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ContentsContents of the of the presentationpresentation

- Presentation is based on four research projects within
”The National Wood Energy Technology Programme”

- Cost structures of chips made of
- Logging residues
- Stumps
- Small diameter trees

- Comparison of  supply chains based on chipping either at 
roadside or at end use facility

- Stand level study

1 m³ = solid cubic metre = 2 MWh = 850-950 kg (moisture 50% )



Use of wood fuels in FinlandUse of wood fuels in Finland

- 20% of primary energy is produced from wood-based fuels
- Black liquor from pulp mills is the major source of 

wood fuels, 50 %
- Major resources of solid wood fuels are residues from

sawmills and forests

NOTE: Level of annual roundwood cuttings in Finland is 54 Mm³ &  15 Mm³ impoterted wood (2004)

Consumption of solid wood fuels 2005, Mm3

Sawdust 1.7

Bark 7.6

Forest   
chips 3.0
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firewood 5.7Pellets  

etc. 0.7

Industrial 
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WhatWhat doesdoes the the forestforest ownerowner getget??

Stumpage price of logs 40-47 €/m³
(birch, spruce & pine).

Minimum top diameter 15 cm.
Lenght of bolts 3,1 - 5,5 meters

Stumpage price of pulpwood
12-20 €/m³(birch,aspen,pine 

& spruce). Minimum top 
diameter 6-8 cm.

Lenght of bolts between 3-5 
meters

Stump & root wood
50 -100 €/ha + savings in the 

site preparation 200-300  
€/ha

Logging residues
50 - 100  €/ha

Small trees from pre
commercial thinnings

Stumpage price 0-(3) €/m³
(Pulpwood compensation)

30-60 m³/ha

45-85 m³/ha

40-75 m³/ha



Logging residues from final fellings
Stumps from final fellings

- A side product of final cuttings
- Accumulation easy to estimate and locate
- Integration with roundwood harvesting and regeneration
- Harvesting costs are low
- Bearing capacity is not a big problem in Finland
- Selected stands are spruce dominanted

Small diameter trees from early thinnings
- Harvesting costs are high
- Cost difference to logging residue chips is about 10 - 15 €/m³
- Resources difficult to locate, measure and get to market
- State subsidies enables harvesting activities (10-11 €/m³)

78 % = 1,66 + 0,38 Mm³

22 % = 0,57 Mm³

ThreeThree main main sourcessources of of forestforest fuelsfuels in in 
the the largelarge scalescale useuse



Harvesting of small diameter trees from
early thinnings -Logging costs of small-sized energy

wood are high because: 
-Due to the small stem volume (15-45 dm³) 
felling bunching costs are high

-Energy wood accumulation per hectare is 
small

-Number of remaining trees limits the 
productivity of the work

The typical logging sites are overstocked
hardwood or pine stands

+ Annual availability of small-sized energy wood is independent of harvesting of 
industrial roundwood

+ Young forests is the largest unutilized source of forest energy.  Annual
potential depending on stand selection criterias 8.4 – 1.4 Mm³per year

+ Thinning of young stands has major silvicultural benefits. 

+ Chips quality is high



Organization of stump and root wood
procurement activities

Organization of logging residue
procurement activities

Organization of small sized thinning wood
procurement activities

Transportation of chips by
truck

THE PROCUREMENT COSTS AT THE END USE FACILITY:  € per solid cubic meter or € per MWh

Forwarding of 
stumps

Uprooting, splitting & 
forwarding of stumps

by combimachine

Mechanized
felling-

bunching of 
thinning
wood

Manual
felling-

bunching of 
thinning
wood

Harvesting
of thinning
wood by

harwarder

Forwarding of small sized
energy wood

Transportation of 
chips by truck

ForestForest fuelfuel procurementprocurement supplysupply chainschains

Forwarding
of loose
residues

Piling of logging residues integrated into roundwood
harvesting

Comminution
at the 
landing

Comminution
in the 
terrain Forwarding of 

residue logs & 
loose residues

Transportation of 
residue logs & 
loose residues

Comminution
at the 
landing

Transportation
of small sized
energy wood by

truck

Comminution at 
the end use

facility

Comminution at 
the end use

facility

Transportation
of splitted

stumps by truck

Comminution
at the 
landing

Uprooting & 
splitting of stumps

by excavator

Bundling
of 

logging
residues

Comminution at 
the end use

facility

Transportation of 
chips by truck

I try to 
compare
step by

step

Piling, 
uprooting & 
felling costs

Bundling costs
Forwarding

costs of 
bundles & 

thinning wood

Chipping cost
at the landing

or at  the 
power plant

Transporting
cost of 

processed & 
unprocessed

material

Organization
costs of 

procurement
activities
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OrganizationOrganization costscosts

Logging residue and stump wood 0.7 -1.3 €/m³

Small diameter trees 2 €/m³

Industrial roundwood procurement

Process residues procurement & trade

Peat production

Process residues procurement & trade

BIOWATTI

Process residues procurement

Heat entrepreneur or
co-operative



CostsCosts of of slashslash pilingpiling, , stumpsstumps uprootinguprooting & & 
fellingfelling--bunchingbunching of of thinningthinning woodwood ??

Logging residue

- Slash piling is integrated into roundwood cutting

- Piling cost is 0.3 €/m³

Stump & root wood

- Splitting & uprooting + site preparation time per stump is 1 minute (on average 6-9 + 2-3 h/ha)

- Stump volume in final fellings is 100 -200 dm³(spruce)

Small trees from pre-commercial thinnings

- Felling bunching costs are 12-15 €/m³

- Manual and mechanized felling cost are at the same level

- Delimbing decreases productivity by 10 – 40 % compared to the whole-tree method

0

5

10

15

20

25

30

35

10 15 20 25 30 35 40 45 50 55 60

Stem volume, dm³

Fe
lli

ng
 &

 b
un

ch
in

g 
co

st
,  

€/
m

³

Manual 
Mechanized



SlashSlash pilingpiling integratedintegrated into into roundwoodroundwood
cuttingcutting

Single side method

Two side method



FellingFelling bunchingbunching of of smallsmall sizedsized energyenergy woodwood
byby the the accumulatingaccumulating fellingfelling headhead

Video: Pentinpaja Oy



IntegratedIntegrated stumpstump woodwood uprootinguprooting, , splittingsplitting
& & sitesite preparationpreparation

Kobelco SK 210 & Pallari KH-160 stumpharvester



BundlingBundling costscosts ??
- Bundling cost are 3,5 €/bundle = 6,4 €/m³(spruce logging residues)

- Productivity is 20 -25 bundles per operating hour

- Bundling is an extra cost, but it improves the productivity in the off-road
and on-road transportation (high bulk density)

- Bundling enables railway transportation of logging residues
- Decreases overhead costs, because residue logs are easy to    
integrate into the industrial roundwood transport flows
- Low chipping costs, when the chipping is done at the            
power plant
- ”Extra Large” scale procurement method
- In Finland the timber trucks payload 43-38 tn, whereas in 
Central Europe it is 17-22 tn  

In the future one solution to decrease small trees logging cost could be to 
integrate the bundling technology into the felling machine ???
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- Forwarding productivity after
mechanized felling is remarkably higher
compared to manual felling

- Cost difference is about 3 €/m³

- Load volume of whole trees is 4 – 7 m³

- Delimbing increases the productivity
about 10 -20 %  compared to whole
trees

ForwardingForwarding costscosts of of logginglogging residuesresidues and and 
smallsmall sizedsized thinningthinning woodwood

- Forwarding cost of logging
residue bundles are 3 
€/m³and loose logging
residues 6 €/m³

- Load capacity is 10- 20 
bundles = 6-12 m³ and 4 – 7 
m³of loose logging residues



ChippingChipping at at roadsideroadside landinglanding oror at the at the 
powerpower plantplant ??

?

- In the roadside chipping the chipper and truck are dependent on each other, 
”hot chain”

- Chipping at a plant makes the chipper & chip truck independent of each other

-Low bulk density/load volume of unprosessed material is the weakness in the 
end-use facility chipping

- Chipping at plant suitable only for big industrial CHP plants

- Terrain & terminal chipping play marginal role in Finland

- Chipping cost at roadside landing are about 5.3 €/m³ and chipping cost at 
plant 1.8 €/m³

Photo: Oy Alholmens Kraft Ab / UPM



CostCost comparisoncomparison as a as a functionfunction of transport of transport 
distancedistance and and loadload volumevolume

Supply chain based on roadside chipping & end-use facility chipping
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Maximum weight of a truck is 60 tons in Finland



TypicalTypical costcost structurestructure of of forestforest chipschips
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CostCost structurestructure of of supplysupply chainschains
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The cost calculator for logging residue procurement
     Finnish Forest Research Institute 

   Joensuu Research Centre
                 © Juha Laitila

Characteristics of forest stand

Set value

Area, ha 2,0  

Forwarding, m 150
Transporting, km 40    Feed stand knowledge into the cells beside!

Accumulation of  small sized energywood, m³/ha 60
Pine, % of accumulation 33 %         Attention :The sum must be 100 %

Spruce, % of accumulation 2 % Total:
Birch, % of accumulation 60 % 100 %
Others, % of accumulation 5 %

    

Stem volume of whole-tree (with branches), dm³ 25

Set value Presumed value Model uses

Moisture of fresh whole tree, % 55 % 55 %
Moisture of seasoned whole tree,  % 35 % 35 %
Loss of seasoning, % 5 % 5 %
Seasoning time at roadside storage, months 8 8
Interest of capital, % 6 % 6 %

ForestForest chips chips calculatorscalculators --ToolsTools for the for the 
standstand levellevel costcost and and sensitivesensitive analysisanalysis

    The cost calculator for whole tree chips 
procurement

Finnish Forest Research Institute
      Joensuu Research Centre

  © Juha Laitila 2004

Cost calculator for delimbed 
 energy wood procurement

  Metla, Joensuun Research Centre
  © Juha Laitila 2005

The primary aim of the cost calculators is 
to familiarize the user with the various 
ways different factors affect cost of 

forest chips. The calculator enables the 
user to investigate how changes in 

processed material or in the productivity 
and hourly cost of machines influence the 

harvesting cost of the whole system. 

Hauling
Set value Presumed value Model uses

Load capasity of forwarder, m³ 6,2 6,2
Gross effective / effective time ratio 1,20 1,20
Hourly cost of forwarder, €/h 47 47
Transferring cost of forwarder €/turn 47 47

Fresh whole-tree, €/m³ Fresh whole-tree, €/MWh Stored whole-tree, €/m³ Stored whole-tree, €/MWh

Hauling 4,4 2,2 4,6 2,1



ConclusionsConclusions::

-The scale of operations, full employment of 
machinery and areal availability of forest fuels are
the most important cost factors

-Large scale use enables use of capital intensive and 
effective systems based on chipping at plant, whereas 
in small/medium scale use roadside chipping based 
technologies are most suitable 

-GIS-based availability and cost analysis is a 
necessity when tailoring and comparing supply chains

- The procurement of energy wood must understand 
as a production chain, where one step affects the 
latter steps.
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