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

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

> w D

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



Research in this direction:

index (year 1965 = 100)

Value chain resilience on a national level (Asada et al., 2023)
Value chain resilience on a local level (Garcia- Jdcome et al., 2025)

Risk of abandoning management after disturbances (Boiger et al., 2025)
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When forest disturbances hit wood value chains: simulating
tipping points in roundwood markets
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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; Garcia- Jacome et al., 2025; Boiger et al., 2025)

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)



Adaptation and forest conversion

Research in this direction:

Innovation as a resilience strategy (Hoeben et al., 2023)
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Abstract
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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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Case study evidence from European wood value chains
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Climate smat forestry
Climate change auaptation.
Wiood value chain

Supply chain resilience

This study examines stakeholders” views of the feasibility and effectiveness of elimate change adaplation mea-
data from view

the future implementation of adaptation measures as more feasible and effective than present implementation.
" than managers of
forests. This may r ng on-site-
adapted vulnerable coniferous forests. Furthermore, measures that predominantly increase resilience against
bark beetle outbreaks forests, where these events
mare frequent. Softwood processing experts generally consider implementing measures at processing facil-
ties as less foasible and effective than hardwood processing experts. This may be due to the benefits gained by
some saftwood value chain segments from lower roundwood prices (which also applies o the lower-quality
segments of hardwood pracessing), the more diversified raw material base in the softwood value chain and i
secondary and tertiary processing facllities, and the hardwood industry's dominant reliance on high-quality
wood, which cannat be harvested premarurely. Policy implications inelude prioritising measures with high

and transition d i
forests also require a shift from even-aged to uneven-aged stands. Respondents from the processing industry
priaeitise investments in infrastructure and acquiring flexible machinery for processing diverse tree speeies and
damaged wood.




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)

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

submitted)




Peak Oil - a self-destroying Prophecy



Peak Oil ?

R Asada, T. Stem Ecological Economics 149 (2018) 120-128
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Fig. 4. Cumulative competitiveness effects of primary sectors (2000-2014) in 10° USD (nominal) by regions. Squares represent competitiveness effects of sector A, circles competitiveness
effects of sector B. The sum over all regions in any year and sector equals zero. Note that effects refer to output changes between the current year and the year before. The vertical dotted
line represents the year 2009,

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?

Mio m? roundwood
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Georgescu-Roegen vs. Schumpeter

“Innovation is the true driving
force behind economic
development.”

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



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

1. Climate change and forest diStU rbances (e.g., Asada et al., 2023; Garcia- Jacome 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)

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



Management of increasing complexity

Research in this direction:

* A behavioral gap between stated objectives and forest

owner behaviour (Yavorskaya et al., submitted) -




Management of increasing complexity
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100% 1
Forests without intervention '._‘!d'\ 90% 'i 09

Mixed deciduous-coniferous, “ 0%
uneven-aged

Forests without intervention *_‘ ﬂd}\

=
Deciduous, uneven-aged J’ E 80%
=
= son Mixed deciduous-coniferous, “
Deciduous, even-aged g uneven-aged ° 70%
: A0
<
Deciduous, uneven-aged 60%

50%

Deciduous, even-aged | | |
Coniferous, uneven-aged A

Coniferous, even-aged 20%

408
Coniferous, uneven-aged *
30%

40%

Allocated share (%)

BC measure of dissimilarity: sample average O 0%

BC measure of dissimilarity: national average ~ &

30%

Sample  National

average average Coniferous, even-aged ” 20%

Ryue(iussip jo aanseaw spuno-felg

BC measure of dissimilarity: sample average O 10%

BC measure of dissimilarity: national average &

0%

Sample average
National average
Material NCP
Regulating and
non-material NCP
Management effort
Stated objectives
Liquidity, management
complexity and costs
Liquidity, ecological
functions, management
complexity and costs



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)




Introduction:

Explanation
backcasting
approach

Presentation of
the research
context:
introduction of
the four forest
adaptation
pathways
Introduction
‘Peak Spruce’

Determining the
futures
Questionnaire
into initial
perceptions and
expectations and
selection of the
futures

Summary of the
discussion: of the

future



M-ST-1.1 Launch
a training and
education
campaign

M-BP-1.1
Research suitable
species and
genetic quality of
planting material
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Deindustrialisation

M-FO-2.8
Diversification of
forest functions
and value chains

M-FO-2.9
Increased
importance of
carbon storage

M-PI-2 8 End of
innovation
activities in wood
processing
industries

M-PI-2.9End of
wood promotion

EP-FO:
Abandonment of
management and
a shift to private
use and self-
sufficiency with
forest products

EP-PI:Shifting
value chains to
abroad and
increase wood
imports



Technology-driven Innovation
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Innovation

Damage events
New Equilibrium

Mobilisation

Deindustrialisation



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



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

1. Cllmate change and forest disturba NCES (e.g., Asada et al., 2023; Garcia- Jacome 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)



Possible future wood use towards carbon
management

* Relevance of wood for climate change mitigation ﬁ&
» Carbon sequestration in forest :
» Carbon storage in harvested wood products :2
» Substitution effects — saved emissions z4s

OSSP A S
i

9=0

Wood as limited

resource

e Use of wood
 Material use
* Energetic use

1 Leskinen, P., et al. (2018). Substitution effects of wood-based products in climate change mitigation. From Science to Policy, 7(November):28.

2Geng, 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 Bérjesson 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).
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Method: System Dynamics Model

1. Wood value chains of Austria
* From forest to wood-processing ﬁ&
industries

2. Substitution
 Alternative materials for production D .‘} ' LH_T:( /ﬂ\ )&/( _"j

3. Impacts related to wood value chains N -
OPTLEHA Y T

e GWP: fossile emissions N

Y

* Simultion of the GWP over the whole

system
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Method: System Dynamics Model

Pulp production
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Scenarios

e Shift of wood use
* Harvest constant

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

(pulp and paper, panel) to energy

L] | m po rt/EXpo rt CO N Sta nt sawable to energy Material to energy 10,000 tons Roundwood from sawable wood to
. energy
* Shifts
(non-)sawable to energy Material to energy 10,000 tons Roundwood from non-sawable wood

 Use of wood increased
& substitute reduced

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

energy
. . .
EﬁeCt on a” IndUStrles residues to energy Material to energy 10,000 tons Wood residues to energy instead of
mOdeled pulp&paper, panel
hardwood to sawable Energy to material 10,000 tons hardwood from energy to sawable
. wood
* Scenarios:
* hardwood to non-sawable  Energy to material 10,000 tons hardwood from energy to pulp and
i m ate rlal VS. use fOI’ paper, textile and panel industry
energy softwood to non-sawable  Energy to material 10,000 tons softwood from energy to pulp and

paper and panel industry

13.10.2026 NARLTFRANZENS-UNIVERSITAT GRAZL
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Results

Changes in GWP due to wood utilization scenarios

Legend
writing and
sanitary paper
packaging
textiles
construction
furniture
other uses
energy

net effect

Change in 1000 t COzeq by industry

1 non-éawable 2 sav'valbe 3 (non-)éawable 4 residues 5.1 hafdwood 5.2 harldwood 6 soffwood

to energy to energy to energy to energy to sawable to non-sawable to non-sawable Sma” net eﬁeCtS

Conclusion
Effect & Counter-Effect
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Multi-objective optimization — 2 goals

maximize maximize

substitution storage
effect effect

Variable parameters:
wood distribution over

value chains
Upper/lower bounds &
constraints
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storage effect in Mio t COzeq

Maximum GHG emission reduction over 100 years
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Conclusion

. Thﬁ 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!

13.10.2026 KARL-FRANZENS-UNIVERSITAT GRAZ
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THANK YOU!

Questions?
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