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Climate crisis
Built environment (construction, usage, renovation and demolition)
~40% of global emissions (expected to double by 2060)
Global human-made mass exceeds all living biomass

Urbanization & population growth Megacities

Elhacham et al. 2020 

https://www.nature.com/articles/s41586-020-3010-5 

European Commission, 2020. “In focus: Energy Efficiency in Buildings.” Brussels 7

https://www.nature.com/articles/s41586-020-3010-5
https://doi.org/10.5281/zenodo.7870473
https://commission.europa.eu/news/focus-energy-efficiency-buildings-2020-02-17_en


EU policies affecting building with wood

• European Green Deal (2019)

• Renovation wave (2020)

• Circular Economy Action Plan (2020)

• Fit for 55 package (2021)

• Carbon Removals Certification Regulation (CRC, 2022)

• Construction Products Regulation (CPR revision, 2022)

• Energy Performance of Buildings Directive (EPBD 2018, recast 2023)

• EU Taxonomy Environmental Delegated Act (Taxonomy, 2023)

• New European Bauhaus (2020): a novel co-creation approach
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New European Bauhaus (NEB)
Values & principles

European 
Green Deal 

Built Environment

European Commission, 2023. “New European Bauhaus Compass.” Brussels 9
Photo: BUGA Wood Pavilion© European Union, 2022

https://doi.org/10.5281/zenodo.7870473
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/new-european-bauhaus.europa.eu/system/files/2023-01/NEB_Compass_V_4.pdf


basajaun-horizon.eu 
ecorefibre.eu | digineb.eu
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• InnovaWood - Network of wood research, innovation, education

• European Panel Federation (EPF) 

• European Confederation of Woodworking Industries (CEI-Bois)

• European Organisation of the Sawmill Industry (EOS) 

• European Federation of Building and Woodworkers (EFBWW)  

• InnoRenew CoE
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wood4bauhaus.eu
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basajaun-horizon.eu 
ecorefibre.eu | digineb.eu

Cities as carbon sinks
Forest-construction chain as a major carbon pump

Built environment

© Kies, Heräjärvi, Garcia et al. 2022 (modified)

Skills & education

Circular
 

Economy

CO2

O2

Forest management Long-life wood products

Digitalisation
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basajaun-horizon.eu 
ecorefibre.eu | digineb.eu

10 Policy recommendations & 
Research needs/priorities
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1. Upscale the rate of renovation and new build, incl. social housing

2. Carbon removal, carbon storage and substitution benefits of 
long-life biomaterials should be quantified, incentivised and rewarded

3. Hybrid engineered wood products & building systems need to be 
enhanced towards higher circularity & sustainability: reuse, 
remanufacture, design-for-disassembly, recovery, resource use

4. Digitalisation for more prefabrication and smart manufacturing in

5. Secure the supply for wooden raw materials and tree species

6. Enhance wood recycling, gain access to post-consumer wood

7. Future skills and education, create new jobs

8. Recover traditional knowledge, techniques, cultural heritage

9. Human well-being and health, benefits from regenerative design

10. Transdisciplinarity and open innovation with all relevant disciplines W4B, 2021. bit.ly/w4bpr | bit.ly/w4brn  

wood4bauhaus.eu

http://www.basajaun-horizon.eu/
https://bit.ly/w4bpr
https://bit.ly/w4brn
http://www.wood4bauhaus.eu/


In Europe, timber structures can mainly be found in 
residential housing and long-span structures
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Baño, V., Domenech, L., Mazzey, C., Vieillard, T., & Journot, J. B. (2023). HARDWOOD GLULAM IN COMPLEX STRUCTURES: DESIGN AND CONSTRUCTION OF THE MACA MUSEUM IN 
URUGUAY. Proceedings from the 13th World Conference on Timber Engineering 2023, 4730. https://doi.org/10.52202/069179-0575

Media Madera Ingenieros Consultores, Amorebieta bridge, Spain. www.mediamadera.com

https://mediamadera.com/proyectos/puente-de-madera-en-boroa-larrea/
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Trends in timber structures

Taller multistorey 
timber buildings

Basterra A, Baño V, López G, Vallelado P, García I, Moltini G, Cabrera G. 2022. Application and dissemination of innovative solutions for the promotion of mid-rise timber 
construction in the SUDOE area: Identification and Analysis. DOI 10.5281/zenodo.7692174

Changes in how 
buildings are designed 

and built

Some of them are 
inadvertently reducing 

structural safety

Needs to improve 
sustainability

Lawrence, Andrew, Ishan Abeysekera, and Andrew Smith. 2023. “As Structural Engineers, Safety Must Be Our Highest Priority.” https://Www.Arup.Com/Perspectives/as-
Structural-Engineers-Safety-Must-Be-Our-Highest-Priority#, 2023
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Basterra A, Baño V, López G, Cabrera G, Vallelado P. 2023. Identification and Trend Analysis of Multistorey Timber Buildings in the SUDOE Region. Buildings 2023, 13(6), 
1501; https://doi.org/10.3390/buildings13061501

Ratio wood m3/built m2 in mid-rise buildings (ES, PT, FR)

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

Apartments in Cavallers

Adoma social housing

Residential building in Granada

Entrepatios Las Carolinas cohousing

Hondarribia sponsored housing

Redbridge School

La Borda residence

ARV8 residence

La Balma residence

Cirerers residence in Roquetes

Impulso Verde building

Cornellá sponsored housing

6x6 block residence

Wittywood office building

Hyperion residence

Our-Shelves-Houses (OSH) residence2023

2022

2021

2019

2018

2015

2013

56%31%

13%

Wood species

Spruce Douglas fir Radiata pine
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Coniferous species 
predomination 

(mainly Picea abies L.  
and Pinus sylvestris L.) 

Avitabile, V, Baldoni E, Baruth B, and Bausano G. 2023. “Biomass Production, Supply, Uses and Flows in the European Union.” EC JRC. https://doi.org/10.2760/484748.

Most significant 
broadleaves: 

Quercus spp. and 
Fagus sylvatica L. 

(in northern regions 
Betula spp.)

Tree species available for use
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Under this scenario, the availability of species commonly used in wood construction (e.g. spruce from Central Europe) and their 

properties may be affected in the coming years and the matrix of species available for structural use might vary.

Climate change impacting on forests

Lindner, Markus, and Hans Verkerk. 2021. “Key Questions on Forests in the EU: How Has Climate Change Affected EU Forests and What Might Happen Next?” EFI Forest 
Questions Blog. Https://Efi.Int/Forestquestions/Q4. 2021
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State of the art of the European wood 
species available nowadays for structural 
purposes

Needs for additional research to 
boost the efficient use of structural 
wood in the construction sector
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Timber structures 
value chain

Structural design 

Wood grading Construction:
off-site prefabrication

& on-site assembly

Engineered Wood 
Products (EWP)

Architectural 
design 

Eurocode 5

CNC machining

© Simonin, 2021

BIM modelling

Baño, 2021

Basterra et al. 2022

Basterra et al. 2022

Microtec, 2021
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Baño, 2012



Structural design 

Wood grading Construction:
off-site prefabrication

& on-site assembly

Engineered Wood 
Products (EWP)

Architectural 
design 

Eurocode 5

CNC machining

@ Simonin, 2021

BIM modelling

Baño, 2021

@ Basterra et al. 
2022

@ Basterra et al. 
2022

@ Microtec, 2021

CEN TC 124. 

TIMBER STRUCTURES

CEN TC 250. EUROCODES

SC5. Eurocode 5. Design of timber structures

CEN TC 124. Timber Structures. Brussels

21

Timber structures 
value chain

CEN TC 250/SC5. Eurocode 5: Design of timber structures. Brussels

https://doi.org/10.5281/zenodo.7870473
https://standards.cencenelec.eu/dyn/www/f?p=205:7:0::::FSP_ORG_ID:6106&cs=1F3D22C74E26D8E899D9C80E4784572E2
https://standards.cencenelec.eu/dyn/www/f?p=205:7:0::::FSP_ORG_ID:6459&cs=111FAD3CAB95FCD1866E2EF0C9CF18C8D


Wood grading

Engineered Wood 
Products (EWP)

CNC machining

@ Simonin, 2021

@ Microtec, 2021

CEN TC 124. 
TIMBER STRUCTURES

WG1. Test methods

WG2. Solid timber

WG3. Glued laminated timber

WG4. Connectors

WG5. Prefabricated walls, floors and roofs

Strength-graded structural timber with rectangular cross-section

Determination of the physical and mechanical properties

Glulam (GLT), Cross-laminated timber (CLT), Laminated veneer lumber (LVL), Structural 

finger-jointed jointed timber; Glued solid timber

Nails, staples, screws, dowels, bolts, steel shear plates, split ring connectors, tooth plate 
connectors, punched metal plate fasteners and nailing plates

Trusses for roofs, walls and floors, frames, composite beams and girders; framing 

members 
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Timber structures 
value chain

Adapted from CEN TC 124. Subcommittees and working groups. Brussels

https://doi.org/10.5281/zenodo.7870473
https://standards.cencenelec.eu/dyn/www/f?p=205:29:0::::FSP_ORG_ID,FSP_LANG_ID:6106,25&cs=1AAB5C07EE7F9915633CC5A14CC21B772#1


Structural design 

Construction:
off-site prefabrication

& on-site assembly

Architectural 
design 

Eurocode 5

BIM modelling

Baño, 2021

@ Basterra et al. 
2022

@ Basterra et al. 
2022

CEN TC 250. EUROCODES
SC5. Eurocode 5. Design of timber structures

Draft prEN1995-1-1:2023. Part-1-1. General rules and rules for buildings
Draft prEN1995-1-1:2023. Part 1-2. Structural fire design
Draft prEN1995-1-1:2023. Part 2. Bridges
Draft prEN1995-1-1:2023. Part 3. Execution
(confidential for CEN TC 250/SC5) 

WG1. Cross-laminated timber

WG2. Timber-concrete composites

WG3. Cluster Eurocode 5

WG4. Structural fire design

WG5. Connections and fasteners

WG6. Timber bridges

WG7. Reinforcement

WG8. Seismic design
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Timber structures 
value chain

Adapted from CEN TC 250/SC5. Subcommittees and working groups. Brussels

https://doi.org/10.5281/zenodo.7870473
https://doi.org/10.5281/zenodo.7870473
https://standards.cencenelec.eu/dyn/www/f?p=205:29:0::::FSP_ORG_ID,FSP_LANG_ID:6459,25&cs=1EC18F73A81E2AB9D77A6846EA863228C#1
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Sawn softwoods and hardwoods production 

(developed from FAOSTAT database 2023)

2
0

3
0

Annual
rate
+1.8%

Sawnwood

The construction sector consumes 
most sawn softwood produced in 
Europe (EOS 2023)

In 2022, sawn softwood species 
represented 92% of the total 
sawnwood production and hardwood 
species 8%

Only a few species are available for 
structural purposes in Europe

Global softwood production is 
expected to increase at an annual rate 
of 1.8% by 2030, with 50% of the wood 
volume destined for construction 
purposes as a substitute for steel, 
concrete and masonry
(2022-2030: +15%) 

24

EOS European Organisation of the Sawmill Industry. 2023. “ANNUAL REPORT 2022-2023 OF THE EUROPEAN SAWMILL INDUSTRY”. https://eos-oes.eu/annual-reports/ 

https://eos-oes.eu/annual-reports/


Wood

NDT

Visual 
grading

Machine 
grading

Static
testing

Bending

tests

Tension 
tests

Relationship

Strength classesVisual grades IP

Wood grading

25
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Wood grading

26
Adapted from EN 338: 2016. Structural timber - Strength classes

https://standards.cencenelec.eu/dyn/www/f?p=CEN:110:0::::FSP_PROJECT,FSP_ORG_ID:35878,6106&cs=123DFC79F13D4980E3376AD907CB77F3D


76
tree species

in the
EU Atlas

EC JRC, 2016. The European Atlas of Forest Tree Species. https://forest.jrc.ec.europa.eu/en/european-atlas/atlas-download-page 
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Available 
for use 

(graded)

8
Softwoods

EU-27

Visual grading

9
Hardwoods

27
FprEN 1912: 2023. Structural Timber - Strength classes - Assignment of visual grades and species (under approval)

Avitabile, V, Baldoni E, Baruth B, and Bausano G. 2023. “Biomass Production, Supply, Uses and Flows in the European Union.” https://doi.org/10.2760/484748.

Strength classes C & D

Softwoods Strength classes

C T

Abies alba CNE Europe, Northern Europe, FR, IT, SI, 
IE

AT, CZ, DE, SI, SK

Larix decidua CNE Europe, Northern Europe, FR, IT AT, CZ, DE, IT

Picea abies NE Europe, Northern Europe, SI, FR, IT, SK AT, CZ, DE

Pinus pinaster FR, ES, PT -

Pinus radiata ES

Pinus sylvestris CNE Europe, Northern Europe, ES, FR AT, CZ, DE, PL

Pinus nigra, ssps. 
laricio/Salzmannii/
nigra

FR, IT, ES -

Pseudotsuga
menziessii

DE, IT, AT, FR AT, BE, DE

Hardwoods Strength classes

C D T

Acer pseudoplatanus - DE -

Castanea sativa FR IT, ES -

Eucalyptus globulus - ES -

Eucalyptus nitens - - ES

Fagus sylvatica - IT, FR, BE, DE -

Fraxinus excelsior - DE -

Populus x canadensis FR - -

Populus nigra DE - -

Quercus robur/petraea - FR, BE, DE -

https://forest.jrc.ec.europa.eu/en/european-atlas/atlas-download-page
https://standards.cencenelec.eu/dyn/www/f?p=CEN:110:0::::FSP_PROJECT,FSP_ORG_ID:67517,6106&cs=1F5A853C292A5FBD4646E821DF5BD1871
https://op.europa.eu/en/publication-detail/-/publication/993be4a7-b74c-11ed-8912-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/993be4a7-b74c-11ed-8912-01aa75ed71a1/language-en
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How to design timber structures 
from visually graded wood species?

EN 1912 

Relationship between the 
visual grades and the 

strength classes  

EN 338

Physical and mechanical 
properties for the strength 

classes  

Numerical simulation

Lineal elements

Eurocode 5

Dimensioning

FprEN 1912: 2023. Structural Timber - Strength classes - Assignment of visual grades and species (under approval)

EN 338: 2016. Structural timber - Strength classes

https://standards.cencenelec.eu/dyn/www/f?p=CEN:110:0::::FSP_PROJECT,FSP_ORG_ID:67517,6106&cs=1F5A853C292A5FBD4646E821DF5BD1871
https://standards.cencenelec.eu/dyn/www/f?p=CEN:110:0::::FSP_PROJECT,FSP_ORG_ID:35878,6106&cs=123DFC79F13D4980E3376AD907CB77F3D


?? 
Machine graded 

for structural 
purposes

EU-27

Machine grading
CEN TC124 WG2 

• Not published in EN 
standards

• Results remain
available for the CEN 
TC124 WG2 and 
through the websites
of the sawmills

• Difficult to know how
many species are 
machine-graded and 
what are their
strength classes

© Microtec facilities

29



State of the art of the European wood 
species available nowadays for structural 
purposes

Needs for additional research to 
boost the efficient use of structural 
wood in the construction sector

1) Raw material 2) Reclaimed wood 3) FEM 4) LCA

30



1) Raw material

31

2) Reclaimed wood

3) Finite element model

4) LCA

Are the properties of wood species known for the structural 
design according to Eurocode 5?
Are wood resources locally available in EU-27 countries that 
are suited for structural purposes?

Can reclaimed wood be used for structural purposes? 
Are there any EN or national standards which provide their 
properties?

Are the isotropic/orthotropic properties known for the finite 
element model (FEM) design of complex structures beyond 
the Eurocode 5?

Is an optimal structural efficiency in building design
considered in the carbon storage of buildings?  



1) Raw material
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Softwoods Strength classes from visual grading

C T

Abies alba CNE Europe, Northern Europe, FR, IT, SI, 
IE

AT, CZ, DE, SI, SK

Larix decidua CNE Europe, Northern Europe, FR, IT AT, CZ, DE, IT

Picea abies NE Europe, Northern Europe, SI, FR, IT, SK AT, CZ, DE

Pinus pinaster FR, ES, PT -

Pinus radiata ES

Pinus sylvestris CNE Europe, Northern Europe, ES, FR AT, CZ, DE, PL

Pinus nigra, ssps. 
laricio/Salzmannii/
nigra

FR, IT, ES -

Pseudotsuga
menziessii

DE, IT, AT, FR AT, BE, DE

Hardwoods Strength classes from visual grading

C D T

Acer pseudoplatanus - DE -

Castanea sativa FR IT, ES -

Eucalyptus globulus - ES -

Eucalyptus nitens - - ES

Fagus sylvatica - IT, FR, BE, DE -

Fraxinus excelsior - DE -

Populus x canadensis FR - -

Populus nigra DE - -

Quercus robur/petraea - FR, BE, DE -



WG2R?. Reused Solid timber

“Requirements for visual grading in reclaimed wood should be different than in the case of new timber” (Llana 2023)

What about …machine grading?
…strength classes for softwoods tested in bending (CR?) and in tension (TR?)?
…strength classes in hardwoods in bending (DR?) and in tension (DTR?)?

Llana D, Íñiguez G, Plos M, Turk G. 2023. Grading of recovered Norway spruce (Picea abies) timber for structural purposes. Construction and Building Materials. Volume 398, 22. 
https://doi.org/10.1016/j.conbuildmat.2023.132440

Llana 2023

Llana 2023

CEN TC 124. 
TIMBER STRUCTURES2) Reclaimed wood
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https://doi.org/10.5281/zenodo.7870473
https://www.sciencedirect.com/science/article/pii/S0950061823021566
https://www.sciencedirect.com/journal/construction-and-building-materials
https://www.sciencedirect.com/journal/construction-and-building-materials/vol/398/suppl/C
https://doi.org/10.1016/j.conbuildmat.2023.132440
https://www.sciencedirect.com/science/article/pii/S0950061823021566
https://www.sciencedirect.com/science/article/pii/S0950061823021566


WG2R?. Reused Solid timber

WG3R?. Glued laminated timber

WG5R?. Prefabricated walls, floors and roofs

WG4R?. Connectors

???

CEN TC 124. 
TIMBER STRUCTURES2) Reclaimed wood

34

Llana 2023

Llana 2023

Baño 2016

Can the reused/reclaimed solid timber be used for manufacturing EWP?

How to design the connections in structural components made from reclaimed wood?

https://www.sciencedirect.com/science/article/pii/S0950061823021566
https://www.sciencedirect.com/science/article/pii/S0950061823021566


Line elements Shell elements Solid elements

Standards for these properties???

Baño V & Moltini G. 2021. Experimental and numerical analysis of novel adhesive-free structural floor panels (TTP) manufactured from timber-to-timber joints. Journal of 
Building Engineering 35. DOI: 10.1016/j.jobe.2020.102065
Gecys T, Daniunas A, Bader T K, Wagner L, Eberhardsteiner J. 2015. 3D finite element analysis and experimental investigations of a new type of timber beam-to-beam 
connection. Engineering Structures 86(2). DOI: 10.1016/j.engstruct.2014.12.037

Baño 2021 Gecys 2015Gecys 2015

3) Finite element modelling (FEM)
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EN 1912 EN 338

https://doi.org/10.5281/zenodo.7870473
https://www.researchgate.net/journal/Journal-of-Building-Engineering-2352-7102?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Journal-of-Building-Engineering-2352-7102?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
http://dx.doi.org/10.1016/j.jobe.2020.102065
https://www.researchgate.net/publication/270913022_3D_finite_element_analysis_and_experimental_investigations_of_a_new_type_of_timber_beam-to-beam_connection
https://www.researchgate.net/journal/Engineering-Structures-0141-0296?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
http://dx.doi.org/10.1016/j.engstruct.2014.12.037
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• Properties not available in EN standards

• Publication of reference: 
Wood handbook – USDA for the US

• Some scientific papers with properties for
European species

Senalik C A, Farber B. 2021. Chapter 5. Mechanical properties of wood. Wood Handbook: wood as an engineering material. Forest Products Laboratory. USDA. US

3) Finite element modelling (FEM) Properties for the US wood species

https://doi.org/10.5281/zenodo.7870473
https://www.fs.usda.gov/research/treesearch/62244


Churkina, Galina, Alan Organschi, Christopher P.O. Reyer, Andrew Ruff, Kira Vinke, Zhu Liu, Barbara K. Reck, T. E. Graedel, and Hans Joachim Schellnhuber. 2020. “Buildings as a 
Global Carbon Sink.” Nature Sustainability. Nature Research. https://doi.org/10.1038/s41893-019-0462-4

How to consider the resource efficiency 
(raw material) in carbon storage of 

timber buildings?

More efficiency in the structural design (less m3 wood /m2 

built) could result in less carbon stored in buildings

4) Life Cycle Assessment (LCA)

37

European_Commission (6th Dec. 2023). Single market and standards. Industry. Sustainability. Buildings and construction. 

“Greenhouse gas emissions from material extraction, 
manufacturing of construction products, as well as 
construction and renovation of buildings are estimated at 
5-12% of total national GHG emissions. Greater material 
efficiency could save 80% of those emissions.” (European 
Commission 2023)

“Mid-rise urban buildings designed with 

engineered timber can provide long-term 

storage of carbon and avoid the carbon-

intensive production of mineral-based 

construction materials” (Churkina et al., 2020)

Timber buildings as carbon sinks Resource efficiency in construction

https://www.nature.com/articles/s41893-019-0462-4
https://www.nature.com/articles/s41893-019-0462-4
https://single-market-economy.ec.europa.eu/industry/sustainability/buildings-and-construction_en


4.4. There is a need for connecting the structural efficiency of timber buildings with 
the carbon storage potential in buildings. According to the current methodologies, 
using less raw wood could result in lower carbon storage in buildings.

Conclusions 1. EU Green Deal for climate neutrality by 2050 is boosting wood construction, with 
structural components representing the highest wood volume in buildings.

2. Timber components in buildings as a substitute for steel and concrete are expected 
to increase, yet with a focus on a few main softwood species. 

3. Climate change is however affecting the future wood supply of these species.

4. The identified gaps to answer the need for more supply of sustainable materials as 
structural components in the construction sector are: 

4.1. Limited matrix of graded wood species from a few of origins:       Standards need 
a revision to provide the properties for new species from different EU countries from 
both bending and tensile testing.

4.2. No EN standards for grading reclaimed wood or for manufacturing EWPs from 
reclaimed wood are currently available.

4.3. No EN standards with isotropic/orthotropic properties and elastic constants for 
modelling complex structures using finite element modelling (FEM)
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Research needs for European species in a scenario of 
increasing structural wood demand for building

Vanesa Baño, Uwe Kies, Patrycja Zaton

vanesa.bano@innovawood.eu

https://www.sumfak.unizg.hr/en/science-and-international-cooperation/conferences/icwst-2023/
mailto:vanesa.bano@innovawood.eu
https://cordis.europa.eu/project/id/101081788
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Moltini, G.; Íñiguez-González, G.; Cabrera, G.; Baño, V. Evaluation of Yield Improvements in Machine vs. Visual Strength Grading for Softwood Species. Forests 2022, 13, 2021. 
https://doi.org/10.3390/f13122021

Example for softwoods in Spain

Timber structures
advantages of machine vs. visual grading

Machine Machine Machine

Microtec facilities

https://doi.org/10.3390/f13122021
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