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Richter 1991 
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Reduce Reuse Recycle
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Closing the Loop: EU Action Plan
on Circular Economy (Dec 2015)



Technische Universität MünchenHolzforschung München

Forest-Wood Industries
Masterplan for
sustainable economy
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Incentives for fostering cascade use of wood

- Safeguarding of resources in the biosphere
- Longer carbon storage and higher land use efficiency
- Maintain added value
- Create business opportunities by technological development
- Increase competitiveness of wooden products
- Reduce environmental impacts 
- Political EU-Framework

• Roadmap to a Resource Efficient Europe (EC 2011b)
• Circular Economy and Zero Waste Program (EC 2011a)
• Landfill ban by 2025 (EC 2014)
• EU Action Plan on Circular Economy (EC 2015)
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Motivation
Wood supply in the EU 27 in 2010

950 Miom3 Material

Energy

LandfillWaste wood
50 Mio m3

Cascading of wood

 Definiton

 Metrics to calculate 
cascade use

 Environmental impacts

 Efficiency of wood use

 Barriers

 Options for promotion

Source: Mantau et al. (2010) EUwood - Real potential for changes in 
growth and use of EU forests: Final report.

Challenge
Demand exceeds supply in 2018 to 2030

Options
Increasing supply
Decreasing demand
Increasing efficiency of wood utilization
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Concept of cascading

(Höglmeier 2014)
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Definition 1

Cascading use is a strategy to use raw materials 
such as wood, or other biomass, in 
chronologically sequential steps as long, often 
and efficiently as possible for materials and only 
to recover energy from them at the end of the 
product life cycle. 

The use of the same unit of wood for multiple 
successive applications with a gradual reduction 
of quality and particle size.
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Definition 2

“Cascading use: biomass is processed into a bio-
based final product and this final product is used at 
least once more either as a material or for energy 
production.
Cascading use of biomass is described as single-
stage, when the bio-based final product is used 
directly for energy production. Cascading use of 
biomass is described as multistage when biomass is 
processed into a bio-based final product and this 
final product is used at least once more as a 
material. It is only after at least two uses as a 
material that energy use is permitted.”
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They are not suitable for market flows (e.g. input flows in a 
furniture company) because market flows consist of several 
supplier, several products (particle board, MDF, HDF, OSB) at 
different times (changing resource mix) along several steps of 
the value chain in different factories for many different end-use 
products (difference between wood and paper).

Sequential definitions of cascading use (multiple steps) are 
suitable for a factory or a technical process where all 
values/data are known and “simple” to calculate. Almost all 
definitions in literature are technical oriented defintitions.
→ Micro–level perspective : Material flow/LCA-based calculations
(Arnold et al 2009, Gärtner et al 2014, Höglmeier et al. 2014/15) 

→ Macro–level perspective : market based calculations
(Mantau 2015, Carus 2014) 
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Cascades may be calculated at three different levels:
 The market as a whole (captures all interrelations, e.g. wood market);
 The submarket level (calculation on the basis of products groups, e.g. 

panel); and
 The manufacturing level (separates semi-finished products (e.g. 

particleboard) from finished products/final use (e.g. a cabinet)
 Calculation on the product level (particleboard)
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Market perspective (Blanke, Mantau 2016) 



Technische Universität MünchenHolzforschung München

Cost Action FP  1407 21

The utilisation rate summarises several input rates (residues and
recycled material) in a production process (e.g.particleboard).Thus, it
may include one or more inputs.   Several utilisation rates cannot be
combined because of the different bases for their calculation (i.e.input of
primary biomass). For each aggregated level, the relation between
biomass (denominator) and residues and recycled material (numerator) 
has to be newly calculated each time.
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Quantification of cascading on a macro level (EU 28) 
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Quantification of cascading on a macro level (EU 28) 
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Submarket / regional perspective (Nova 2015) 

Biomass Utilization Factor

• Combines production efficiency on a analysed cascade stage
with the upsteam cascade efficiency

• Intergrates energy use on the same level as product use. Only
product use generates further cascade utilisation potential.
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Product perspective (Höglmeier  et al. 2015) 

• Assessing effects of a cascading use of 
wood on 

 environmental impacts of wood utilization

 Wood flow and utilization characteristics

• Application of an LCA-based material flow 
model of the wood utilization in Southeast 
Germany
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LCA-based material flow model of wood utilization

Model specification

• Material flow model for wood 
materials and energy 
combined with linear 
optimization via GAMS

• Optimization target: 
minimizing overall environ-
mental impacts of wood 
utilization

• Minimum amounts per 
target product, derived from 
actual demand

• LCA impact categories:

 GWP
 PM formation (< 10 µm)
 Land use
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Environmental impacts of wood utilization in cascading (C) 
and non-cascading (nC) model runs for different minimized 
environmental impacts.

 GHGs reductions by 10 %, equiv. to 22.000 per capita emissions/yr

 PM formation reduced by 17%, equiv. to 800.000 per capita 
emissions/yr

Höglmeier  et al. 2015
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 Savings of primary wood between 3 and 15 % of annual supply 

Höglmeier  et al. 2015
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(1) Encouraging a multiple material use of wood is beneficial from an 
environmental point of view.

(2) Cascading impacts on the whole wood utilization system despite 
only directly adding one additional application of waste wood.

(3) An efficient waste wood collection and sorting with as few material 
losses as possible is a prerequisite for a cascading use, as it preserves 
the potential for energy production at the end of the cascade.

(4) Significance and the break-even point of technological investments and 
environmental benefits of wood cascading depend on the system

(5) Because wood (biomass) production is not credited in LCAs, the 
conservation of biomass in cascading does not document as high 
benefits as in other material systems 

Preliminary conclusions
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1) Determine resource consumption of a cascading system compared to 
a reference scenario

2) Determine resource efficiency of a cascading system compared to a 
reference scenario

3) Determine applicability of exergy analysis for multi-functional 
cascading systems

Cascading an Resource Efficiency impacts
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Categorisation according to Dewulf et al. 2007
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Definition of natural resources

Land resources

Water
Fossil fuels

Nuclear Resources
Abiotic renewable resources 

Atmospheric resources

Metal ores
Minerals

Biotic resources
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Systems under study

Risse et al 2016, submitted
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System expansion: grid, primary wood, waste wood
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Functional unit

System
Sawn timber 

in m³

Particle 

board in m³

Electricity 

in MJ

Heat in 

MJ

System expansion

Electricity in MJ Heat in MJ

C 0.846 2.082 1,398 4,194 2,854 8,563

PW 0.846 2.082 4,252 12,757
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Multi-functionality  Cascade system provides several functions along the LC 
Internal recycling processes
Bio-based system  Land area considered as relevant resource category 
Exergy analysis
 Aggregation of materials and resources in single score
 Accounts for internal recycling flows

 Calculation of efficiency is straightforward (without weighting)
 LCIA indicators account for land area as such

Proved to be a viable method for resource use accounting and analysis of 
resource use efficiency to determine hotspots of exergy dissipation and 
improve efficiency

40Cost Action FP  1407

Characteristics of (bio-based) cascading systems
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Exergy = The maximum of potential work that can be obtained from a 

resource or material when bringing it into equilibrium through reversible 

processes with the natural environment

LCIA indicator: CEENE (Cumulative Exergy Extraction from the Natural 

Environment) (Dewulf et al. 2007)

Resource efficiency according to Szargut 1988
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Exergy analysis

𝐶𝐶𝐶𝐶𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚 =
∑ 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑂𝑂𝑈𝑈𝑂𝑂𝑂𝑂𝑈𝑈𝑂𝑂𝐸𝐸𝐸𝐸

∑ 𝑅𝑅𝑈𝑈𝑅𝑅𝑅𝑅𝑅𝑅𝑈𝑈𝑅𝑅𝑈𝑈𝑅𝑅 𝑀𝑀𝑀𝑀𝑂𝑂𝑈𝑈𝑅𝑅𝑀𝑀𝑀𝑀𝑈𝑈𝐸𝐸𝐸𝐸 + 𝑅𝑅𝑈𝑈𝑅𝑅𝑅𝑅𝑅𝑅𝑈𝑈𝑈𝑈𝑅𝑅 𝑀𝑀𝑀𝑀𝑂𝑂𝑈𝑈𝑅𝑅𝑀𝑀𝑀𝑀𝑈𝑈𝐸𝐸𝐸𝐸 + 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑅𝑅𝑈𝑈 𝑆𝑆𝑈𝑈𝑂𝑂𝑂𝑂𝑈𝑈𝑅𝑅 𝐶𝐶𝐶𝑀𝑀𝑀𝑀𝐶𝐶𝐸𝐸𝐸𝐸
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1) Cascading can reduce the resource consumption

2) Cascading has a higher resource efficiency producing the same functional unit as a 
reference scenario

3) Exergy analysis proved to be a viable method to analyze resource efficiency of multi-
functional systems

4) Further research is required to integrate ecosystem services in forest processes

5) Extend resource definition and include socio-economic aspects into indicator

Conclusions and Outlook
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low barrier level high 

Barrier analysis

Vis ,  Mantau, Allen (Eds.) (2016)



Technische Universität MünchenHolzforschung München

WS_Barcelona 49

Vis ,  Mantau, Allen (Eds.) (2016)
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Vis ,  Mantau, Allen (Eds.) (2016)
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Vis ,  Mantau, Allen (Eds.) (2016)
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Vis ,  Mantau, Allen (Eds.) (2016)
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 Development of an EU standard for the classification of wood waste 
assortments to provide harmonisation between Member State 
approaches, improve understanding or potential uses and trade

 Make explicit reference to wood under the definition of organic and 
biodegradable wastes in relation to the Circular Economy package

 Develop a platform through which to share best practice on the 
cascading use of wood, particularly where existing barriers have 
been overcome in specific situations

Specific EU actions recommended
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 Improve the data around wood/wood waste use and flows through 
improved reporting and traceability of wood assortments

 Ensure that the material and resource efficient use of wood is a 
central element in the potential development of the Bioeconomy 
strategy as foreseen to be revised in relation to the Circular Economy 
package

 Harmonise energy and material policy. Addressing this issue should 
be the focus of efforts when developing the post 2020 energy and 
climate initiatives, and when considering the potential changes to the 
Bioeconomy strategy in relation to the recent Circular Economy 
package.

Specific EU actions recommended



Technische Universität MünchenHolzforschung München

Cost Action FP  1407 57

 An efficient waste wood collection and sorting is essential as it 
preserves the potential for energy conversion at the end-of-life

 Incentives for a future increased (solid) wood cascading
 Design for reuse
 On-site waste category classification and sorting
 Increase of recovery rates
 Development and application of in situ sensor, grading and 

separation techniques
 Supply chain development between disparate actors;
 Technological developments in utilising hardwood streams more 

effectively
 Improve quality of statistical data (waste wood and recycling data on 

post-consumer wood, monitor of cascading use)

Wood specific actions recommended
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www.CaReWood.org

Actual practice
building demolition
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Selected dismantling
of construction wood
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• forecasts of volumes/qualities 
of RW (post consumer/industry) 

• guidelines to facilitate future reuse
• software to support reverse logistic

models for recovery of wood
• feasibility of up-grading solid 

RW technologies
• certification and labelling criteria 

to cascaded wood;
• evaluate environmental impacts 

and socio-economic viability
 business opportunities
 Mitigation of climate change (longer carbon storage)
 Safeguarding of resources in the biosphere
 Higher societal acceptance and valorisation of wood produc

Wood Wisdom Era Net+ “Cascading Recovered Wood “CaReWood”
2014-2017
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www.CaReWood.org
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Cascade use of wood – illusion or silver bullet 
for sustainability ?



Technische Universität MünchenHolzforschung München

WS_Barcelona 63

Acknowlegdement

TUM HFM Research Group LCA

Michael Risse, Karin Höglmeier, Gabriele Weber-Blaschke



Technische Universität MünchenHolzforschung München

Cost Action FP  1407 64



Technische Universität MünchenHolzforschung München

Cost Action FP  1407 65

Roundwood Industrial Reycling

Germany 20 46 34

France 41 37 22

Italy 0 5 95

Poland 38 47 15

Spain 31 41 28

Austria 20 45 35

UK 18 31 53

Input material (%) in Particleboard production (EPF, 2010)
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German Regulation on Waste Wood Categories (WWC):

A I: natural wood, just mechanical treated
e.g. wood from packaging, pallets, cable drums, mouldings

A II: processed wood without PVC compounds
e.g. wood based panels, plywood, coated, painted or glued solid 
wood, laminated wood from interior fittings without PVC 

A III: processed wood with PVC compounds
e.g. wood with PVC-coatings, pallets with plastic composites

AIV: wood containing hazardous substances
chemically preserved wood, wood from outdoor application, wood 
containing hazardous substances, e.g. railway ties, telegraph 
poles, wooden windows, construction timber, roof beams, timber 
from demolition,…
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www.CaReWood.org

Demonstrators of cascaded solid wood
products developed
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The wood sector and the potential to influence cascading are diverse. 
Research topics in order to improve understanding further and develop new 
initiatives. These areas should include: 
in situ sorting and separation techniques; 
supply chain development between disparate actors;
technological developments in utilising hardwood streams more effectively; 
scanning and separation technologies; 
product labelling and tracing

knowledge base of wood use in end-user markets is very poor. End-user
markets consist of a broad variety of products and material mixtures, which
makes this research more complex. The quantification of end-user markets
should be promoted as well as the material proportion of such products is
needed to.
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The wood sector and the potential to influence cascading are diverse. 
Research topics in order to improve understanding further and develop new 
initiatives. These areas should include: 
in situ sorting and separation techniques; 
supply chain development between disparate actors;
technological developments in utilising hardwood streams more effectively; 
scanning and separation technologies; 
product labelling and tracing

quality of statistical data is poor (waste wood and recycling data on post-
consumer wood)

knowledge base of wood use in end-user markets is very poor. End-user
markets consist of a broad variety of products and material mixtures, which
makes this research more complex. The quantification of end-user markets
should be promoted as well as the material proportion of such products is
needed to monitor cascading use.
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improve the understanding of wood flows in Europe. For instance, 
according to wood flow analysis just over one quarter of the inflow material 
is potentially available as waste wood. Therefore, it would be important to 
analyse the destination of the other two thirds and whether this is used or 
sequestered in products. Such information could also be valuable for 
research on carbon sequestration in harvested wood products.
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