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hOCiulilc Forest resources have moved to center L=t
stage: increasingly affected by climate
change and other global challenges, yet

also central to addressing them
(different perspectives, roles, emphasis, voices...)

odiversity and
: Conservation
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Ecosystems: The 2
Challenge of Bioeconomy

Climate Change and Climate
Change
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Outline

» Forest resources, climate change and bioeconomy:
setting the ground

» Bioeconomy and the ecosystem service framework

* Provisioning services

» Other benefits and ecosystem services

* Final considerations
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Forest resources and climate-change: a wicked rather
than a linear issue

Forest resources:

- (possible) Climate change driver
- Affected by climate-change

- Climate change mitigation

- Climate change adaptation

Possible trade-offs (& synergies)

- Spatial scales (e.g., EU vs. non-EU)

- Across different forest benefits
(commercial vs. non-commercial)

Traditional Problem Wicked Problem
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Forest resources as a climate-change driver:
agriculture, forestry and other land use change

57.16tco.ein 2023

Total GHG

emissions in 2023
(UNEP, 2024)
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Belowground

Source: FAO FRA (2025) and FOCCE (2025)
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Forest resources as possible contributors in
addressing the climate-change crisis

Mitigation = decreasing CO; concentration in the atmosphere
(removals and substitution of more C-intense materials)

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Environ:
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Estimated missing damage

T e Forest resources
“ — affected by
a0 climate-change
E 150
% Damage per main
E disturbance driver
® in European
forests between
.

1950 and 2020

1950 1960 1970 1980 1990 2000 2010 2020
Year

Patacca, M. Lindner, M., Nabuurs, G... and Schelhaas, M.. 2023. Significant increase i forest disturbances since 1950s. Policy Brief 4
European Forest Institute. https://doi org/10.36333/pba

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Environment,




DISTURBANCES FOREST DEVELOPMENT
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disturbance data e forest model
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Emissions and removals in the LULUCF sector by land use category (Mt COz eq) Fi nland

Positive figures mean emissions and negative figures mean removals (sink)

From a net sink into
an emission source

-10

o -20

8 30 2010: removals = 70% of MAI

0 2020: removals = 92% of MAI
-50 + higher carbon dioxide emissions from peat forest soils
-60 & depletion of carbon sink in mineral forest soil

O NGV
SIS

® Forest land ® Cropland ® ® Wetlands ® ® Harvested wood products

@ Total, previous inventory @ Total

Luke

Dip. Territorio e Sistemi Agro-Forestali (TESAF}

Source: Luke, 2025
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EU emissions and removals of the land-use, land-use change

witen tomesof oo: valent o) @Nd forestry (LULUCF) sector by main land use category
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2120
300
400 Net removals = 6% of EU total GHG emissions
oo but on decline in the last 10 years
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Cropland Forest land W Grassland
Harvested wood products (HWP) W Other Other land
Settlements W Wetlands = Land use, land use change and forestry (LULUCF’
= = Projections with existing measures (WEM) ===+ Projections with additional measures (WAM) O Approximated emissions for LULUCF

Dip. Territorio ¢

Sistemi Agro-Fo

Source: EEA, 2025
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Net carbon emissions in Canada’s managed forests:
All areas, 1990-2021
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Mitigation = decreasing CO. concentration in the atmosphere

(removals and substitution of more C-intense materials)

Adaptation = increasing the resilience of the human and
natural environment to the effects of climate change

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, En

Forestry (LEAF)
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The ecosystem service framework

Life Provisioning Bioeconomy Mainly privat d
i ainly private goods
support Food, feed, water, [ElEiEEs S ¢
energy, fibers, $ «traditional» and Foous: technological
. . il ; innovative JE5 f
Soil formation s e GEfErEs A innovation, efficiency
Nutrient cycle products
Primary .
production Regulating Resilience
Climate regulation, Conservation Mainly public goods
protection against Restoration Without market
hazards, habitat Protection
conservation...
Cultural Wellbeing
Aesthetics, religious, Health Mixed public e private goods
spiritual, recreation, Social i i |$ With/wi market
education, scientific, New social Focus: social innovation
heaith ... demand/needs
Dip. Territorio e Sistemi Agro-Forestali TESAF) | Dept. Land, Environment, Agriculture and Forestry (LEAF)
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The ecosystem service framework

Bioeconomy Main focus of
Biomass Mainly private goods most bioeconomy
policies and
strategies =
replacing fossil-
based materials

Life Provisioning
support Food, feed, water,
rqy, fibers, «traditional» and Market )
building materials... innovative f—'ocus: }echnollo.glcal
materials and innovation, efficiency
Nutrient cycle products

Soil formation

Primary .
production . Regulatlng Resilience
. Climate regulation, Conservation Mainly public goods
protection against Restoration Without market Alargely
hazards, habitat Protection overlooked
conservation... (though emerging)
bioeconomy area
Cultural Wellbeing
Aesthetics, religious, Health
» spiritual, recreation, |$ Social inclusion
education, scientific, New social
health ... demand/needs

Mixed public e private goods
With/without market
Focus: social innovation

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dej
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Strategic Framework for a Competitive and Sustainable EU Bioeconomy

Vision: The European
Bioeconomy in 2040

m EUROPEAN COMMISSION

Brussels, 27.11.2025
COM(2025) 960 final

“By 2040, sustainable bio-based materials
and products such as construction
materials, biochemicals, textiles, fertilisers
and plant protection products and plastics
are widely deployed in the EU.

\ FROM THE TO THE EUROPEAN PARLL,
A AND SOCIAL COMMITTEE AND THE COMM|

THE COUNCIL,

THE EUROPEAN F THE REGIONS

They provide fossil-free alternatives and
create new, stable income streams in
rural, coastal and industrial regions across
Europe.”

AStrategic Framework for a Competitive and Sustainable EU Bioeconomy

{SWD(2025) 895 final}

https:/leur-lex europa,ewllegal-contenyEN/TXT/2uri=CEL EX:52025DC0960

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Environment, Agricul
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https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52025DC0960
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52025DC0960
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52025DC0960
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52025DC0960
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52025DC0960
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Bioeconomy in
Europe: some figures

VA Turnover  Jobs

Turnover - EUR 2.2 trillion Trln (2020) (BIn EUR) (Trin EUR) (Min)
LR F oresiry 32 49 05

Wood-furniture 61 173 1,3

52 175 0,6

o 145 397 24

el | (% on total) (17%) (18%)  (13%)

Jobs - 17.1 million people, MIn (2023)

(@ vanutoctre of paper

Q) onutsctre o bio-based chemicas,
lastics and rubber

© Manutacture o auid biotels
© Froductonot bosicticty

©) Manutscure of wood products and fumiture

*JRC, 2020; Lasarte-Lépez e M'barek, 2025/
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2
Substitution effects PA Global warming potential (GWP)
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www.materialepyramiden.dk/,

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Environment, Agriculture and Forestry (LEAF)
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(...) the most important role of wood
products is to help turn the
construction sector from a source of
greenhouse gas emissions into a
carbon sink (...) There is considerable
room for improvement. With less than
3% of market share, wood products are
still only a tiny fraction of building
materials in Europe

EU Forest Strategy to 2030

Promoting sustainable forest bioeconomy for long-lived
wood products - New Bauhaus initiative

22
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Industrial
Wood

Sawmill
by-products

m S
Recyclin
Fibre based Lot
Products
Chemical
Products

Saw- &

St Recycling

Energy

Stemwood

Maximise wood's

potential by preserving

its material structure through
multiple uses for as long as possible.

Lost potential for material use

Cascade approach and circularity

Woody biomass should be used for
the highest-value material
applications at each stage, through
various phases of material usage
before the final energy production
processes, extending the lifespan
of wood fibers, promoting resource
efficiency (including reuse and
recycle) and keeping biogenic
carbon out of the atmosphere for
as long as possible (long-lived
products)

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Environment, Agriculture and Forestry (LEAF)

Source: EPF, 2025
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Short-term - Longer-term ) Extended
N carbon release (°)  carbonrelease B Longer-term
Carbonstore () . o = ©) carbon release
® T
"3
Y ia i N
LA <
Time
Removals e.g., Bioenergy e.g., Building sector Recycling and
(photosynthesis) cascading
Source: modified from Metabolic Institute and Probos, 2026
Oip. Terttorio e Sistem! Agro-Forestal (TESAF) | Dept. Land, Environment, Agric
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CLT or X-LAM

Cross-laminated timber

At least three layers of wood
planks glued together (or otherwise
joined), where the direction of the
grain in adjacent layers is
perpendicular to each other

Source: Verkerk et al., 2021

Dip. Territorio e Sistemi Agro
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LVL

Laminated veneer lumber

Peeled spruce or pine veneers
(up to 6 mm thick) glued
together in a continuous
process, using a phenolic resin

ESAF) | Dept. Land, En
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Innovative wood-based products (FAO, 2021)

Product | Main uses and

Engineered wood products (CLT, LVL) Building elements

{J farnet,

o

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Envir

griculture and Forestry (LEAF)
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Carbon Removals and Carbon Farming
@ (CRCF) Regulation (EU) 2024/3012
Carbon Removals and :

Carbon Farming S =
N dey

‘w \a Permanent removals
i‘» via Industrial
"~ technologies
(after 2030)

4 Carbon i;:q . Long-lasting
» farming % products

Examples:

Afforestation/Reforestation Do S UDNSULCHCH

Direct air carbon capture with storage

Wetland restoration
Agroforestry
Farming practices (e.g. no-tillage)

Timber and wood-based
Crop-based

products: (DACCS)

Bioenergy with carbon capture and
storage (BECCS) and other methods
(BioCCS)

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Envir
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Innovative wood-based products (FAO, 2021)

Product

Main uses and applications |

Wood foam Insulation (thermal and acoustic), packaging

Bioplastics Packaging

Wood-based composites Packaging, disposable products

Wood-based textile fibres

Textiles

Wood-based
composites

Wood-based
textile fibers

Wood foams Bioplastics

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Environment, Agriculture and Forestry (LEAF)

32

UNIVERSITA DI PADOVA - 1222

EU Forest Strategy to 2030

2.2 Ensuring sustainable use of wood-
based resources for bioenergy

Wood based bioenergy is currently
the main source of renewable
energy, supplying 60% of EU’s
renewable energy use. To meet the
at least 55% emission reduction
target by 2030 (...) Bioenergy will
continue to have a notable role to
play in [the energy] mix

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Envi
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Other innovative wood-based
products

Bio-fuels (2" generation biofuel from
woody material), bio-pharmaceutics
and bio-cosmetics (cellulose,
hemicellulose, barks), ...

www.sodra.com/en/global/Bioproducts/

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Environment, Agriculture and Forestry (LEAF)

33

Woody biomass flows in the forest-
based sector in the EU, 2017

Direct and indirect energy uses
accounted for almost 70% of the total
roundwood production in 2017

kilo tonnes of dry matter including net trade.
Gurria et al. (2022)

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Environment, Agriculture and Forestry (LEAF)
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EU roundwood production refative to 2000 (2000 = 100)

EU roundwood production per use
category, relative to 2000 (2000 = 100)

EU countries covered.

Austria (AT), Belgium (BE) Bulgaria (BG), Croatia
(HR), Czechia (CZ), Denmark (DK), Estonia (EE),
Finland (Fl), France (FR), Germany (DE), Hungary
(HU), Ireland (IE), Italy (IT), Latvia (LV), Lithuania
(LT), Netherlands (NL), Portugal (PT), Romania
(RO), Slovakia (SK), Slovenia (Sl), Spain (ES),
Sweden (SE)

Indexed values

Period: 2000-2023

IRWD = Industrial Roundwood
WF = Wood fuel

Okt
Year

Assortment <+~ IRWD == TOT_RWD -~

Source: own elaborations from FAOSTAT, 2024

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Environ
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Increasing global demand for wood-based products (min m3)

Industrial (@) Sawnwood, veneer/plywood 1785 1867 +91 to +100%
use and sawnwood in mass wood
products for construction (CLT)
(b) Particle/fiberboard, pulp, 1090 1382 1474 +27% to 35%
and MMCF
Bioenergy 1926 1600 7 700 -19% to +400%
Total 3949 4767 11041 +21% to 57%

Own elaborations from FAO (2022)

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Environment, Agriculture and Forestry (LEAF
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Supply of biomass for materials and

Can Supply meet demandr) bioenergy generated in the EU (EJ per year)

The case for Europe =

& a

s z
E— ]

Currently woody biomass covers 2 P ]
70% of EU biomass supply for I ——
material and energy -> —
(Material Economics, 2021)

e T

Sistemi Agro-Forestali (TESA
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PoTENTIALY
AALIBLE  RANGEOF VALUES BASED
SIPPLYZIS)  ONEUSTING STUDES

75% of EU forest
growth is currently
harvested: some

< ["» increaseis
( #l possible but with
limitations

(accessibility,
economical
viability)
possible risks
of adverse
impacts (carbon

ANNUAL FOREST REMOVALS OF WOOD RESIDUES LEFTIN wreRowt - cycle, soil,
GROWTH AND RESIDUES" FORESTS biodiversity)

__\
--I/

PPRWISTE (05 . 0808 510

wawsr 0w @u 0208

[r— 7 . Current supply (EJ Potential supply in 2050 (EJ)
e Sapey &) 831088

SAF) | Dept. Land, Environment, Agriculture and Forestry (LEAF)

Material Economics (2021)




Besides ecological and economic constraints, e Scenario
possible policy tradeoffs = Modern Growth Bioenergy Penetration
GE, Wood Resource Balance 2040 Miood Resource Belance 2090
> D mios Briech 903 Export 5
> Missing Supply paneis 107 [i%4 § o
s . [ :
= A possible 15 to Recytns 74 roe 10 LA
’ - . 24% gap between = £ o :
proecies RS - BEED SRR
emand ana su
AR v Cr oouaion pply
Forest & Biodiversity Strategies RED T F
ez Nature Restoration Law = 3
degraded g z
ecosystems . g B
restored by EMAND 040
2050
Oip. Tertorio e Sistemi Agro-Forestall (TESAF) | Dept. Land, Environment, Agriculurs and Forestry (LEAF) Modified from EPF (2025) Dip. Terrorio e Sistemi Agro-Forestal (TESAF) | Dept. Land, Environment, Agriculure and Foresty (LEAF) EPF (2025)
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Legend Region North Region West Bloeconomy made In’?

: Overall, the EU is a biomass net importer

- S Net-imports = 1.8% of total biomass supply in 2022 (JRC, 2025)

e I I I - Limited dependency in absolute terms, but...
Wood supply S oo gl - Significant differences across different biomass types
shortages mionmaeverber iionma over b - Relevant negative externalities (leakage) may be associated
expected in all , to this patterns and dynamics
:ﬁg';';ftﬁzf:':tne I I I I I I I I I (e.g. biodiversity losses due to land use changes and farming
I intensity. Social externalities and spillovers are possible too)

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Environment, Agriculture and Forestry (LEAF) EPF (2025) Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Environment, Agriculture and Forestry (LEAF)
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Total EU27 deforestation exposure (hectares) from imports of agricultural commodities
globally from 2014 to 2023.
Cocoa MOilpaim | Soy MiCoffee [MICattle products [Mlindustrial roundwood [iRubber — Other

260k

48.9k
250K 2483k 2 2433k

2319k
2017k
200k

1703k

150k 138.4k
106.9k

8
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92.3k ha deforestation risks
estimated in 2023 as associated to
EU imports (194k ha avg. 2014-23)

Reduction mainly due to decrease
of deforestation in Indonesia and in
EU palm oil imports (phase-out of
palm oil-derived biofuels)

Other commodities remained stable
(e.g., cattle products)

Regulation UE 2023/1115 (EUDR)

2014 20 206 207 208 200 2020  zom 2022 2028 postponed and weakened
Trase, 2026 “=- trase
Dip. Terrtoro e Sistemi Agro-Forostali (TESAF) | Dept. Land, Envir nd Forostry (LEAF)
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Provisioning

hazards

Protection against

Cultural

Recreation, sport, tourism
GLENTAREW L RS

Landscape

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Environment, Agriculture and Forestry (LEAF)

Life Provisioning Bioeconomy
support Food, feed, water, EIEmEED
energy, fibers, |$ «traditional» and
ildi i innovative
Soil formation building materials... ;
materials and
Nutrient cycle products
Primary .
production Regulating Resilience

Climate regulation,
protection against
hazards, habitat
conservation...

Conservation
Restoration
Protection

Cultural Wellbeing

Aesthetics, religious, Health
spiritual, recreation, |$ Social inclusion
education, scientific, New social

health ... demand/needs

o
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The ecosystem service framework

Mainly private goods

Market
Focus: technological
innovation, efficiency

Mainly public goods
Without market

Mixed public e private goods
With/without market
Focus: social innovation

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Enviro

‘0 and Forestry (LEAF)
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% of total forest value/$T

Regulating

50-150

I Value element not quantified

Source: BCG (2020)

65-90% Provisioning  Cultural
""" L 2-7% .
Total forest value Climate-regulatory Environmental Commercial Social
in 2020 value’ value: value value:
($trillions) =
-1.*.._-.
(119

80-95% of the value of
global forests not explicit
and from services with no
active market

Unbalanced distribution

Europe and Asia: 20% of
global forest area, 50% of
commercial value

Climate, environmental
and social values largely
concentrated in tropical
and subtropical areas

Dip. Territorio e Sistemi Agro-Forestali TESAF) | Dept. Land, Environment, Ag

d Forestry (LEAF)
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Segregation = = = = = = = = = = = = = + Integration
, 2 Natural forest M
Strict . Uneven-aged
conservation Multiple species Low
and rewilding No/little management PR C
perspective

and approach a——
Multiple species
Adaptive and site-
specific management
Landscape diversity

Cloe to natre forestry

Traditional High
bioeconomy Planted forest

perspective Even-aged High Low
and approach Single (or few) species

Intense management Low

multifunctional management perspective

Restoration, resilience and adaptive
and approach

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Environment, Agriculture and Forestry (LEAF)

Modified from Larsen (2026)
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Some final considerations

 Traditional and prevalent one:
provisioning services and
technology - high potential, but with
ecological constraints, policy trade-offs
and possible spill-over effects too
(externalities)

* Multifunctional role of forests:
market and non-market benefits (less
provisioning services, more public
benefits > landscape integration)

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Environment, Agriculture and Forestry (LEAF)
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Some final considerations

 Forests: a possible climate change (cc)
driver (land-use changes) and resources
for mitigation and adaptation

 Affected by cc too: changed C-stock,
growing stock, wood removals and other
benefits > ecological, market supply and
other socioeconomic impacts

« Different bioeconomy views and
paradigms

52

UNIVERSITA DI PADOVA - 1222

Some final considerations

» Combine different management objectives and address
multiple societal needs

 Take into account ecological and socioeconomic differences
across regions and countries

» Consider changes in the short- and long-term both ecologically
(e.g. species shifts) and socioeconomically/geopolitically

» EU Bioeconomy: Growth and innovation (2012) >
Sustainability and circularity (2018) - Resilience and
strategic autonomy (2025) ...

Dip. Territorio e Sistemi Agro-Forestali (TESAF) | Dept. Land, Environment, Agriculture and Forestry (LEAF)
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Thanks

Mauro Masiero

Dept. of Land, Environment, Agriculture and Forestry
University of Padova

mauro.masiero@unipd.it

UNIVERSITA DI PADOVA
Dipartimento

di Territorio e Sistemi
agro-forestali
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