenhouse gas emissions has arisen the interest of energy
producers in wood-derived fuels. The competitiveness of biofuels has been improved,
e.g., by imposing taxes on carbon dioxide emissions from the combustion of fossil fuels.

Wood pellets can be cocombusted with coal in coal- and oil-fired pulverized
combustion boilers. This is applied in particular in Sweden, where the carbon dioxide
taxation since the early 1990s has made the biofuels competitive with fossil fuels.

Coal and pellets are mixed on the fuel field before crushing. The mixture is usually
combusted in the pulverized combustion boiler, and hence the pellets like coal are
crushed before combustion. It is also often possible to burn pellets alone. Cocombustion
does usually not require any other measures, but boiler fouling may slightly increase
when burning pellets.
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The most known example of cocombustion is the Hässelbyverket power plant owned by
Birka Energi Ab, northwest of Stockholm, Sweden. This power plant is Sweden’s and
probably the world’s biggest consumer of pellets. In 1998, Hässelbyverket consumed
250 000 t of pellets, i.e. a third of the 800 000 t pellet production in Sweden.

Hässelbyverket generates 210 MWth heat and 75 MWe electricity in three boilers and
with turbines connected with these. The heat is led into the western district heat network
of Stockholm, which comprises close to 50 000 households.

Each boiler includes four powder burners, which burn simultaneously crushed pellets
and oil. The percentage of pellets in the energy content of fuel is 70% at full energy
load. At full output, the proportion of pellets is 13 t/h and that of oil 3 t/h. Coal is no
more used. The only hindrance of using only pellets as fuel is the capacity deficit of
coal mills suitable for crushing pellets.

In Finland, cocombustion with coal has been tested at the power plant of Turku Energy
by replacing coal with 10 – 15 wt% of pellets. This experiment is presented in further
detail in chapter 8.4.

Wood briquettes are cocombusted, to a larger extent than pellets, with peat or wood
chips in big power plants. In 2000, the production of wood briquettes amounted to about
35 000 t, the greater part of which was burned in big power plant boilers (www.tts.fi).
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7. Finland’s pellet market

7.1 Current pellet market in Finland

In Finland, pelletisation was studied at VTT as early as in the 1980s, but the projects
were closed down mainly due to reducing oil price and hence loss of competitiveness.
As a consequence of the sharp rise of oil price towards the end of the 1990s, Finland’s
pellet market also developed quickly. The use of pellets is also supported by taxation.
When using pellets for heat generation no energy tax is paid (17.20 €/CO2 t since 1 Sept
1998), contrary to fossil fuel use. Power generation from wood fuels is supported (abt €
4.2/MWh).

Fincambi Oy in Vöyri constructed the first pellet plant in Finland in 1997 (capacity
25 000 t/a). In 1989, Biowatti Oy, a shareowner of Fincambi Oy, constructed a pellet
plant in Turenki (capacity 70 000 t/a), and in 2000, Vapo Oy commissioned a factory in
Ilomantsi (capacity 40 000 t/a). Some smaller pellet plants (production < 5 000 /a) have
been established in various regions of Finland in 1999 – 2001 (Figure 19).

The annual production capacity was about 200 000 t in the end of the year 2001 in
Finland, while the pellet production in 2001 will amount to about 90 000 t, of which
only 20% will be used in Finland. The rest will be exported to big power plants in
Sweden, the Netherlands and Denmark. The percentage of growth in pellet use in
Finland is highest in Europe.

There is an abundance of raw material in Finland. By-products of mechanical wood-
processing industry amount to 3.6 TWh/a, 13 PJ [Helynen 1999]. According to Finnish
sawmill owners, 700 000 – 800 000 solid m3 of dry raw material are formed annually,
being equal to 300 000 – 400 000 t of pellets. According to Vapo Oy, it is possible to
produce 1 mill. t/a of pellets from this readily available dry and in part wet raw material
(see chapter 7.7).

The most significant reasons for this are improved marketing and information and the
low price of pellets compared to that of oil. In spring 2001, the number of pellet-heated
one-family houses was about 400 and that of pellet heating stations in size class of 50 –
500 kW about 100, and the growth is really rapid. In addition, the power plant of Turku
Energy used 10 – 15% pellets mixed with coal. In January 2001, the price of pellet
ranged 5.6–9.4 €/GJ (20.1 – 33.8 €/MWh), depending on the delivery system and
distance, while the price of oil was about 11 €/GJ (39.6 €/MWh). Originally, the pellet
equipment was mainly imported, but today many Finnish burner and boiler
manufacturers have started their own production.
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 Figure 19. Locations and capacity of pellet plants in Finland in 2002.
(Figure: VTT).

7.2 Obstacles to development

Wood pellet market is rather young in Finland. The first pellet plant was commissioned
as late as 1998, and at first nearly the whole production was exported to Sweden.
Penetration of pellets in the Finnish heating market did not start properly until in 2000
due to the high price of oil. As usually when marketing new products, problems
appeared with the marketing of wood pellets. Technical, economical and informative
problems retarding the development of pellet market are discussed below.

Oulu 

Kuopio 
3 000 t/a

Joensuu 

Hämeenlinna 

Jyväskylä 

Mikkeli 

Maarianhamina

Turku 

Vaasa 

Tornio 

Iisalmi Lieksa 

IIomantsi 
45 000 t/a

Kokkola 

Vöyri
30 000 t/a

Keminmaa
10 000 t/a

Pori 

Rauma 

Seinäjoki 

Virrat 

Savonlinna 

Keuruu
3 000 t/a

Imatra 

Punkaharju
2 000 t/a

Lappeenranta 

Anjalankoski
2 500 t/a

Kotka 

Lahti 
Turenki

70 000 t/a

Porvoo Salo 

Hanko

Tampere 

Helsinki 

Ahvenanmaa

Suomenlahti

Po
hja

nla
hti

Ruovesi
10 000 t/a

Parkano
10 000 t/a

Kärsämäki
12 000 t/a

Vehkalahti
5 000 t/a

Rantasalmi
10 000 t/a

Saarijärvi
5 000 t/a



38

7.2.1 Technical problems

Production

High expertise is required in the pellet production. The most important challenge of
pellet producers is to produce sufficiently strong pellets that endure mechanical wear
caused by storage and transports. It is important to deliver high-grade pellets especially
on the market of household size class. In households, low-grade pellets (too much
sawdust) cause easily problems in feed equipment and reduce the efficiency of the
boiler. The consumers have considered the low strength of pellets to be the greatest
problem in use.

Reliable availability is also a very important issue for consumers when making an
investment decision. In Finland, the situation is good, as our first pellet plants started
their business by exporting practically all their pellet production to Sweden’s and
Denmark’s stabile market, and hence the slow growth of domestic demand does not
cause problems in profitability. However, the demand has grown faster than expected
due to the rise of oil price, and hence, a growing part of production is going to Finland’s
market. The risk of availability will be eliminated, while the domestic demand is
establishing.

Distribution

The pellets are mainly transported from pellet plants to distributing stores, from which
the distribution to consumers is organised. Filling and emptying of hoppers causes
strong wear of pellets despite high quality, and as a consequence sawdust is formed and
causes problems. Often pneumatically filling and discharging lorries designed for
animal fodder are used for the distribution of pellets. The wood pellets do not endure as
high pressure and flow rates than the more coherent fodder pellets, but disintegrate.

This problem can be solved by informing lorry drivers about the correct handling of
pellets and about pressures and flow rates suitable for the distribution of wood pellets.
Another alternative is to employ a lorry equipped especially for the distribution of wood
pellets, like that presented in Chapter 6.

Storage and feed equipment

Storage requires a relatively large dry space, which may be problematic especially at re-
fitting sites. The distance of the store from the combustion equipment is also restricted
at about 15 m due to technical reasons.
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Especially in the one-family houses, poorly erected stores may result in problems. The
greatest ones are due to poor tightening or poor filtering of outflowing air during filling,
when a lot of dust is spread to the environment during filling.

Technical requirements set by pellet use on the feed equipment are much smaller than
when burning wood chips. The pellets flow onto the feed screw easily and are also
easier to feed and dose to the combustion equipment than the wood chips. However,
especially the fines may cause problems in the feed of pellets.

Combustion equipment

As there is no standard marking for combustion equipment so far in Finland, there is a
risk that especially small equipment manufacturers introduce their products on the
market too soon without any proper testing. If too many such half-finished problematic
products are put on the market, the confidence of consumers in pellet heating may
collapse.

Maintenance

The availability of service may cause problems on Finland’s new pellet market. There
are so far only a few consumption equipment and skilled servicemen in Finland.

7.2.2 Other problems

Lack of information

Despite the intensified marketing and increasing popularity of pellet heating, lack of
information and confidence in the new heating method continue to be the greatest
retarders of market development. Wood heating is still being considered a messy and
laborious form of heating, like chopped firewood.

Not only the household consumers, but also politicians, municipalities, district heat
companies, power plant engineers, architects and maintenance companies suffer from
the lack of information. These decision-makers often play it safe when deciding about
the heating method and hence choose the well-known oil or electrical heating instead of
pellet heating.

The effect of data distributed in publications and folders is only limited. Many present
pellet heaters have wished to visit a site in operation before making the final decision
about switching over to pellet heating. Visits to users of different size classes, organised
by equipment manufacturers and pellet producers give the consumer confidence in
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pellet heating. Increasing participation in various energy, dwelling and repair occasions
and fairs gives publicity to possibilities of visiting model sites.

Attitudes

Attitudes are of great significance when choosing a heating system. If the consumer has
a 20-year experience from some heating system, the decision about changing the
heating method may be difficult despite sufficient information.

Economy

One of the most significant issues that affect the consumer’s decision is the cost-
effectiveness of the heating method. This is affected not only by fuel price but also by
investment costs. An old operable heating system is not easy to change to a new one due
to the initial investment, although the pay-back time were not long. Changing over from
direct electrical heating to pellet heating is especially expensive in one-family houses
due to the lack of central heating.

7.3 Market development with SWOT analysis

The competitiveness of pellets can be estimated with the aid of a so-called SWOT
analysis (Table 6). In this analysis, the Strengths, Weaknesses, Opportunities and
Threats are surveyed. Then it is considered, how to further improve the strengths, how
to get rid of weaknesses or how to replace them (so far it is necessary for the activity),
how the opportunities can be realised or how to combat the threats. The time
perspective of the analysis is from the present to the future.
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Table 6. SWOT analysis.

Strengths of pellet business:

- Renewable indigenous fuel
- Tight and homogeneous fuel
- Environmentally friendly energy form, in

particular as regards CO2 emissions
- Easy to handle, use and transport
- Burns cleanly, small ash amount
- Does not froze or mould
- Small storage requirement
- High energy content
- Good availability and low price of raw material
- Stabler price than that of competing fuels
- Diverse suitability from stoves to big power

plants

Weaknesses of pellet business:

- Poor knowledge among consumers
- Weaknesses due to the new market
- Price of equipment higher than that of

competing one
- Insufficient fuel service system so far
- High transport and distribution costs, lack of

special transport vehicles
- Lack of pellet standard
- Lack of quality marking for use equipment
- Product development still in infancy
- Particle emissions
- Heating system binds the user

Strengths of the environment of pellet business:

- Instability of prices of import fuels, especially of
oil

- Increasing price of electricity
- Energy politics favouring indigenous bioenergy
- Increase in the production of mechanical wood-

processing industry; lowering the price of pellet
raw material

- High growth potential
- Increasing environmentalism

Threats of the environment of pellet business:

- Environmental policy unsuitable for pellets
- Standstill of exports to Sweden and Denmark
- Raw material shortage, if cutter shavings and

sawdust are used for other purposes or if the
production of mechanical wood-processing
industry is reduced

- Reduction in prices of import fuels
- Competing indigenous alternatives: wood chips

and earth heat

When analysing the strengths, it is seen that there is no much changes for improving
them (e.g. degree of domestic added value, energy content, CO2 emissions, etc.). On the
contrary, it is easier to correct weaknesses. In particular, attention should be paid to
making the product known among the consumers. The pellet standard and the quality
marking are of significance especially to small-scale consumers, in order to guarantee a
sufficiently high quality of pellets and hence the confidence of consumers to them.

It difficult to affect threats and possibilities of the environment. The easiest way is to
inform political decisions-makers about the importance of pellet operations to the
environment, national economy and employment, when there would be full
qualifications for an energy policy favouring indigenous bioenergy. The environmental
expertise of consumers can also be improved by informing about differences in
emission amounts from the combustion of pellets and fossil fuels.
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7.4 Price formation of pellets

The consumer price of pellets is based on production costs, transport costs, taxation and
business profit. The production costs can be sub-divided to capital costs, raw material
costs and other operating costs. It is difficult to itemize costs exactly, as the pellet
producers regard the costs as business secrets.

Capital costs

The capital costs consist of investments and interests. The investment costs include
buildings, machineries, equipment, and transportation equipment. The investments of
the pellet plants constructed in Finland have so far been moderate, as the factories have
been constructed in old buildings, and hence the building costs have been low. Jaakko
Pöyry Consulting Oy estimated in 1996, on the basis of invitations of tenders, that the
capital costs of a factory producing 42 700 t/a pellets were about 252 500 €, i.e. about
0.34 €/GJ (1.2 €/MWh) [Ebeling 1996].

Raw material costs

Sawdust and cutter shavings used as raw materials of pellets are by-products of wood-
processing industries. These products can also be used for pulp production, as fuels of
heating stations or, e.g., as litter.

The price of cutter shavings (moisture content 10 – 15%) was about 1.9 €/GJ (6.8
€/MWh) and that of sawdust 1.2 – 2.2 €/GJ (4.3 – 7.9 €/MWh). For 1 t of pellets, about
6 bulk m3 of sawdust (moisture 50 – 55%) or about 7.5 bulk m3 of cutter shavings
(moisture 10 – 15%) are required. However, the use of cutter shavings is more feasible,
as no drying before compression is required. Hence, savings are gained both in
investment and operation costs. The price of cutter shavings for 1 t of pellets is about
8.3 €. For the time being, pellets are produced nearly solely from cutter shavings in
Finland [Kakkinen 2000].

Other operating costs

The fixed costs include wages, salaries and social charges of operating staff, service,
repairs and insurances. The variable costs include, in addition to raw material costs,
electricity and auxiliary fuel costs and insurances. The variable costs are highly
dependent on the capacity, age and construction of the pellet plant. Jaakko Pöyry
Consulting Oy estimated the total operating costs of a pellet plant producing about
40 000 t/a of pellets at about 2.86 million €), i.e. about 3.9 €/GJ (14.0 €/MWh) in 1996
[Ebeling 1996].
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Transport costs

The transport costs are dependent on transport equipment and distance. The costs with
heavy blow lorries are most extensive, about 50 €/h and the kilometre cost 0.5 €/km.
The transport capacity of the lorry is 40 t. Vapo Oy estimates the share of transport on
average at 10% of the final price of pellets.

Total costs

According to Austrian evaluations the total production costs are from 73.5 to 94.6 €/t if
the process need drying and without drying from 52.2 to 81.3 €/tpellets. The distribution
of the costs are presented in the Figure 20. The costs of drying depending about the
technology are from 25 €/tpellets to 29 €/tpellets. The production costs are also depending
on the annual operation time. If a plant is running in 3 shifts 7 day in a week, costs are
84 €/tpellets, in 3 shift only 5 day a week 90 €/tpellets, 2 shift and 5 days a week 101 €/tpellets

and for 1 shift and 5 days a week 133 €/t.[Thek et al. 2001]

Figure 20. Production costs distribution left with drying and right without drying
[Thek 2001].

Taxation

The competitiveness of pellets is significantly dependent on taxation. The Finnish
energy taxation system applied since 1998 favours wood fuels. Contrary to the
combustion of fossil fuels and peat, no energy tax is levied on the combustion of wood.
For example, the tax of coal combustion is 41.37 €/t, i.e., 1.6 €/GJ (5.8 €/MWh), and
that of heavy fuel oil 0.05 €/kg, i.e. 1.3 €/GJ (4.7 €/MWh). In power generation, the tax
subvention on wood is 4.2 €/MWh.
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Business profit

Profit-seeking, included in business activities, is a part of the final price of pellets. Both
the producer and the retailers seek profit. The share of business profit in the total price
of pellets is highly dependent on competition.

7.5 Economic competitiveness of pellets with other fuels

Calculations of the cost of various heating systems in two size classes, 20 and 200 kW,
carried out for the Climtech Research Programme coordinated by VTT Energy, are
presented in Appendix D. The calculations also help in identifying cost relations of
different heating systems in other size classes. Both comparisons employ 15 years as
reference period and 6% as interest. Both the investment costs and the fuel costs include
taxes [Flyktman 2001].

In the size class of 20 kW, sod peat, peat pellets and wood pellets, wood chips, chopped
firewood, light fuel oil, natural gas, electricity and district heat are compared. In the size
class of 200 kW, chopped firewood is replaced by pyrolysis oil.

Depending on the situation, it is feasible to compare only some fuels with each other.
For example, natural gas or district heat is not availab everywhere, or if the amount of
work is of great significance, chopped firewood and electric heating cannot be
compared with each other.

20 kW – one-family house

20 kW is a typical size class of one-family houses. The calculation is based on 21 MWh
annual heat consumption.

The most general heating forms of one-family houses in Finland are district, oil and
electric heating. Heating with chopped firewood is also used to some extent. When
comparing these heating systems it should be borne in mind that district heat is available
only within the district heat network.
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Wood pellet heating is economically competitive with electric and oil heating (Figure
21) in the size class of 20 kW, if the fuel price is 7.5 €/GJ (27€/MWh) for wood pellets,
11.2 €/GJ (42 €/MWh) for oil, and 14.5 €/GJ (52.2 €/MWh) for electricity. Heating with
chopped firewood or wood chips is more favourable.

Figure 21. Mean price of heat in the size class of 20 kW [Flyktman 2001].

200 kW – large buildings

The size class of 200 kW includes large real estates, like schools, health stations, terrace
houses, etc. The calculation principle is similar to that employed for the 20 kW class,
but the price of wood pellets is reduced to 5.6 €/GJ (20.2 €/MWh) when delivered in
larger batches. This improves further the competitiveness the wood pellets with oil and
electric heating. The price of wood chips remains competitive, as their fuel cost is also
reduced in larger units. However, the use of wood chips is not technically possible in all
cases.

The main part of heating costs for wood chips, wood pellets and sod peat is due to fixed
costs: investment, heating and control costs (Figure 22). In electric and oil heating, the
typically highest cost items are due to energy costs.
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Figure 22. Mean price of heat in the size class of 200 kW [Flyktman 2001].

7.6 Sensitivity analysis

As the pellet market is fairly new in Finland, the price difference of pellet equipment,
e.g. to oil heating, will in all probability be reduced with the progress of product
development. This will further improve the competitiveness of wood pellets. The most
significant risk factor will be the fuel price. In particular, the price of oil has been
unstable. In 2000, the oil price ranged 9.8 – 14.8 €/GJ (35.3 – 53.3 €/MWh). The price
of wood pellets, produced from indigenous raw material, was much stabler and easier to
forecast. The highest allowed price of pellet for a certain oil price in the size class of 20
kW is shown in Figure 23.
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Figure 23. Price relation of wood pellets and oil for a certain heat production cost
[Flyktman 2001].

7.7 Possibilities of market development

There are good possibilities of development on the pellet market in Finland. The market
has developed quickly, and the number of enterprises is growing (Appendix B and C).
The strengths indicated by the SWOT analysis are sustainable and the weaknesses
relatively easy to be eliminated. Economic analysis also indicates the competitiveness of
pellets, in particular, with oil and electric heating.

There are about 300 000 oil-fired one-family houses in Finland. The majority of these
houses were built in the 1960-1970s, and hence the greater part of heating boilers
should be replaced soon. The use potential of pellets in houses fired with light fuel oil is
shown in Figure 24 according to a study carried out by Electrowatt-Ekono at the request
of Vapo Oy. The techno-economic use potential of pellets for replacing solely light fuel
oil is estimated at about 7.5 TWh (27 PJ), i.e., 1.6 million t of pellets [Vapo Oy,
Huhtanen 2001].

An electric utility company of Kainuun Sähkö Oyj had a market study made in Talous-
tutkimus Oy (an economic planning office), in which the interest of house-owners
heating with oil to change over to pellet heating. Taloustutkimus Oy interviewed by
phone 1 250 households and 1 000 enterprises and corporates in autumn 1999. The
survey indicated that about a fourth of present oil heaters would be ready to change over
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to using pellets as a source of heating energy. This would be equal to 1.8 TWh (6.5 PJ)
consumption, i.e. about 380 000 t pellet consumption annually, when considering the
economically feasible sites. The growth potential is hence significant [Kakkinen 2000].

Building heating        
16.7 TWh (60.1 PJ)

Heat and power 
production          

0.5 TWh (1.8 PJ)

Others                
11 TWh (39.6 PJ)

One family houses         
56.7%=9.5 TWh (34.2 PJ) 
P:10-15 kW, tk=1050h       
Boilers: 300 000 (10.4 
TWh,37.4 PJ)                    
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TWh,34.2 PJ)          Econ 
pot. 55 000 (1.8 TWh, 6.5 
PJ)

Municipal district 
heating plants 
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6 (0.02 TWh, 0.07 PJ)  
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Light fuel oil                 
Total consumption 28.8 TWh 
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Greenhouses             
0.6 TWh (2.2 PJ)

Figure 24. Potential of pellets at sites presently heated with light fuel oil (Vapo Oy,
Huhtanen 2001].
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8. Cases
A couple of pellet heating cases are presented in this chapter. Successful examples of
changing over to pellet heating are needed to encourage consumers in choosing wood
pellets as fuel. The examples present the whole chain from production to consumption
site. The cases have also been published in Finnish and English in the OPET Network
website www.tekes.fi/opet.

8.1 Kiihtelysvaara municipality

The municipality is located in northern Karelia, about 35 km east of Joensuu. There are
2 700 inhabitants in the municipality of 530 km2. The inhabitants obtain their livelihood
from agriculture and forestry, and increasingly also from plastic and carpentry
industries, trade and other services. The municipality decided to change over to pellet
heating in its office block in August 2000. Previously the office block, including the
municipal offices, library and the station of the regional fire department, was heated
with firewood and electricity. The heated space of the office block is 10 340 m3. After
careful consideration, the criteria for selecting wood pellet heating were clear: low price
of wood pellet heating, its domestic origin, and user-friendliness in comparison to
former firewood heating. Good experiences abroad also supported the decision to
change over to pellet heating.

Introduction

The pellet burner was installed in the old boiler (Figure 25), and the investment was
moderate, € 33 360. The 300 kW burner Swedish EcoTec was commissioned by JPK-
Tuote Oy, Joensuu, Finland. The investment also comprised a new fuel bin of 25 m3 and
screw conveyors. The pellets are conveyed from the bin with a bottom screw and further
with a screw conveyor into the burner. The screw conveyor is activated by the signal of
the pellet level controller in the rotary vane feeder. The pellets are conveyed with the
screw into the furnace, in which they cover the whole grate. Air is blown underneath the
grate. There are air holes in the grate allowing airflow from below the pellet bed. Ash is
removed over the furnace walls onto the boiler floor and further conveyed by a screw
into two 50-litre ash containers. The burner is automatic and requires only little
maintenance. It contains an airtight rotary vane feeder, a powder extinguisher, and a
thermistor for monitoring backfire. The efficiency of the boiler is about 80%.

The cost of heat, excluding tax, has been calculated at 8.8 €/GJ. This includes the
investment in equipment, about 1.9 €/GJ. However, the price may rise by about 0.5
€/GJ, if a flue gas blower and a fly ash separator need to be constructed. The 25%
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investment subsidy obtained from the Ministry of Trade and Industry has not been
deducted from the heat price. The consumption of pellets is estimated at about 100 t/a,
which as energy equals to about 500 MWh. The fuel bin must be refilled approximately
every 10 days in wintertime, while once a month is sufficient in warmer periods.

Figure 25. Mr. Matti Nurmiranta, Municipal Engineer, is satisfied with pellet heating
(Figure: Vapo Oy).

Vapo Oy Energy delivers the pellets from its pellet plant in Ilomantsi, the transport
distance being 50 km. A lorry developed by JPK-Tuote Oy, suitable for pellet
distribution, is used in transportation.

The pellet plant in Ilomantsi has been producing wood pellets since about a year. The
plant has formerly produced peat briquettes. The existing plant made it possible to start
the production at moderate investments. Recently, two new pellet presses, trade mark
Bühler, and a hammer crusher were commissioned. The total investments amounted to
about € 8.4 million. The design output of the plant is 45 000 t, i.e. about 216 GWh/a
(0.8 PJ) of wood pellets. This amount is equal to the annual energy demand of about
10 000 one-family houses. Half of production is consumed in Finland, mainly in South
Karelia, and the other half is exported primarily to Sweden, the Netherlands and
Denmark. The inland waterway port of Joensuu is located at a distance of less than one
hour’s drive from the plant, from which the pellets are transported further by ships via
the Saimaa Canal abroad. The transports to the port of Joensuu, or to sea ports of other
towns are executed by road or by rail.
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Commissioning of Vapo Oy’s pellet plant was considered an important venture in North
Karelia. The project was supported by the Employment and Economic Development
Centre for North Karelia, by the Union of North Karelia, through which also EU
financing was obtained, and by the Municipality of Ilomantsi. It was the most important
industrial political project in the Ilomantsi municipality of 7 000 inhabitants in 1999.
The municipality wants to develop the use and production of wood fuels in Ilomantsi.
The pellet plant contributes significantly to the employment of the municipality.

The cutter shavings, grinding dust and sawdust, used as raw material of pellets by Vapo
Oy (Table 7), is purchased from enterprises of mechanical wood-processing industry.
The major part of raw material consists of cutter shavings. The raw material is stored
inside, and hence dry raw material is always available. When required, a fluidised-bed
dryer is used for drying the raw material suitable for pellet production. Steam is used in
pellet production for softening and heating the raw material, when wood lignin melts
and binds the raw material tight. In this way, the solid shape and glossy surface of
pellets are formed. The pellets are cooled before storage.

Table 7. Properties of Vapo wood pellets.

Size

Energy content

Moisture content

Ash content

Raw material

Bulk density

Space requirement

Diameter 8 mm, length 10 – 20 m

4.8 MWh/t (17.3 MJ/kg), i.e. 3 MWh/bulk m3

8 – 10%

0.4%

Cutter shavings, wood grinding dust, sawdust

650 kg/bulk m3

1.5 m3/t

Decision of Kiihtelysvaara Municipality Council

The Municipality Council decided, that Kiihtelysvaara Municipality will change over
from oil heating to using indigenous fuels in all municipal buildings within the next
three years. As the heating system of the municipal office block was a success, the fuel
will in all probability be wood pellet. A district heating station fired with wood chips
would be too expensive, as the municipal buildings are located scattered and far from
each other. As the pellet price ranges 5.6 – 7.0 €/GJ (20.1 €/MWh – 25.2 €/MWh) and
the oil price ranged 3.9 – 50.45 14.0€/GJ in early 2001, the investments are quickly
amortized and money stays in Karelia. The oil-fired burner will first be replaced in the
activity centres and schools and in the health centre, in which the old oil-fired boiler can
be in operation during the work.



52

Table 8. Technical data of Kiihtelysvaara.

Output of the pellet burner

Fuel

Heated cubic content

Energy output

Pellet consumption

Investment costs

Start-up of operation

300 kW

Wood pellets

10 340 m3

500 MWh/a

100 t/a

€ 33 640

8/2000

8.2 Valamo Monastery

The Orthodox Monastery of Valamo (Figure 26 and 27) is located in Heinävesi, about
60 km west of Joensuu, on the boundary of provinces Savo and North Karelia. The
monastery is an active orthodox cultural centre with more than 100 000 visitors
annually. About a dozen monks reside in the monastery permanently. The monastery
offers a wide variety of services for tourists, as the monastery shall be self-sufficient
according to an old tradition. More than 200 visitors can be accommodated. There is
also café-restaurant, winery and shop, cruising boat, souvenir shop, meeting and
exhibition rooms, library, monastery museum, conservation unit and educational
institute in Valamo. The volume of heated space is about 40 000 m3.

Figure 26. Valamo Monastery and its treasurer, monk Andreas (Figure: Vapo Oy).
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Background

Valamo Monastery changed over to heating with indigenous wood pellets instead of
wood chips and expensive fuel oil in November 2000. The aim was to lower the heating
costs and to reduce the amount of work required for heating. It was not possible to burn
wood chips in the old boiler, when the heat consumption was small. Hence, all heat had
to be generated by using oil in warm seasons. The savings are substantial, as the price of
indigenous wood pellets is presently about a half of that of oil.

Project presentation

Valamo Monastery and Vapo Oy Energy signed the first heating contract in September
2000. Valamo was Vapo’s first heat customer, for which the heat is produced from
pellets. The contract is for 15 years. Vapo Oy modernized the old heating station of the
monastery, which consumed up to 100 000 l/a of fuel oil and required regular
attendance. About 33 650 € were invested on installing a pellet burner in the old chips
fired boiler, a feed screw from the fuel store to the burner, and an ash removal screw.
Vapo Oy made the investment and rented the heating station from the monastery, which
in turn buys heat from Vapo Oy and is in charge of the heating station.

The pellets are stored in the old chips bins. Two screw conveyors were installed for
conveying pellets from the bin to the day hopper. The surface indicator of the hopper
activates the screw. The screw conveys the pellets evenly into a round furnace. There is
an air space in the furnace for air blown with a centrifugal blower. Combustion takes
place on the outer walls of the furnace. Ash is carried over the walls onto the boiler
floor, from which a screw conveys it into an ash container outside the plant. The wood
pellet burner GrandeG400, output 400 kW, was commissioned by JPK-Tuote Oy
(Figure 27). A programmed logic controls all operation of the burner. A heat recovery
system was also installed in the place of the earlier feed door to control the heating of
the store chamber. The output of the feed door is about 55 kW and it is connected to the
mixing circuit of the boiler. The design efficiency of the boiler is 85%.

The energy output of the modernized Valamo heating station is about 2 000 MWh/a and
the pellet consumption about 440 t/a. Of the annual energy consumption, about 90% is
produced from pellets and the rest from oil. The renewed heating station is automatic,
and the service engineer of the monastery attends to maintenance. There is also an oil-
fired boiler in the station, which can be used as an emergency heater. The pellet heating
was started without any problems in November 2000. It has operated well and no oil has
been needed.
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Figure 27. GrandeG pellet burner. Figure: Suomen Lämpöyhtymä Oy.

Pellet production

Ilomantsi Pellet Plant of Vapo Oy deliverers the pellets, the transport distance being
about 130 km. The pellet plant is presented in Chapter 10.1.

Environmental impacts

Wood pellets can replace fossil fuels in energy generation. The combustion of wood
pellets does not increase carbon dioxide emissions, as the carbon dioxide released is
bound in the new growth of forests. The carbon monoxide and nitrogen emissions from
correctly adjusted combustion equipment also remain low, as the combustion proceeds
controlled due to the homogeneity and even feed of the fuel. The energy generation
from wood pellets being about 2 000 MWh/a in Valamo Monastery, the carbon dioxide
emissions are about 530 t lower than in the case the same energy amount were
generated from light fuel oil.
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Table 9. Technical data of Valamo heating station.

Output of pellet burner

Fuel

Volume of heated space

Energy production

Pellet consumption

Investment costs

Start-up of operation

400 kW

Wood pellets

40 000 m3

2 000 MWh/a

440 t/a

€ 33 640

11/2000

8.3 Pellet heating container at Haapamäki

Haapamäki village is located in the municipality of Keuruu, Central Finland, about 70
km west of Jyväskylä City. The village chose pellet heating instead of oil for its district
heat network. A pellet heating container, commissioned in July 2000, proved a more
profitable long-term alternative than oil heating, while wood chips heating was
considered too laborious to operate. Interest in introducing new technology in Finland
and desire for supporting local business activities also contributed to the decision.

Project presentation

The pellet heating container of Haapamäki village (Figure 28) was manufactured by HT
Engineering Oy. The heating container includes a burner, a boiler, flue gas cleaning
equipment, district heat pumps and necessary measuring equipment. Only the pellet
storage bin is separate. The container is constructed on an interchangeable platform, and
hence the transport was easy. At the site, the heat pipes were installed with flange joints
and the electrical connection of the container was switched on. Such a container on the
interchangeable platform is also easy to transport to a new site, e.g., to large real estates,
industrial buildings or different heat pipelines, when no buildings are available for heat
equipment or if there is no reservation for final heating. The heat container is also
suitable for the use of heat entrepreneurs.
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Figure 28. Pellet heating container and fuel bin (Figure HT Engineering).

The output of the burner, Pelletti 400, installed in the container, ranges 200–500 kW.
The pellets burn on a grate constructed of parallel fire-resistant pipes. A slide, travelling
above the pipes, pushes the pellets forward until ash falls onto the bottom of the boiler.
This type of grate makes it possible to blow secondary air through the grate pipes and
simultaneously to cool them and to ignite the essential fire in front of the grate. The
construction improves the availability of combustion air and extends the service life of
the grate. One advantage of the pipe grate is also easy maintenance, as ash is removed
between the pipes at the latest when the slide travels over the pipes. Worn pipes can be
replaced one by one when required.

The programmed logic of the computer-controlled unit of the burner attends to, i.a., the
inverter control of the grate-cleaning scraper. An automatic system removes ash by
pushing slowly towards the boiler and pulling the scraper quickly back. Automatics also
rises the output gradually, and hence combustion continues to be clean.

During service and cleaning, the wheel-equipped burner (Figure 29) is drawn off from
the boiler. It is not necessary to disconnect the drop pipe that feeds pellets.
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Figure 29. A pellet burner drawn off from the boiler (Figure: HT Engineering).

The boiler manufactured by Tulimax is 2 x c 1.5 x 1.5 m in size and its water volume is
1 240 l. A flue gas recycling system, located at the back of the boiler, recycles part of
flue gases through the cyclone back into the boiler and maintains the underpressure
required in case of fire. The boiler is easy to clean, as there is not much ash left inside.

Output values and other necessary data are recorded by measuring equipment in the
container. The Cirex CS 1200 expansion system installed in the container is not needed
in a district heat network, but it is ready in case of own network. The container also
includes district heat pumps.

The pellets are stored in a separate bin of 40 m3 close to the container, fed with a screw
to the burner, and dropped through a flexible plastic pipe onto the burner. In case of
backfire the drop pipe melts off and prevents propagation of fire into the pellet bin.

The container generates about 2 000 MWh/a of heat into the network, substituting for
about 200 000 l of light fuel oil. The costs of the container amounted to about 168 200€.
The Finnish Ministry of Trade and Industry subsidized the project by 20%.

Pellet deliveries

The pellets are transported from Keurak Oy to Haapamäki with a blow lorry. The
company produces 30 000 – 35 000 m3/a of surfaced sawn timber. About 30 000 m3/a of
cutter shavings are produced as by-product and processed to wood pellets. The
production of pellets is about 3 000 t/a. The pellet plant commissioned in September
2000 is he first one constructed close to the production site of raw material. The
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moisture content of cutter shavings ranges 10 – 20%, while that of sawdust from the
hammer mill is only about 10%. The pellets pressed in a core die are packed in 900 kg
bags or delivered in bulk.

The investment cost of the plant amounted to about 252 000 €, for which the Finnish
Ministry of Trade and Industry granted a subsidy of 20%. One worker operates the plant
about 8 hours a day, but it is also possible to increase the production by buying sawdust
and cutter shavings from other enterprises in the region. Keurak is also planning to
construct a pellet-heated heating station of 0.5 MW for its own use. The price of pellets
at mill is 110 €/t (abt. 5.4 €/GJ, 19.4 €/MWh).

Table 10. Technical data of Haapamäki site.

Output of pellet burner

Fuel

Energy production

Pellet consumption

Investment costs

Start-up of operations

500 kW

Wood pellets

2000 MWh/a

abt. 420 t/a

abt. 168 200 €

7/2000

8.4  Turku Energy

Oy Turku Energy is a joint-stock company owned by the City of Turku. It produces
power and district heat and related services to its customers. In addition to heat and
power generated in own stations, the company buys heat from Fortum. The district heat
network of Turku Energy covers 85% of the 172 000 inhabitants of Turku. In 1999, the
turnover was 102 million € and the number of employees was 304.

Background

As the price of coal increased by 30% a year, taxation favours wood fuels and an air
protection decision was made, Turku Energy decided to test combustion of wood pellets
mixed with coal in its Linnakatu power plant (Figure 30). The employees of the power
plant also made a study tour to Hässelby power plant in Stockholm, Sweden, where
250 000 t/a of pellets are combusted.
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Figure 30. Linnankatu Power Plant in Turku (Figure: Turku Energy).

Project presentation

According to the supply contract with Turku Energy, Biowatti Oy supplies wood pellets
to the Linnankatu Power Plant of 100 MW. The plant is in operation only during the
wintertime peak load, during 4 – 5 months depending on the year, and generates power
to the national grid and heat to the district heat network in relation to the market
situation. So far, the power plant has fired only coal. According to the new contract,
combustion of wood pellets are tested by generating about 25 GWh from wood pellets.
This energy amount requires about 5 000 t wood pellets and 3 500 t coal. The carbon
dioxide emissions from the power plant will be reduced by 8 500 t.

In the test, 10 – 15 wt% of pellets are mixed with coal at the coal-receiving building.
This is equal to 6 – 7% of output. The pellets are crushed with the same hammer mills
as coal and burned as dust.

The investment in the test with wages and salaries were only about 3 360 €. Hence, no
additional investments were required, except for an old chicken-feed bin bought for
wood pellets, the cost of which was 420 €.

The test with pellet mixture did not cause any greater problems. Fouling increased
slightly on the back wall of the boiler, and bouncing of light pellets on the belt conveyor
was a minor problem, which was eliminated by building a small wall.

Turku Energy has not yet made a decision to continue the test. However, the rising coal
price improves the competitiveness of pellets. In January 2001, the price of one GJ coal
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was 3.6 € and that of GJ pellets 4.7 €. Power generated from pellets is supported by 4.20
€/MWh. The price of heavy fuel oil, from which Turku Energy also generates heat, was
7.0 €/GJ (25.2 €/MWh).

Pellet deliveries

Biowatti Oy, which is an affiliate of Metsäliitto Corporation, delivers the pellets from
its Turenki plant to Turku. The capacity of the pellet plant, established in an old sugar
mill in 1999, is about 70 000 t/a. This requires drying of raw material, i.e. sawdust,
before pelletisation, as the amount of dry cutter shavings last only for the production of
20 000 t/a.

Biowatti Oy transports one load of pellets a day, i.e. about 35 000 kg, with a full trailer
combination truck to the power plant. The load meets the consumption of 24 hours. It is
blown pneumatically from the lorry into the old chicken-feed bin used for intermediate
storage. After the start-up of the experiment, Turku Energy is the largest consumer of
wood pellets in Finland.

Environmental impacts

The combustion of wood pellets does not increase carbon dioxide emissions from power
production, as the carbon dioxide release is bound in the new growth of wood stand.
The carbon dioxide amount released from the power plant will be reduced by 8 500 t,
when pellets are used for replacing coal. In the future, the proportion of pellets can be
increased, if their use proves to be economically feasible. The pellets do neither contain
any sulphur. Possible reduction of nitrogen oxides in flue gases will also be monitored.

Table 11. Technical data of the power plant of Turku Energy.

Boiler

Fuels

Pellet consumption

Investment costs

Start-up of pellet combustion

100 MW

Coal and wood pellets

25 GWh, equal to 5 320 t/a

3 364 €

12/2001
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9. Summary and conclusions
Wood pellets are wood fuels compressed from the by-products of mechanical wood-
processing industry. Fuel pellets can also be compressed from other raw materials, like
straw, manure, peat and municipal waste.

The most significant pellet markets have developed in the United States, Canada,
Sweden, Denmark, Finland, Austria, and Germany. The pellet market has developed
intensively in particular in the European countries in recent years, and a lot of research
is being done. The EU countries have also increased co-operation in improving product
development and marketing related to pellet business.

The stages of pellet production process were presented: possible drying of raw material,
grinding, compression with a flat or ring die, cooling, sieving, and package/storage.
Finland’s pellet production amounted to 90 000 t in 2001, the production capacity being
about 200 000 t. The largest pellet plants are located in Turenki, Ilomantsi and Vöyri
municipalities. There are also some smaller-scale plants in operation.

The pellets are delivered in bulk, large bags or small bags either by pellet producers or
by local retailers. The most feasible and profitable method is to distribute pellets with
pneumatically blowing tank lorries.

There are still a number of problems in pellet use, the greatest one being the strength of
pellets and the quality level of operation equipment. Easily crumbling pellets cause
arching in bins, pulverisation in operation equipment and dust. Ash sintering has also
been observed in some equipment. However, these problems have been identified, and
product development is going on to improve the quality of operation equipment.

The pellets are economically competitive with oil and power. In comparison of oil and
pellet heating methods, it is seen that the investments in oil firing are more profitable.
However, pellet heating is more profitable in long-term use. The consumers should be
made to understand this. An advantage is also that the pellets are also indigenous and
ecological products.

As regards the raw material and use potential, Finland has good chances of expanding
pellet business. It would be possible to produce a million t/a of pellets from easily
available, dry and in part moist materials. The potential of replacing light fuel oil is
estimated at 1.6 million t/a of pellets.
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Appendix A. Pellet producers in Finland
Vörå Finncambi Oy, Vöyri
Capacity: 30 000 t/a.
Annual production: 25 000 t/a
Contact: Mr. Stefan Skata,
Phone +358 6383 6112,
Phone +358 500 163 182, fax +358 6383 6014

Haminan puunjalostus Oy, Vehkalahti
Capacity: 5 000 t/a, production 3 000 t/a
Sales through Vapo Oy
Contact: Markku Laitila
Phone: +358-5-345 8390
e-mail:markku.laitila@pp1.inet.fi

Hehkupelletti Oy, Saarijärvi
Capacity: 2 000 t/a.
Production: 1 000 t/a
Phone/fax +358 14 421503,
e-mail:hehkupelletti@hehkupelletti.inet.fi

Ilomantsi Plant, Ilomantsi
Owner: Vapo Oy
Capacity: 45 000 t/a. Production:25 000 t/a
Contacts: Jaakko Silpola, phone +358 40 554
6954, fax +358 14 623 5707, e-
mail:jaakko.silpola@vapo.fi, www.vapo.fi

Keurak Oy, Keuruu
Capacity: 3 000 t/a. Production: 3 000 t/a
Phone +358 14 754 0400,
fax +358 14 754 0421, e-mail:keurak@co.inet.fi

Paahtopuu, Ruovesi
Capacity: 10 000 t/a. Production: 7 000 t/a,
sales through Vapo Oy
Contact: Jarmo Ovaskainen,
phone +358 3 47 66 288, fax +358 3 4766 299

Parkanon Pellet Oy, Parkano
Capacity: 10 000 t/a, Production 7 000 t/a,
sales through Biowatti Oy
Phone: +358 3 448 3099

Punkaharjun Pellet Ky, Punkaharju
Capacity: 2 000 t/a. Production 1000 t/a
Phone: +358 15 441 850

Lapin Ekolämpö Oy, Keminmaa
Capacity: 10 000 t/a, production 7 000 t/a,
Sales through Vapo Oy
Contact: Ismo Säily,
Phone. +358 16 276 174

Savon Bioenergia, Rantasalmi
Capacity: 10 000 t/a, Production 3 000t/a,
operation started in 2002
Contact Mikko Lappalainen,
Phone: +358-40-550 8115
e-mail:mikko.lappalainen@pel-tuote.fi

Scan pellet Oy, Kärsämäki
Capacity: 12 000 t/a,
Production 6 000 t/a,
sales through Biowatti Oy and Vapo Oy
Contact: Markku Koski,
phone: +358-40-868017

Turenki plant, Turenki
Owner: Biowatti Oy
Capacity: 70 000 t/a
Contact: Martti Savolainen, phone +358 46
58691, + 358 10 46 58149,
Fax. +358 10 46 94298
e-mail:martti.savolainen@biowatti.fi

Umacon Oy, Kuopio and Anjalankoski
Capacity: Kuopio 3 000 t/a,
production 2 500 t/a
Anjalankoski capacity 2 500 t/a
Contact: Mikko Nummela,
phone +358 5 363 5475,
fax +358 5 363 6235
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Appendix B: Pellet burners, stoves and
boilers available in Finland

Hankkija-Maatalous sells through Agrimarket shops Swedish Bentone P20-pellet
burners, which output is 20 kW. This horisontally feeding pellet burner is imported by
Callidus Ab.

A.J.A. Import Oy sells Swedish VillaS 20 kW pellet system (top feeding system).

HT Enerco Oy, Haapamäki, sells Swedish PellX. and own Pelletti pellet burners
(horisontally feeding) and Tulimax pellet boilers and imports Calimax pellet stoves.

Trade name Capacity, kW Accessories

PellX burner

Pelletti 20 burner

Pelletti 200 burner

Pelletti 300 burner

Pelletti 400 burner

Pelletti 500 burner

Pellet container

Pellet container

Pellet container

Pellet container

Calimax Sandor stove

Tulimax pel 20 boiler

Tulimax boiler

Tulimax boiler

Tulimax boiler

Tulimax boiler

Tulimax boiler

Tulimax boiler

Tulimax boiler

  20

80

200

300

400

599

200

300

400

500

    7

  20

  80

120

160

200

300

400

500

100 kg own bin

Kaukora Oy, Raisio, manufactures and sells Jäspi pellet boilers:

Trade name Capacity, kW Accessories

Jäspi-pelletti 20 boiler

Jäspi-pelletti 30 boiler

20

30

Electric resistance

Electric resistance
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Oy Kari Nummela Biopellet Systems, Loppila, imports Swedish Ecotec burners and
stoves:

Trade name Capacity, kW Accessories

Ecotec D1

Ecotec A3

Ecotec A3

Ecotec A3

Ecotec A3

Ecotec A3

14

15

20

25

 50

300

100 kg own bin

2 m feed screw

2 m feed screw

2 m feed screw

Ecotec burners are also sold by Kari Nummela in co-operation with JPK Tuote
(Joensuu), Service S.Lehtomäki (Varkaus), Wahlroos Verkstad (Vaasa), PP Service Ay
(Juupajoki), Juha Pasanen (Helsinki), Mikkelin Puupelletti Oy (Mikkeli), Oy PTM
Co.Ltd (Pelkosenniemi) and Rauno Parikka Ltd (Hämeenkoski) (www.pelletti-
peloton.fi).

Hehkupelletti Oy, Saarijärvi, sells Swedish Ecotec underfeeding pellet burners and
Canadian Whitfield pellet stoves  (8 kW and 11 kW):

Oy Pellet Energy Ab, Vöyri, manufactures and sells pellet burners and boilers

Trade name Capacity, kW Accessories

Flex

Minor

Jet

Jet

Jet

Jet

20

20

40

60

100

200

Included boiler, burner

and pellet silo

Savon kuljetin ja teräs Oy, Pieksämäki, manufactures and sells Firematic pellet boilers:

Trade name Capacity, kW Accessories

SM100

SM 300

20-150

200-500

Electric resistance

Electric resistance
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Suomen Lämpöyhtymä Oy- Green Flame, imports GrandeG Green Flame pellet system,
which is manufacturer by Lubins & Co Ltd in Latvia.

Trade name Capacity, kW Accessories

GrandeG GF 20

GrandeG GF 40

GrandeG GF 60

GrandeG GF 100

GrandeG GF 200

20

40

60

100

200

Included boiler, burner

and pellet silo

Thermia Oy, Saarijärvi, manufactures and sells pellet boilers and burners:

Trade name Capacity, kW Accessories

BeQuem pellet burner

Arimax Biomatic

20

20
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Appendix C: Pellet market actors in Finland
A. J. A. Import Oy
Importer of pellet burners (Iwabo Villa S)
Keskustie 8, FIN-43500 Karstula
Contact: Ahti Paananen
Phone +358 14 461 066, e-mail: airmport@aloha.fi
Number of employees: 2
Imports Iwabo pellet burners

Biowatti Oy
Pellet and briquette production
Revontulentie 6, FIN-02100 Espoo
Contact : Martti Savolainen
Phone +358 010 4658 149, fax +358 010 4658 298
e-mail: martti.savolainen@biowatti.fi
Number of employees: 35
Turnover: 28.35 million  €
Incorporated in the Metsäliitto Corporation
Branch of business: Fuel producer and distributor
Pellet deliveries: Farms (chips burners),
greenhouses, heating systems and small district
heat networks, one-family houses
Exports: Sweden and Denmark. Pellet consumers
(stations) and importers

Callidus Ab
Importer of pellet burners (Bentone)
Hiekkakiventie 1, FIN-00710 Helsinki
Contact: Mikko Anttila
e-mail: webmaster@callidus.fi
Phone: +358 9 374 751,fax. +358 9 3747 5505
www.callidus.fi

Haminan puunjalostus Oy
Pellet production
Contact: Markku Laitila
Phone: +358-5-345 8390
e-mail:markku.laitila@pp1.inet.fi

Hankkija-Maatalous Oy (Agrimarket)
Retailer of Vapo pellets and pellet burners
P.O. Box 175, FIN-00511 Helsinki
Contact: Heikki Rajamäki
heikki.rajamaki@agrimarket.fi
Tel. +358 9 188 6038, fax +358 9 188 6093

Hehkupelletti Oy
Pellet burners, stoves and grills. Pellet production
P.O.Box 15, FIN-43101 Saarijärvi
Contact: Pertti Oinaala, Managing Director
Phone +358 014 421 503
e-mail: hehkupelletti@hehkupelletti.inet.fi
Branch of business: Equipment manufacturer, fuel
producer and distributor, consulting. Pellet
production and distribution (capacity 5 000 t/a,

production 1 000 t in 2000). Import of pellet stoves
and burners (Whitfield, Ecotec)

HT Engineering Oy
Pellet plants and heating stations
Hallitie 7, FIN-42800 Haapajärvi
Contact: Jyrki Kytö
Phone +358 14 774 511, fax +358 14 722 211
e-mail: engineering@htlaser.fi
www.htlaser.fi
Number of employees: 8
Affiliates: HT Lasertekniikka Oy, HT Enerco Oy
Branch of business: Construction of pellet plants
and wood chips/bark/pellet heating stations of < 10
MW fired with indigenous fuels.

HT Enerco Oy
Pellet burners, boilers and stoves
Punojantie 1, FIN-42800 Haapamäki
Contact: Sauli Muli
Phone +358 14 774 511, fax +358 14 732 214
e-mail: tulimax@htlaser.fi
www.htlaser.fi
Number of employees: 10
Turnover: 0.83 million €
Affiliates: HT Engineering, HT Lasertekniikka
Branch of business: Equipment manufacturer,
product development. Manufacture and sales of
wood pellet burners and boilers  (20 – 1 000 kW)
for private households, enterprises in the field,
retailers
Exports: Sweden and Austria

Jorma Luokola Ky
Pellet burners
FIN-61430 Isorehto
Contact: Jorma Luokola
Phone +358 6 4731 475, fax +358 6 4731 475

JPK-Tuote Oy
Pellet burners and heating stations
Hiiskoskentie 10, FIN-80100 Joensuu
Contact: Jari Muona, Managing Director
Phone +358 13 221 572, fax +358 13 871 393
www.pelletti-peloton.fi
Number of employees: 6
Turnover: 1.35 million  €
Branch of business: Equipment manufacturer,
product development, ystem design,testing,
consulting, usr of pellets/briquettes, manufacture
of components for district heat pipes, manufacture
of machines and equipment. Design, manufacture
and installation of pellet burners. Import of pellet
burners. Development and construction of
equipment for pellet distribution. Manufacture and
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sales of components for pre-insulated district heat
pipes. Delivery and manufacture of oil-fired and
chips-ired heating stations.
Customers: Heat-selling enterprises (e.g., Vapo,
Biowatti, Neste-Lämpö), municipalities and towns,
small-scale customers, private households,
corporations and communities.
Imports: Burners and heating equipment from
Baltic countries and Scandinavia

Jämätek Ky
Boilers
P.O.Box 29, FIN-20321 Turku
Contact: Export manager Adrei Gusarov
Phone +358 2 270 070, fax +358 2 270 0777
e-mail: andrei.gusarov@jamatek.fi
Customers: households
Exports: Russia, Germany and Scandinavia

Kari Nummela Biopelletsystems Oy
Pelletisation and briquetting equipment, pellet
burners
Koskipääntie 66, FIN-16670 Lappila
Contact: Kari Nummela
Phone +358 3 765 3375, fax +358 3 765 3175
e-mail: henri.nummela@pp.inet.fi,
www.pelletti-peloton.fi
Number of employees: 2
Turnover: 0.17 – 0.35 million €
Branch of business: Product development, testing,
fuel production and distribution, contractor,
consulting, plant owner, pellet/briquette user.
Delivery of equipment for solidification and
pelletising of powdery materials. In future,
pelletisation or briquetting of municipal wastes
and sludges. Delivery of equipment of pellet
combustion.
Customers: Planing mills, mills, waste treatment
plants. Combustion equipment: from one-family
houses to heating stations.
Exports: Scandinavian market, in future also Asia

Kaukora Oy
Boilers
P.O.Box 21, FIN-21201 Raisio
Phone +358 2 438 6655, fax +358 2 438 6075
e-mail: webmaster@kaukora.fi

Keurak Oy
Pellet production
P.O.Box 73, Mäntymäentie 11, FIN-42700 K€uu
Contact: Mikko Järvenpää
Phone +358 040 553 7849, fax +35814 754 0421
e-mail: keurak@co.inet.fi
Number of employees: 18
Turnover: 4.17 million  €
Branch of business: Fuel producer, pellet/briquette
user, mechanical wood-processing. Cutter
shavings and sawdust formed as by-products of
planning are compressed to 8 mm pellets in one
shift, 8 t/day.
Customers: Industrial final users
Export: Industrial final users in euope and
elsewhere.

Laatukattila Oy
Boilers
P.O.Box 69, FIN-33201 Tampere
Contact: Simo Lampinen
Phone +358 3 2141 411, fax +358 3 2121 528
e-mail: Laatukattila@yritys.tpo

Lapin Ekolämpö Oy
Pellet production
Kallijärventie 10, FIN-94450 Keminmaa
Contact: Ismo Säily
Phone: +358 16 276 174

Motiva Oy, OPET Finland
Service Centre
Urho Kekkosen katu 4 – 6 A
P.O.Box 489, FIN-00101 Helsinki
Contact: Juha Rautanen, Chief Specialist
Phone +358 9 8565 3115, fax +358 9 8565 3199
e-mail: juha.rautanen@motiva.fi
Number of employees: 20
Branch of business: Service centre on energy
saving and on renewable energy sources.
In the field of wood energy: most significant
operators in the field of bioenergy in Finland.
Medium- and small-scale users of wood energy.
Member of OPET Network, co-operation with
ALTENER Bioenergy networks. EnR activity:
direct contacts with enterprises in the field of
bioenergy and with equipment manufacturers.

Paahtopuu Oy
Pellet production
Pohjankyläntie 159, FIN-34600 Ruovesi
Contact: Jarmo Ovaskainen
Phone +358 3 47 66 288, fax +358 3 4766 299
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Parkanon Pellet Oy
Pellet production
Vatusentie 67, FIN-39700 Parkano
Phone: +358 3 448 3099

Pellet Energy Oy
Pellet burners
Lotlax vägen 795, FIN-66600 Vöyri
Contact: Mårten Fors
Phone +358 6 3836 060/+358 050 5971 777
Fax +358 6 3836 060, e-mail: info@pelletenergy
Branch of business: Consulting, import of
equipment (Swedish Janfire pellet burners)

Punkaharjun Pellet Ky
Pellet production
Palomiehentie 35,FIN-58500 Punkaharju
Phone: +358 15 441 850

Northern Karelia Polytechnic
Training and consulting
Väisälänkatu 4, FIN-80160 Joensuu
Contact: Asko Puhakka, bioenergy specialist
Phone +358 0500 674 676,
e-mail: asko.puhakka@ncp.fi
Number of employees: 300
Turnover: 25 million €
Branch of business: Product development,
consulting, training and material producer
- Training service for professionals and

enterprises
- Training of wood energy advisers
- Entrepreneur training
- Production of training and information

material, marketing
- Forestry professionals
- Entrepren€s
- Municipality sector
- E.g. organisation of study tours in co-operation

with the University of Joensuu and €opean
Forest Institute

Customers: Researchers, trainers, entrepren€s,
development specialists

PRO-Lämpö Oy
Pellet heating stations
P.O.Box 430, FIN-33101 Tampere
Contact: Markku Mäkelä, Sales Manager
Phone +358 040 5496 054, +358 3 3473 650, fax
+358 3 3473 657, e-mail:
markku.makela@prosessiputkitus.fi
Number of employees: abt 10-20
Turnover: 1 million €
Branch of business: Equipment manufacture,
product development, testing
Manufacture and installation of boilers and boiler
components. Boiler repair 24 h on duty.
Prefabrication and installation of pressurised

pipelines. Manufacture of pellet heating boilers
and heating stations/containers for dwelling and
office buildings. Output ranges 30 – 1000 kW.
Custom-made heating boilers. Importer of pellet
burners.
Customers: Detached houses, small-scale
enterprises, municipalities, parishes, public
buildings, heating stations, also leasing, energy
utilities and planning offices
Exports: Sweden, Norway, Poland, China

Savon Bioenergia Oy
Pellet production
Seppäläntie 181, FIN-58900 Rantasalmi
Contact Mikko Lappalainen,
Phone: +358-40-550 8115,
e-mail:mikko.lappalainen@pel-tuote.fi

Savon Kuljetin ja Teräs Oy
Pellet heating systems 20 – 150 kW, 200 – 500 kW
Huoltokuja 4- 6, FIN-76850 Naarajärvi
Contact: Oiva Härmä
Phone +358 15 341 473, fax +358 15 341 474
e-mail: savonkulj@reimari.net,
www.koti.reimari.net/savonkulj

Scan pellet Oy
Pellet production
Pappilantie 40, FIN-86710 Kärsämäki
Contact: Markku Koski
phone: +358-40-868017

Suomen Lämpöyhtymä Oy
Pellet heating systems 20 – 200 kW, imports of
GrandeG pellet systems,
Vehmersalmentie 19, FIN-71310 Vehmersalmi
Contact: Tapio Peltola
Phone: +358 40 568 3150, fac +358 17 3851 517
e-mail: tapio.peltola@pelletti.net

Säätötuli Oy
Pellet burners
Topeeka 71, FIN-61800 Kauhajoki
Contact: Petri Piipari, Managing Director
Phone +358 6 2355 300, fax +358 6 2355 399
e-mail: info@saatotuli.fi, petri.piipari@saatotuli.fi
Number of employees: 10
Turnover: 0.87 million €
Branch of business: Equipment manufacturer.
Stoker burners (wood chips, peat, pellets) 20 –
2 000 kW
Customers: One-family houses, farms, green-
houses, municipalities
Exports: Sweden, Denmark, Canada
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Thermia Oy
Pellet burners and boilers
P.O.Box 59, FIN-43101 Saarijärvi
Contact: Ari Hytönen
Phone +358 9 2250 2552
fax +358 9 225 9422
e-mail: ari.hytonen@thermia.fi
Number of employees: 365
Turnover: 58.34 million €
Branch of business: Equipment manufacture,
product development. Pellet boiler and burner 15 –
20 – 25 kW. Larger stoker boilers, suitable also for
pellets.

Tulostekniikka Oy
Heating stations
FIN-43700 Kyyjärvi
Contact: Kai Oinonen, Managing Director
Phone +358 14 471 671, fax +358 14 471 400
e-mail: kai.oinonen@tulostekniikka.inet.fi
Number of employees: 2
Turnover: 0.67 million €
Branch of business: Equipment manufacture,
product development, system design, testing.
Manufacture of biofuel-fired 120 – 3 000 kW
heating stations, either stationary stations or
boilers. Fuels: pellets, briquettes, wood chips,
sawdust, sod peat, moisture content 5 – 60%.
Customers: Municipalities, heat entrepreneurs,
wood-processing industries, greenhouses, and
large farms.

Turku Energia Oy
Biggest pellet user in Finland, cofiring of pellets
with coal, energy utility
Linnankatu 65, FIN-20100 Turku
Contact: Martti Nupponen, plant manager
Phone. +358 2 262 8171, fax +358 2 262 8178
e-mail. matti.nupponen@turkuenergia.fi

TTS Institute, Forest Section
Research
Kiljavantie 6, FIN-05200 Rajamäki
Contact: Seppo Tuomi, Research Manager
(bioenergy)
Phone +358 9 2904 1280, ax +358 9 2904 1285
e-mail: seppo.tuomi@tts.fi
Number of employees: about 150/13
Turnover: about 10 million €/0.75 million €
Branch of business: Product development, testing,
research
Forest Section: research and training on the
following fields: research into forest work and
forest entrepreneurs’ economy, into small-scale
harvesting and use of biofuels, development and
application of small-scale technology for forest
work and bioenergy.

Research methods: work research, inquiries and
follow-up, and research of combustion equipment
at test heating station.
Customers: Forest owners, farmers, one-family
house owners, end-users
Previously Nordic research co-operation, today EU
research work (+ research co-operation with
neighbour countries).

Ukko-Uuni/Eko Antenni Oy
Pellet stoves, sauna stoves
Ruisaumantie 19, FIN-71800 Siilinjärvi
Contact: Esko Nenonen
Phone +358 17 580 8811, fax +358 17 580 8812
e-mail: esko.nenonen@ukko-uuni.fi

Umacon Oy
Pellet production, pelletisation machines
Viskarintie 12, FIN-46480 Anjalankoski
Contact: Mikko Nummela
Phone +358 5 363 5475, fax +358 5 363 6235
Branch of business: Fuel producer and distributor,
scrap business
- consulting of pellet plant construction
- import and sales of boilers and burners of 20

kW – 1 MW
- production and distribution of pellets: Finestra

Mill , Luopio, 2 500 t/a and US Wood Mill,
Anjalankoski, 2 000 – 2 500 t/a

Import: UGM pelletisation machines from Latvia

Vapo Oy Energy
Pellet productio, ESCO company selling heat
produced by biofuels
P.O.Box 22, FIN-40101 Jyväskylä
Contact: Jaakko Silpola, Project Manager
Phone +358 14 623 623, fax +358 14 623 5707,
e-mail: jaakko.silpola@vapo.fi
Ilomantsi pellet plant
Contact: Timo Huhtanen
Savotantie 7, FIN-82900 Ilomantsi
Phone +358 13 883 391,  +358 0400 757 952
e-mail: timo.huhtanen@vapo.fi
Branch of business: Fuel producer and distributor,
heat producer
Pellet plant at Ilomantsi, capacity 45 000 t/a. 140
pellet distribution sites (Agrimarket) in Finland.
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Veljekset Ala-Talkkari
Heating stations
FIN-62130 Hellanmaa
Contact: Antti Ala-Talkkari
Phone +358 6 433 6333, fax +358 6 433 6363
e-mail: talkkari@lapua.fi

VTT Processes, OPET Finland
Research and information
P.O.Box 1603, FIN-40101 Jyväskylä
Contacts: Eija Alakangas, Product Manager,
Heikki Oravainen, Senior Research Scientist
Phone +358 14 672 611, fax +358 14 672 598
e-mail: eija.alakangas@vtt.fi,
heikki.oravainan@vtt.fi
Number of employees: total 615/bioenergy 120
Research: Biomass production, handling,
combustion,gasification, environmental issues.
Pellets: production, handling and combustion
technology and nformation dissemination
Co-ordination of European Bioenergy Networks
EUBIONET, member of OPET Finland
Customers: Industries, municipalities, State, EU

Ab Vörå Finncamb Oy
Pellet production
Lotlaxvägen 795, FIN-66600 Vörå
Contact: Stefan Skata
Phone +358 6 383 6112, fax +358 6 383 6014

XO Group Oy (Ltd)
Importer of Salmatec pelletising machines
Uudenmaankatu 40, FIN-00120 Helsinki
Phone: +358 9 877 0781, fax. +358 9 877 07823
e-mail:info@xogroup.fi
www.xogroup.fi
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Appendix D: Cost calculation for 20 kW and 200 kW pellet heating systems (Source: VTT)

A. Competitiveness of biofuels in heating – 20 kW, one-family house

1. Basic values (20 kW, one-family house

Output    20
   Fuel price

    Basic Comparison   Efficiency   Fixed charge
€/GJ              €/GJ                            %                    €/a

     Sod peat 3.0 2.8 72
Peat pellets 4.0 3.7 73
Wood pellets 7.5 3.7 75
Wood chips 4.0 1.4 73
Chopped firewood 3.5 2.8 65
Light fuel oil 11.2 7.1 83
Natural gas 7.5 7.5 85 378.4
Elecricity 14.5 13.2 98 274.2
District heat 7.0 6.8 98 417.1

Annual heating energy, GJ/a     5.8 (21 MWh)

2. Financial analysis (20 kW, one-family house)

Payoff period, a 15 machines and equipment
Interest, %   0 machines and equipment
Building period, d 30 buildings
Building interest   0 buildings

3. Other basic values (20 kW, one-family house)
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Fuel Sod peat Peat pellet Wood Wood chips Chopped Oil Natural Electricity District
                                    pellet                               firewood     heating       gas             heating       heating

3.1.1   Boiler plant, total, €                             5970.67     5382.01     5382.01     5970.67        3363.76     5432.47     4171.06     4625.17     1984.62    
- boiler 2758.28 2169.62 2169.62 2758.28 2438.72 1648.24 1648.24       0       0
- burner 2287.36 2287.36 2287.36 2287.36       0 958.67 1143.68       0       0
- other equipment 925.03 925.02 925.03 925.03 925.03 1429.60 1379.14 4625.17 1984.62
- oil-heating equipment        0       0       0       0       0 1395.96       0       0       0

3.1.2   Heat supply equipment, €                     1934.16     1934.16     1934.16     1934.16        4305.61     1934.16     1934.16           0          1934.16    
- heat accumulator       0       0       0       0  2371.45      0       0       0       0
- radiator network 1934.16 1934.16 1934.16 1934.16 1934.16 1934.16 1934.16       0 1934.16

3.1.3   Space costs, €                                      2253.72     2253.72     2253.72     2253.72        2253.72     1210.95     1412.78     168.19       622.30      
-   fuel bin or tank 840.94 840.94 840.94 840.94 840.94       0       0       0
-   other space costs 1412.78 1412.78 1412.78 1412.78 1412.78 1210.95 1412.78 168.19 622.30

3.1.4   Other costs, total, €                               1513.69     1513.69     1513.69     1513.69        1177.32     1345.50     1177.32           0          1480.05    
- construction work 840.94 840.94 840.94 840.94 840.94 840.94 840.94       0 1480.05
- electrotechnical work 672.75 672.75 672.75 672.75 336.38 504.56 336.38       0       0

3.1.5   Wages and social charges, €/a             100.91       90.82         90.82         100.91          228.74       50.46         50.46               0                0         
- working hours, h/a       30       27       27       30       68       15       15       0       0
- hourly wage, €/h    3.36    3.36    3.36    3.36    3.36    3.36         3.36       3.36     3.36

3.1.6   Maintenance and repair costs                      0         3% of equipment costs                                                                                                             



3

4. Specification of plant and capital costs, € (20 kW, one-family ouse)

Fuel Sod peat Peat pellet Wood Wood chips Chopped Oil Natural Electricity District
                                    pellet                               firewood     heating       gas             heating       heating

Boiler plant 5970.67 5382.01 5382.01 5970.67 3363.76 543.47 4171.06 4625.17 1984.62
Heat distribution equipment                            1934.16     1934.16     1934.16     1934.16        4305.61     1934.16     1934.16           0          1934.16
4.1 Machines and equipment, total 7904.83 7316.17 7316.17 7904.83 7669.37 7366.63 6105.22 4625.17 3918.78

Fuel bin 840.94 840.94 840.94 840.94 840.94        0        0       0       0
Space costs                                                     1412.78     1412.78     1412.78     1412.78        1412.78     1210.95     1412.78     168.19       622.30      
4.2   Space costs, total                                  2253.72     2253.72     2253.72     2253.72        2253.72     1210.95     1412.78     168.19       622.30      
4.3   Other costs, total                                   1513.69     1513.69     1513.69     1513.69        1177.32     1345.50     1177.32             0        1480.05    
4.4   Total capital requirement of plant        11672.24   11083.57   11083.58   11672.24      11100.40   9923.09     8695.32     4793.36     6021.13    
4.5 Capital required for boiler output        

€/kW 583.61 554.18 554.18 583.61 555.02 496.15 434.77 239.67 301.06

5.0 Fixed operation and maintenance costs, €/a (20 kW, one-family house)

Wages and social charges 100.91 90.82 90.82 100.91 228.74 50.46 50.46        0        0
Service, repair, insurances 237.14 219.49 219.49 237.14 230.08 221.00 183.16 138.76 117.56
Basic charges                                                         0               0               0                   0                   0                0        378.42       274.15       417.11
5.1 Total 338.06 310.31 310.31 338.06 458.82 271.46 612.04 412.90 534.67
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6. Variable costs, €/GJ (20 kW, one-family house)

Fuel Sod peat Peat pellet Wood Wood chips Chopped Oil Natural Electricity District
                                    pellet                               firewood     heating       gas             heating       heating

Basic calculation
Fuel price 3.04 3.40 7.48 3.40 3.50 11.21 7.48 14.48 6.96
Fuel costs 4.22 5.44 9.97 5.44 5.39 13.51 8.79 14.86 7.14
Reference calculation
Fuel price 2.80 3.74 3.74 1.40 2.80 70.06 7.48 13.22 6.78
Fuel costs 3.89 5.12 4.98 1.92 4.31 8.50 8.79 13.56 6.95
Internal power consumption, materials, etc.   0.09           0.09           0.09           0.09              0.09           0.09           0.09                  0                0
6.1.1 Variable costs, total, basic calc. 4.31 5.53 10.06 5.53 5.48 13.58 8.87 14.86 7.14
6.1.2 Variable costs, total, reference calc.3.98 5.21 5.07 2.01 4.40 8.57 8.87 13.56 6.95

7.1 Fuel cost, basic calculation, €/a 318.88 411.22 753.48 411.22 407.52 1021.24 664.85 1122.99 539.72
7.2 Fuel cost, reference calc., €/a 294.33 387.00 376.74 145.15 325.95 642.48 664.85 1025.11 525.25

8. Fixed costs, €/a (20 kW, one-family house)

Fuel Sod peat Peat pellet Wood Wood chips Chopped Oil Natural Electricity District
                                    pellet                               firewood     heating       gas             heating       heating

Capital/Machines and equipment 813.86 753.31 753.31 813.86 789.64 758.53 628.69 476.14 403.48
Capital/Buildings 273.64 273.64 273.64 273.64 249.25 185.68 188.20 12.28 152.71
Fixed operation and maintenance costs         338.06       310.31       310.31       338.06          458.82       271.46       612.04       412.90       534.67

8.1 Fixed costs, total 1425.73 1337.26 1337.26 1425.73 1497.71 1215.66 1428.76 901.32 1090.87
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9. Heat generation costs (20 kW, one-family house)

9.1 Tariff formula

Fuel Sod peat Peat pellet Wood Wood chips Chopped Oil Natural Electricity District
                                    pellet                               firewood     heating       gas             heating       heating

Fixed unit costs, €/kW,a 71.31 66.94 66.94 71.31 74.84 60.72 71.48 45.07 54.49
Variable costs, €/GJ 4.30 5.51 10.04 5.51 5.47 13.59 8.88 14.86 7.15

10. Average price of heat production, €/GJ (20 kW, one-family house)

Fuel Sod peat Peat pellet Wood Wood chips Chopped Oil Natural Electricity District
                                    pellet                               firewood     heating       gas             heating       heating

Peak load time, h/a
  500 43.92 42.66 47.19 45.13 47.09 47.33 48.54 39.90 37.42
1 000 24.11 24.11 28.64 25.32 26.30 30.46 28.73 27.38 22.29
1 500 17.52 17.89 22.43 18.73 19.34 24.86 22.10 23.22 17.24
2 500 12.24 12.94 17.47 13.46 13.78 20.32 16.82 19.86 13.22
5 000 8.27 9.25 13.78 9.48 9.63 16.96 12.85 17.38 10.18

11. Annual heating costs, €/a (20 kW, one-family house)

Fuel Sod peat Peat pellet Wood Wood chips Chopped Oil Natural Electricity District
                                    pellet                               firewood     heating       gas             heating       heating

Base calculation
Heating costs, €/a 1751.17 1755.21 2097.47 1843.68 1911.96 2242.28 2098.99 2024.31 1630.58
Medium price of heat, €/GJ 23.17 23.22 27.75 24.39 25.28 29.67 27.75 26.77 21.58
Reference calculation
Heating costs, €/a 1726.62 1730.99 1720.73 1577.43 1830.56 1863.52 2098.99 1926.59 1616.12
Medium price of heat, €/GJ 22.84 22.89 22.75 20.88 24.20 24.67 27.75 25.46 21.40

Variable costs, base case, €/a 325.61 417.95 760.21 417.95 414.25 1026.62 670.23 1122.99 539.72

Fixed costs, base case, €/a 1425.73 1337.26 1337.26 1420.68 1497.71 1215.66 1428.76 901.32 1090.87
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12. Equivalent price of fuel, €/GJ (20 kW, one-family house)

Fuel Sod peat Peat pellet Wood Wood chips Chopped Oil Natural Electricity District
                                    pellet                               firewood     heating       gas             heating       heating

Comparison with electricity 5.57 6.50 6.68 5.65 4.41 8.76 6.57 14.48 12.04
Comparison with electricity, 
value of supervision 0 € 6.54 7.38 7.57 6.63 6.40 9.30 7.15 14.48 12.05
Comparison with light fuel oil 7.65 8.61 8.84 7.76 6.28 11.21 9.03 17.29 14.85

Base price 3.04 3.97 7.48 3.97 3.50 11.21 7.48 14.48 6.96

13. Effect of supervision work on the medium price of heat, €/GJ (20 kW one-family house)

Fuel Sod peat Peat pellet Wood Wood chips Chopped Oil Natural Electricity District
                                    pellet                               firewood     heating       gas             heating       heating

Medium price of heat, supervision 0€/h 21.82 22.00 26.54 23.03 22.29 29.01 27.09 26.77 21.58
Base calculation, supervision 3.36  €/h 23.17 23.22 27.75 24.39 25.28 29.67 27.75 26.77 21.58

14. Effect of supervision work and fuel price

Fuel Sod peat Peat pellet Wood Wood chips Chopped Oil Natural Electricity District
                                    pellet                               firewood     heating       gas             heating       heating

Medium price of heat, supervision € 0/h
and cheap fuel 77.37 79.22 95.53 70.30 76.36 86.28 97.55 96.37 77.70
Base calculation, supervision 3.36 €/h 83.42 83.59 99.90 87.79 90.00 106.80 99.90 96.37 77.70

15. Pay-back time of additional investment on solid fuel fired boiler compared to that of oil heating (20 kW, one-family house)

Fuel Sod peat Peat pellet Wood Wood chips Chopped Oil Natural Electricity District
                                    pellet                               firewood     heating       gas             heating       heating

Additnl investment on solid fuel fired boiler 1749.15 1160.50 1160.50 1749.15 1177.32 0 -1227.77 -5129.73 -3901.96
Saving in supervision and variable costs 650.55 568.31 226.04 558.22 434.09 0 356.39 -45.92 537.36
Interest-free payback time 2.69 2.04 5.13 3.13 2.71 0 0.00 0.00 0.00
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B. Competitiveness of biofuels in heating – 200 kW, large building

1. Basic values (200 kW, large building property)

Output    200 kW
Fuel price

       Efficiency   Fixed charge
€/GJ                                       %                    €/a

     Sod peat 2.80 78
Peat pellets 3.97 78
Wood pellets 5.61 80
Wood chips 3.27 78
Pyrolysis oil 5.61 83
Light fuel oil 11.21 85
Natural gas 7.48 88 2943.29
Elecricity 14.48 98 2506.00
District heat 6.96 98 3468.88

Annual heating energy, GJ/a     113.89 (410 MWh)

2. Financial analysis (200 kW, large house property)

Payoff period, a 15 machines and equipment
Interest, %   0.06 machines and equipment
Building period, d 30 buildings
Building interest   0.06 buildings
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3. Other basic values (200 kW, large building property)
Fuel Sod peat            Peat pellet         Wood pellet       Wood chips       Pyrolysis oil 

Boiler plant, total, €                                         45562.11           42198.35           42198.35           42198.35           25673.89
Burner 8897.14 8897.14 8897.14 8897.14 7938.47
combustion equipment 8913.96 5550.20 5550.20 5550.20 3363.76
fuel bin and handling 16818.79 16818.79 16818.79 16818.79
regulation and automatisation 6727.52 6727.52 6727.52 6727.52 2522.82
mechanical ash removal 4204.70 4204.70 4204.70 4204.70
other equipment                                                                                                                                                      11848.84

3.1.3   Space costs, €                                      13455.03           13455.03           13455.03           13455.03           15136.91

other space costs 13455.03 13455.013 13455.03 13455.03 0
boiler room/oil container 0 0 0 0 15136.91

3.1.4   Other costs, total, €                               5045.64             5045.64             5045.64             5045.64             6239.77

- construction work 1681.88 1681.88 1681.88 1681.88 1681.88
- electrotechnical work 1345.50 1345.50 1345.50 1345.50 1345.50
other costs 2018.26 2018.26 2018.26 2018.26 3212.39

3.1.5   Wages and Social charges, €/a            2018.26             1816.43             1816.43             2018.26             1765.97

- working hours, h/a 120 108 108 120 105
- hourly wage + social charges, €/h 16.82 16.82 16.82 16.82 16.82

3.1.6   Maintenance and repair costs                        0       3% of equipment costs                                                       
  District heating Oil heating Natural gas Electrical heating
3.1.7 Equipment, total 6021.13 Heating equipment 21208.50           22251.26           8106.66
-  Heat supply station 6021.13 - Boilers 6609.79 6609.79 8106.66

0 - Heating equipmen 9872.63 10915.40 0
0 - Service water heater 2270.54 2270.54 0
0 - Heat conduction pump 773.66 773.66 0

- Regulation equipmen 1681.88 1681.88 0



9

3.1,8. Other equipment costs 0 0 0 4524.26
-
-

3.1.9 Space costs 1493.51 - Space costs 12445.91           10091.28                 8712.13
- Fuel bin 0 - Fuel bin 0 0 0 0
- Space costs 1493.51 - Boiler room/Oil tank 1244.91 10091.28 8712.13

3.2.0 Other costs 24938.91 Other costs 5508.15             9502.62                   8073.02
- Connecting costs 5933.67 - Stack 5508.15 9502.62 0
- Connection fee 19005.24 0 3994.46 8073.02

3.2.1 Wages and Social charges, €/a 378.42 1681.88             1681.88                   1093.22
- Hours, h/a 22.5 100 100 65
- Hourly wage with additional costs, €/a 16.82 16.82 16.82 16.82

4. Specification of plant and capital costs, € (200 kW, large building property)

Fuel Sod peat Peat pellet Wood Wood chips Pyrolysis Oil Natural Electricity District
                                    pellet                               oil               heating       gas             heating       heating

Boiler plant 45562.11 42198.35 42198.35 42198.35 25673.89 21208.50 22251.26 8106.66 6021.13
Other equipment                                             0                0                0                0                   0                0                0                4524.26     0               
4.1 Machines and equipment, total 45562.11 42198.35 42198.35 42198.35 25673.89 21208.50 22251.26 12630.91 6021.13

Space costs                                                     13455.03   13455.03   13455.03   13455.03      15136.91   12445.91   10091.28   8712.13     1493.51
4.2   Space costs, total                                  13455.03   13455.03   13455.03   13455.03      15136.91   12445.91   10091.28   8712.13     1493.51
4.3   Other costs, total                                   5045.64     5045.64     5045.64     5045.63        6239.77     5508.15     9502.62     8073.02     24938.91
4.4   Total capital requirement of plant        64062.78   60699.02   60699.02   60699.02      47050.57   39162.56   41845.16   29416.07   32453.54
4.6 Capital required for boiler output

€/kW 320.40 303.58 303.58 303.58 235.29 195.77 209.23 147.16 162.30



10

5.0 Fixed operation and maintenance costs, €/a (200 kW, large building property)

Wages and social charges 2018.26 1816.43 1816.43 2018.26 1765.97 1681.88 1681.88 1093.22 378.42
Service, repair, insurances 1366.86 1265.95 1265.95 1265.95 770.22 636.25 667.54 378.93 180.63

Basic charges                                                  0                0                0                0                   0                0                2943.29     2506.00     3468.88
5.1 Total 3385.12 3082.38 3082.38 3284.21 2536.19 2318.13 5292.71 3978.15 4027.93

6. Variable costs, €/GJ (200 kW, large building property)

Fuel Sod peat Peat pellet Wood Wood chips Pyrolysis Oil Natural Electricity District
                                    pellet                               oil               heating       gas             heating       heating

Fuel price 2.80 3.97 5.61 3.27 5.61 11.21 7.48 14.48 6.96
Fuel costs 3.59 5.09 7.01 4.19 6.76 13.19 8.49 14.86 7.14
Internal power consumption, materials, etc.   0.09           0.09           0.09           0.09              0.09           0.07           0.07           0                0               
6.1.1 Variable costs, total 3.68 5.18 7.10 4.28 6.84 13.26 8.57 14.86 7.14

7. Fixed costs, €/a (200 kW, large building property)

Fuel Sod peat Peat pellet Wood Wood chips Pyrolysis Oil Natural Electricity District
                                    pellet                               oil               heating       gas             heating       heating

Capital/Machines and equipment 4691.27 4344.80 4344.80 4344.80 2643.41 2183.75 2291.06 1300.60 619.94
Capital/Buildings 1343.99 1343.99 1343.99 1343.99 1553.05 1304.30 1423.54 1219.36 1920.37
Fixed operation and maintenance costs         3385.12     3082.38     3082.38     3284.21        2536.27     2318.13     5292.71     3978.15     4027.93

7.1 Fixed costs, total 9420.37 8771.34 8771.34 8973.16 6732.56 5806.18 9007.30 6498.11 6568.24
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8. Heat generation costs (200 kW, large building property)

8.1 Tariff formula

Fuel Sod peat Peat pellet Wood Wood chips Pyrolysis Oil Natural Electricity District
                                    pellet                               oil               heating       gas             heating       heating

Fixed unit costs, €/kW,a 47.09 43.90 43.90 44.91 33.64 29.10 45.07 32.46 32.80
Variable costs, €/GJ 3.69 5.19 7.10 4.30 6.82 12.27 8.55 14.86 7.15

9. Average price of heat production, €/GJ (200 kW, large building property)

Fuel Sod peat Peat pellet Wood Wood chips Pyrolysis Oil Natural Electricity District
                                    pellet                               oil               heating       gas             heating       heating

Peak load time, h/a
  500 29.85 29.53 31.44 29.20 25.56 29.39 33.59 32.89 25.37
1 000 16.77 17.38 19.29 16.73 16.21 21.30 21.07 23.87 16.26
1 500 12.43 13.31 15.23 12.57 13.08 18.64 16.91 20.88 13.22
2 500 8.92 10.04 11.96 9.25 10.61 16.49 13.55 18.45 10.79
5 000 6.31 7.61 9.53 6.78 8.74 14.86 11.07 16.68 8.97

10. Annual heating costs, €/a (200 kW, large building property)

Fuel Sod peat Peat pellet Wood Wood chips Pyrolysis Oil Natural Electricity District
                                    pellet                               oil               heating       gas             heating       heating

Heating costs, €/a 14855.70 16416.82 19245.91 15292.66 16833.42 25379.89 21649.65 28422.92 17106.23
Medium price of heat, €/GJ 10.04 11.12 13.03 10.37 11.40 17.19 14.67 19.25 11.59

Variable costs, base case, €/a 5435.33 7645.49 10474.58 6319.49 10100.69 19573.71 12642.52 21924.81 10537.98
Fixed costs, base case, €/a 9420.37 8771.34 8771.34 8973.16 6732.56 5806.18 9007.30 6498.11 6568.24
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11. Equivalent price of fuel, €/GJ (200 kW, large building property)

Fuel Sod peat Peat pellet Wood Wood chips Pyrolysis Oil Natural Electricity District
                                    pellet                               oil               heating       gas             heating       heating

Comparison with electricity 9.91 10.23 10.51 10.14 12.05 13.03 11.45 14.48 14.44
Comparison with electricity, 
value of supervision 0 € 19.98 11.21 11.49 11.21 13.03 13.88 12.48 15.18 14.67
Comparison with light fuel oil 8.32 8.64 8.88 8.55 10.33 11.21 9.63 12.48 12.43

Base price 2.80 3.97 5.61 3.27 5.61 11.21 7.48 14.48 6.96

12. Pay-back time of additional investment on solid fuel fired boiler compared to that of oil heating (200 kW, large building property)

Fuel Sod peat Peat pellet Wood Wood chips Chopped Oil Natural Electricity District
                                    pellet                               firewood     heating       gas             heating       heating

Addit. investment on solid fuel fired boiler 24900.22 21536.46 21536.46 21536.46 7888.01 0 2682.60 -9746.49 -6709.02
Saving in supervision and variable costs 13801.84 11793.51 8964.58 12917.84 9388.92 0 6931.19 -1762.44 10339.02
Interest-free payback time 1.80 1.83 2.40 1.67 0.84 0 0.39 0.00 0.00


