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MOTIVATION (1)

A pellet production integrated into the forest industry have 
noticed to be more profitable than stand-alone plants (Wolf et 
al. 2006).

Only a few pellet plants is integrated with sawnwood
production
299,000t (~1,2TWh) of pellet produced in Finland last year
Finnish target; 2 TWh pellet production by 2020
→ Pellet production integrated with  the sawmill industry may offer 

one important solution for increasing pellet production

Need for alternative, renewable transportation fuels
Oil - scarcity and CO2 emissions
EU - 10 % of overall petrol and diesel consumption should be 
covered by sustainable biofuels by 2020
Finland, 7 TWh biofuel production by 2020
→ Biorefineries offer one important solution for increasing biofuel 

production



MOTIVATION (2)

Lähde: TEM, Uusiutuvan energian velvoitepaketti ”
LÄHDE: TEM, Uusiutuvan energian velvoitepaketti (”Risupaketti”)



The production possibilities and material flows in 
a sawmill
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THE MODEL (3): Investment costs

The concave investment function for pellet and 
CHP capacity

Two different grades of pellet, the both can be
produced with same pellet capacity.

Wet raw-material utilization in pellet production
requires also investment in a drying equipment
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THE MODEL: Investment cost functions
Average and marginal cost, pellet plant
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NUMERICAL APPLICATION (1)

The simulation model is used to analyze the choices of 
thirty large-scale sawmills that describe approximately the 
half of Finnish sawnwood capacity

We set two targets for pellet production; 500,000t and 
1,000,000t per year (Corresponding approximately 2 or 4 
TWh)

Sawnwood price 160/m³
Baseline prices for pellet 100€/t and 80€/t
We analyze the levels of policy instruments that are needed to 
reach these targets in respect of different pellet prices
SUBSIDY LEVELS ARE CALCULATED ENDOGENOUSLY



RESULTS (1): Policy instrument values

POLICY COST PER ONE TONNE OF PELLETS UNDER 
500,000 t/a TARGET
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RESULTS (2): Policy costs

TOTAL POLICY COST 500,000 t/a
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RESULTS (3): Wood use under baseline prices

Wood use in pellet plants
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FOREST BIOREFINERIES
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THE MODEL (3): Investment costs

Biorefinery investments
Specific technologies for gasification of black liquor and 
wood fibers, i.e. separate capacities
The average costs of a biorefinery investment decrease 
as the size of an investment increases
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THE MODEL (5): Investment cost functions
Average and marginal investment costs, wood
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NUMERICAL APPLICATION (1)

3, 6 or 9 TWh per year target for biofuel production
about 6, 12 or 18 % of the total transport fuel 
consumption in Finland (EU target 2020 10%, 
Finnish target 2020 7 TWh)
we analyze the levels of fuel price and policy 
instruments (subsidies) that are needed to reach 
these targets 

Modelled as a mixed complementarity problem 
using PATH solver in GAMS modeling system. 
The setting is based on real plant level data from 
pulp and paper industry and the energy market in 
Finland in 2008 
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NUMERICAL APPLICATION (2): Subsidies

1) Production subsidy
price premium on top of the biofuel price for all the 
biofuel units produced (by wood or black liquor) 

2) Input subsidy (for forest residues)
received for each unit of a wood fiber type used in 
biofuel production (in our analysis only for forest 
residue)
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RESULTS (1): Policy instrument values 

Production subsidy:
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RESULTS (2): Policy costs
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RESULTS (4): Wood use 
Wood use, biofuel production
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RESULTS (5): Wood price
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DISCUSSION

The production of biofuels is expensive
Support is needed (if biofuel price is under 43 €/MWh)

The level of subsidy needed depends on the biofuel price
Subsidy can be linked e.g. to the price of crude oil

Production subsidy is cost-efficient
However, the costs of input subsidy are not sufficiently larger 
with lower policy targets

Wood input in biofuel production depends on the policy 
instrument

Production subsidy: all wood fiber types 
Input subsidy: (almost) only residual wood
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THANK YOU!
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