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Hakkila, P., & Parikka, M. (2002). Fuel resources from the forest. In Bioenergy from Sustainable Forestry (pp. 19-48). Springer Netherlands.

Tree biomass



How?



Mechanization

Asikainen, A., Liiri, H., Peltola, S., Karjalainen, T., & Laitila, J. (2008). Forest energy potential in Europe (EU27). Finnish Forest Research Institute, Vantaa.

Share of mechanization in cutting (%)
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y = 0.0015x + 0.278
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Felling residues
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Biomass and fire prevention
0.209

0.090
Biomass

González-Olabarria, J. R., Rodríguez, F., Fernández-Landa, A., & Mola-Yudego, B. (2012). Mapping fire risk in the Model Forest of Urbión (Spain) based on airborne LiDAR 

measurements. Forest Ecology and Management, 282, 149-156.



Agriculture and wood valorization



Plantations on agricultural land



Plantations on agricultural land



Cutting cycle for a salix plantation

Planting

Harvest

Source: NE Nordth

Production cycle



Simultaneous cultivation of plantations and annual crops on the same area

Picture sources: © Dominik Rutz

Agroforestry



Impact on groundwater



Soil remediation



Biodiversity



The safe use of nutrient-rich residues of society (as municipal wastewater
and sludge) to fertilise fast-growing tree species (willows and poplars) to 

produce biomass for energy

Multifunctional uses



Wastewater storage
ponds

Wastewater treatment
plant (20000 pe)

Multifunctional uses: Enköping



Dr. I. Dimitriou, 

Dep. of Crop 

Production Ecology, 



Spreading of sewage sludge and wood-ash (when available)

Multifunctional uses: Anywhere



Logistics
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Pellets and boilers



Pellets and boilers

























Storage and logistics



Storage and logistics

Röser, D., Erkkilä, A., Mola-Yudego, B., Sikanen, L., Prinz, R., Heikkinen, A., ... & Väätäinen, K. (2010). Natural drying methods to promote fuel 

quality enhancement of small energywood stems.Vantaa: Metla.
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TERRAIN
CHIPPING-METHOD

Crushing of bundles or loose residues 
in the plant

Bundling of logging 
residues 

CHIPPING IN
ROAD SIDE-METHOD

Chipping of residues
on road-side terminal

On-road transportation of
loose logging residues

On-road transportation 
by log trucks

Forest haulage by
tractor equipped for log haulage

Logging residue compacting 
truck trailer

BUNDLING
METHOD

LOOSE RESIDUES

Supply chains: Forestry



• Harvest during winter

• Shoots are cut and chipped 

simultaneously

As short transport

distance as possible

Supply chains: Plantations



Heat



Big scale

50 - 500 MW

Commune size

1 - 50 MW

Small boilers

20 - 1000 kW

Fireplaces

5 - 20 kW

Heat production and CHP



District Heating

Market penetration of 
district heating greatly 
varies, responding to 
different climatic, political 
and economic realities



A district heating plant in Tuupovaara municipality (capacity 600 
kW, uses wood chips as fuel, ca. 3000 m3/a). A cooperative 
(enterprise) of local forest owners

District Heating: 600 kW



District Heating: 5 MW

A combined district heating system at Eno (3 plants, ranging 1-2 
MW). Require 23 000 m3 of wood per year. Employment effect: 7-
10 jobs.



Expansion of heat and CHP plants



Expansion of heat and CHP plants



Development of district heating

Madlener, R. (2007). Innovation diffusion, public policy, and local initiative: The case of wood-fuelled district heating systems in Austria. Energy Policy, 35(3), 1992-2008.



Potentials



Forest potentials

NFI, local fellings, 
LiDAR, etc...

Small diameters, 

needles, branches, roots, 

stumps, tops, etc…

Mola-Yudego, B., Arevalo, J., Diaz-Yanez, O., Dimitriou, I., Haapala, A., Ferraz Filho, A. C., ... & Valbuena, R. (2017). Wood biomass potentials for energy in northern Europe: 

Forest or plantations?. Biomass and Bioenergy, 106, 95-103. 



Local fellings
reported, sp

Small diameters, 

needles, branches, roots, 

stumps, tops, etc…

Expansion 

factors

Forest potentials



Forest potentials

NFI, local fellings, 
LiDAR, etc...

Small diameters, 

needles, branches, roots, 

stumps, tops, etc…
Asikainen, A., Liiri, H., Peltola, S., Karjalainen, T., & Laitila, J. (2008). Forest energy potential in Europe (EU27). Finnish Forest Research Institute, Vantaa.



Plantation potentials

Available plots 
or trials

Spatial interpolation, 

spatial estimates

assumptions



Plantation potentials: Local area level

Available plots 
or trials

Spatial interpolation, 

spatial models

Mola-Yudego, B. (2011). Predicting and mapping productivity of short rotation willow plantations in Sweden based on climatic data using a non-parametric method. Agricultural and 

forest meteorology, 151(7), 875-881.



Plantation potentials: Region level

Estimation of 
yield and area 

available

Production subject to 

limitations

Mola‐Yudego, B., Rahlf, J., Astrup, R., & Dimitriou, I. (2015). Spatial yield estimates of fast‐growing willow plantations for energy based on climatic variables in Northern Europe. 

GCB Bioenergy.
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Yields

Our estimates, in Sweden, 
comparing comercial 
experience and reported
yields



Productivity
Forest sources Plantation sources

Wood biomass production for energy (m3 ha-1 year-1) 



Productivity



Productivity

Land uses determine the location of 
resources for biomass.



Productivity Wood biomass production for energy (m3 ha-1 year-1) 



Plantation and forest potentials

Different biomass 
production strategies
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