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Future forest value chains and biomass use, 
important research fields:

1. Climate change and forest disturbances (e.g., Asada et al., 2023; García- Jácome et al., 2025; Boiger et al., 2025)

2. Adaptation and forest conversion (e.g., Hoeben et al., 2023; Hoeben et al., 2025; Boiger et al., submitted)

3. Management of increasing complexity (Yavorskaya et al., submitted; Brudermann et al., submitted)

4. Orientation towards carbon management (Boiger et al.,2024; Boiger et al., 2025)

2



Climate change and forest disturbances

Research in this direction:

• Value chain resilience on a national level (Asada et al., 2023)

• Value chain resilience on a local level (García- Jácome et al., 2025)

• Risk of abandoning management after disturbances (Boiger et al., 2025)
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Scope: impacts of management abandonment 

following profit loss due to disturbances 

Method: FOHOW  modelling 

Research findings: 

• Average disturbance alone is insufficient to 

trigger a tipping point

• Two conditions drive a tipping point: 

escalating forest disturbances and forest 

owner abandonment 

• Increasing disturbance variability substantially 

raises the probability of a tipping point
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Adaptation and forest conversion

Research in this direction:

• Innovation as a resilience strategy (Hoeben et al., 2023)
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Scope: Innovations in the forest-based sector 

Method: PRISMA literature review

Research findings: 

• Three drivers of innovation: Diversification, 

efficiency and flexibility 

• Innovations at the beginning and the end of 

the value chain looks different

• Innovations do not always strengthen 

ecological and socio-economic resilience



Adaptation and forest conversion

Research in this direction:

• Innovation as a resilience strategy (Hoeben et al., 2023)

• Which adaptation measures to choose? (Hoeben et al., 2025)
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Scope: Value chain stakeholders along the soft- and 

hardwood value chain in Europe 

Method: Quantitative survey 

Research findings: 

• Adaptation measures are seen as more 

feasible and effective in the future

• Downstream in the value chain from sawmills 

to bioenergy plants, perceived feasibility and 

effectiveness of adaptation measures 

decrease



Research in this direction:

• Innovation as a resilience strategy (Hoeben et al., 2023)

• Which adaptation measures to choose? (Hoeben et al., 2025)

• Economic consequences of forest conversion (Boiger et al., 

submitted)
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Scope: Softwood supply (based on forest conversion 

trajectories) and demand (based on GDP and 

bioeconomy market dynamics)

Method: FOHOW modelling 

Research findings: 

• Supply–demand gap around 2050–2070 

onwards, referred to as “peak spruce”

• Shortages differ strongly by assortments: 

pulpwood is more constrained than logs, and 

fuelwood exhibits and oversupply

Adaptation and forest conversion
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Peak Oil – a self-destroying Prophecy
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Peak Oil ? 

Asada & Stern (2018). Competitive bioeconomy? Comparing bio-based and non-bio-based primary sectors of the world. Journal of Ecological Economics, 149, pp. 120-128



Peak Spruce?
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Georgescu-Roegen vs. Schumpeter

“The laws of nature also apply in 
economics; resources are 

limited.”

“Innovation is the true driving 
force behind economic 

development.”
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Management of increasing complexity

Research in this direction:

• A behavioral gap between stated objectives and forest 

owner behaviour (Yavorskaya et al., submitted)
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Scope: Material forest functions, non-material and 

regulating forest-functions and management effort

Method: Survey and Robust Optimisation Modeling 

Research findings: 

• SPFO view mixed forestry as a compromise to 

meet multiple objectives but are constrained 

by management complexity

• SPFO perceive material, regulating, and non-

material FCP as complementary; reject the 

‘material needs vs. conservation’ dichotomy



Management of increasing complexity
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Management of increasing complexity

• Research in this direction:

• A behavioral gap between stated objectives and forest 

owner behaviour (Yavorskaya et al., submitted)

• Large stock, slow mobilisation (Brudermann et al., 

submitted)
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Scope: The impact of peak spruce on the Styrian 

wood industry 

Method: Backcasting workshop

Research findings: 

• Three futures were determined in the 

backcasting workshop: spruce mobilisation, 

deindustrialisation, and technology-driven 

innovation

• Key milestones across all futures: Mobilisation

of small-scale forest owners,  hardwood 

utilisation, cooperation and integration across 

the value chains through digitization



Backcasting – looking at not into the future
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Spruce Mobilisation
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Deindustrialisation
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Technology-driven Innovation
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Overall Pathway
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Mobilisation

Innovation

New Equilibrium

Deindustrialisation

Damage events

Innovation



There are certainly some parallels between Peak Oil and Peak Spruce—but 

there are also differences, for example:

- Disasters tend to mask the problem (unlike political crises in the oil sector)

- Forest owners are less profit-driven

- Carbon sequestration through forest management
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• Relevance of wood for climate change mitigation
• Carbon sequestration in forest 1

• Carbon storage in harvested wood products 1,2

• Substitution effects – saved emissions 3,4,5

• Use of wood
• Material use
• Energetic use

Possible future wood use towards carbon 
management

13.10.2026

Wood as limited 
resource

1 Leskinen, P., et al. (2018). Substitution effects of wood-based products in climate change mitigation. From Science to Policy, 7(November):28.
2 Geng, A., et al. (2017). Review of carbon storage function of harvested wood products and the potential of wood substitution in greenhouse gas mitigation. Forest Policy and Economics, 85(159):192–200.
3 Braun, M ., et al. (2016). A holistic assessment of greenhouse gas dynamics from forests to the effects of wood products use in Austria. Carbon Management, 7(5-6):271–283.
4 Börjesson Hagberg, M., et al. (2016). Bioenergy futures in Sweden - Modeling integration scenarios for biofuel production. Energy, 109:1026–1039.
5 Myllyviita, T., et al. (2021). Wood substitution potential in greenhouse gas emission reduction–review on current state and application of displacement factors. Forest Ecosystems, 8(1).



1. Wood value chains of Austria

• From forest to wood-processing 
industries

2. Substitution

• Alternative materials for production

3. Impacts related to wood value chains

• GWP: fossile emissions

• Simultion of the GWP over the whole 
system

Method: System Dynamics Model

13.10.2026
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Method: System Dynamics Model



• Shift of wood use
• Harvest constant
• Import/Export constant
• Shifts

• Use of wood increased 
& substitute reduced

• Effect on all industries 
modeled

• Scenarios: 
• material vs. use for 

energy

Scenarios

13.10.2026
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Scenar

io Nr.

Scenario name Shift from to Amount shifted Scenario description

1 non-sawable to energy Material to energy 10,000 tons Roundwood from non-sawable wood

(pulp and paper, panel) to energy

2 sawable to energy Material to energy 10,000 tons Roundwood from sawable wood to

energy

3 (non-)sawable to energy Material to energy 10,000 tons Roundwood from non-sawable wood

(50%) and sawable wood (50%) to

energy

4 residues to energy Material to energy 10,000 tons Wood residues to energy instead of

pulp&paper, panel

5.1 hardwood to sawable Energy to material 10,000 tons hardwood from energy to sawable

wood

5.2 hardwood to non-sawable Energy to material 10,000 tons hardwood from energy to pulp and

paper, textile and panel industry

6 softwood to non-sawable Energy to material 10,000 tons softwood from energy to pulp and

paper and panel industry



Results

Changes in GWP due to wood utilization scenarios

Conclusion

Effect & Counter-Effect

Small net effects



storage 

effect

substitution 

effect

maximize maximize

Variable parameters:

▪ wood distribution over

value chains

▪ Upper/lower bounds & 

constraints

Multi-objective optimization – 2 goals



Maximum GHG emission reduction over 100 years
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• The future remains unknown BUT some directions are more likely than 
others

• Systems Sciences Models help to identify bottlenecks and 
consequences of potential futures

• Future conditions are likely to foster circular use and according 
technologies, in particular:

• Economic, Environmental and Social supply 
constrains

• Carbon management

Engaging with the possible future is the foundation for purposefully 
shaping the actual future!

Conclusion

13.10.2026
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THANK YOU!
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	Standardabschnitt
	Folie 1: Future Conditions for Circular Economy, Forest Biomass Use and Technologies
	Folie 2: Future forest value chains and biomass use, important research fields:
	Folie 3: Climate change and forest disturbances
	Folie 4
	Folie 5
	Folie 6
	Folie 7: Future forest value chains and biomass use, important research fields:
	Folie 8: Adaptation and forest conversion 
	Folie 9: Adaptation and forest conversion
	Folie 10
	Folie 11
	Folie 12
	Folie 13: Peak Spruce?
	Folie 14
	Folie 15: Future forest value chains and biomass use, important research fields:
	Folie 16: Management of increasing complexity
	Folie 17: Management of increasing complexity
	Folie 18: Management of increasing complexity
	Folie 19: Backcasting – looking at not into the future
	Folie 20: Spruce Mobilisation
	Folie 21: Deindustrialisation
	Folie 22: Technology-driven Innovation
	Folie 23: Overall Pathway
	Folie 24: There are certainly some parallels between Peak Oil and Peak Spruce—but there are also differences, for example:  - Disasters tend to mask the problem (unlike political crises in the oil sector) - Forest owners are less profit-driven - Carbon se
	Folie 25: Future forest value chains and biomass use, important research fields:
	Folie 26: Possible future wood use towards carbon management
	Folie 27: Method: System Dynamics Model
	Folie 28: Method: System Dynamics Model
	Folie 29: Scenarios
	Folie 30: Results
	Folie 31
	Folie 32
	Folie 33: Conclusion
	Folie 34
	Folie 35: Thank you!


