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Tool for Sustainability Impact 

Assessment of Forest-Wood Chains

21/5/082



The sustainability concept evolved 

over the centuries

Sustainable yield of 
forest resources 

(von Carlowitz; 1713)

Sustainable development Sustainable development 
(Brundtland Report 1987)

Environmental, social, and economic dimension 
(EU sustainable development strategy, Gothenburg 

2001 and EU Council 2006)

2009: Sustainable resource use AND sectoral value chains



ToSIA approach to Sustainability Impact 
Assessment of Forest-Wood Chains

www.eforwood.com

ToSIA measures volume flows and 
sustainability indicators



Sustainability Indicators

Economic Environmental Social

Gross value added Energy generation and use Employment 

www.eforwood.com

Production costs

Trade balance

Resource use

Total production

Investment and 
R&D

Productivity

GHG emissions & carbon stocks

Transport distance and freight

Water use

Emissions to water and air

Generation of waste

Biodiversity

Forest resources

Soil condition

Forest damage

Wages and salaries

Occupational safety 
and health

Quality of 
employment

Provision of public 
forest services



ToSIA approach to Sustainability Impact 
Assessment of Forest-Wood Chains

www.eforwood.com

Sustainability indicators are linked to 
all production processes
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ToSIA approach... (basic principles)
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ToSIA aggregates indicator results along the FWC



ToSIA perspectives:
How you look at things makes a lot of 

difference!

www.eforwood.com



Different ToSIA perspectives at 
sustainability impact assessment

I will 
become a 
nice table...

I used to 
live in 
Northern 
Sweden...

We grew 
up only 35 
km from 
here...

...in my 
earlier lives 
I had other 
carreers

I will be 
read
in 
downtown 
London!

”forest-
defined”

”product-
defined”

”industry-
defined”



1) Production of pellets – used in single family homes 

Source: Vapo

2) Chipping of biomass – used in single family home via district 
heating

ToSIA application: comparing two different bio-energy 
supply chains for heating a private household

Source: Vapo

Source: Vapo

Source: Vapo

Jouko Parviainen, Josek Oy Source:Vapo

www.eforwood.com



Defining the structure of a forest value chain

M
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te
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Forest to 
industry 

Forest 
resource 
management

M
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ria
l flo

w

Industry to 
consumer 
interaction

Processing 
and 
manufacturing

industry 
interaction



Process 1000004:

Pine timber conversion at saw mill

2042000

Process 1000085:

Transport of sawn pine timber

2011000

5012000 2011000 5002000

2021200

Process 1000084:

5002000

Processes

Products linking 

the processes

Process 1000065:

Production of chair components

2021200

4001000 5010000 5012000

Process 1000084:

Transport of pine wood 
residues

5002000

Process 1000007:

Pellet production

5010000

6007000

5002000



Bioenergy thinning Clearing by lumberjack

Comparison of two chains

P&C Chain P Chain



Indicators Units
1. Production costs euro

2. Resource / Material use m3

3. Total heat consumption MJ

4. Employment
4.1 male person a

4.2 female person a

5. Wages and Salaries
5.1 male euro

5.2 female euro

Indicators

5.2 female euro

6. Safety and Health
6.1 Occupational accidents non-fatal accidents

6.1 Occupational accidents fatal accidents

7. Greenhouse Gas Emissions tons CO2 eqv.

8. Maintenance of soil quality kg

9. Transport (road)
9.1 transport distance road tkm

9.2 freight volume tons

10. Energy
10.1 renewable energy use MJ

10.2 non renewable energy use MJ

10.3 electricity from the grid use MJ

10.4 generation from renewables MJ

11. Average carbon storage in cut biomass tons



Results of the comparison

P Chain P&C Chain increase 

in %

318 737 595 078 87
5 604 318 1 6491 609 194

0,99 2,18 120

Indicator

1. Production costs
3. Total heat consumption
4. Employment

Unit

euro

MJ

person a

a) effects of additional extraction of forest biomass on 
sustainability 

Based on: 
� one reference year (2007)
� a certain land area (1803 ha)

0,99 2,18 120
63 126 101
0 5 382 n.a.

9.1 transport distance 272 416 363 846 34
9.2 freight transported 1 679 2 822 68

10.1 energy use 1 942 126 2 348 295 21

10.2 heat generation 6 404 935 20 725 555 224

7. Greenhouse Gas Emissions

9. Transport

10. Energy

8. Maintenance of soil quality

4. Employment person a

tons CO2 eqv.

kg

tkm

tons

MJ

MJ

www.eforwood.com



Total production costs 

0,04
0,05
0,06

in
 E
U
R
/M
J

Results, production costs

Total production costs
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Less costs per unit 
heat consumed in 
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Results, energy

Energy generation, use and consumption by 

chain

20

25
Total energy use

Total energy

Similar energy use in both chains 

Chipping strongly increases the heat generation, > 3 
times

0

5
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15

P&C Chain P Chain

in
 T
J

Total energy
generation
Total heat
consumption

 10,8 TJ

0,4 TJ 



Indicator P & C Chain P Chain

GHG bal. � �

ToSIA results

a) Pellet and Chips chain
b) Pellet chain

GHG bal. � �

Employment � �

Energy bal. � �

Costs � �

Soil maint. �� �

www.eforwood.com



The process of MCA in EFORWOOD

technological 
development

policy scenarios

ToSIA software (scheme)

MCA

CBA
Cost-Benefit Analysis

Sustainability

Wood Forestry-Wood 
Chain

Wood Forestry-Wood 
Chain
Forestry-Wood 
Chain

alternative 
Forestry-Wood 
Chain

alternative 
Forestry-Wood 
Chain

alternative 
Forestry-Wood 
Chain

MCA
Multi-Criteria Analysis

Analysis &
Aggregation 

preferences 
of stakeholders / DM 
regarding the importance 

of Indicator-values

of Indicators

reporting
Sustainability
Indicators 

economic
ecological
social



Module 2
forest 

Alternative FWCs in BW

natural 
regeneration

FWC 2

natural 
regeneration

FWC 1

planting

FWC 3

Module 3

Module 4

forest 
management

forest to industry

industry

regeneration

semi-mechanized 
harvesting

short logs

large regional 
sawmill (sawline)

regeneration

motor-manual      
harvesting

long logs

small local 
sawmill           
(log frame)

fully-mechanized 
harvesting

short logs

large regional 
sawmill (sawline)



Selected indicators for the BW spruce test chains

M2
production cost

employment

indicators

M3

M4

employment

salaries & wages

occupational safety & health

GHG emissions

transport distance

energy use (non-renewable)



MCA software prototype
client-server architecture

facilitator

stakeholder 
1 stakeholder 

2 stakeholder 
3

stakeholder 
4

stakeholder 
(n)



weighting of indicators



group results



ranking of alternatives



MCA application in a workshop with multiple 
stakeholders – very positive feedback!



Current ToSIA implementation

� Prototypes running
� Draft GUI ready
� New tool 

implementation implementation 
ongoing

� EFORWOOD case 
study results 
expected soon



ToSIA in Summary

• Quantitative and transparent approach to 
sustainability assessment

• Analyses trade-offs between different aspects of 

www.eforwood.com

• Flexible tool - Users can select system boundaries,     
indicators, indicator weights ...

• Quality of assessment depends on quality of data

• Analyses trade-offs between different aspects of 
sustainability



ToSIA applications in EFORWOOD

• Baden-Württemberg (Germany) case study: focus on 
bioenergy

• Scandinavian case study (forests of Northern 
Sweden): focus on technological innovation

www.eforwood.com

Sweden): focus on technological innovation
• Iberian case study (consumption in Spain/Portugal): 
focus on consumption changes

• European FWC analysis: focus on Natura 2000 
conservation 



Northern ToSIA Contacts

Northern ToSIA Project Coordinator:
Marcus Lindner
European Forest Institute EFI
Torikatu 34, FI-80100 JoensuuTorikatu 34, FI-80100 Joensuu
Tel. +358 10 773 4340
marcus.lindner@efi.int
http://www.efi.int
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