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The Bioeconomy…

u Promotes sustainable production of renewable resources from land and sea and 
their conversion into food, bio-based products, biofuels and bioenergy.

u Encompasses the sectors of agriculture, forestry, fisheries, aquaculture, food 
and pulp and paper, as well as parts of the chemical, biotechnological and energy 
industries. 

u Provides and protects public goods, such as clean air and water, fertile and 
functioning soils, landscapes, sustainable marine ecosystems and biodiversity, and 
addresses social needs. 



©  Processum  B iorefinery In itiative A B

Substituting fossil by renewable resources
A wide range of applications with a strong growth potential
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Example wood construction:  
key part of urban bioeconomy 

Prefabricated wood modules & 
elements, e.g. cross laminated timber 
(CLT) 
 
¾ rapid construction 
¾ less primary energy 
¾ less carbon emissions  
 
¾ For a 1 ton of wood products 

replacing Portland cement, estimated 
average of 2 tons of CO2 avoided 

Helsinki City new wooden library to be opened 2018 

7 storey office building in Zurich 
Photo: © Blumer-
Lehmann AG 

Image: Keskustakirjasto arkkitehtuurikilpailu  





The Biorefinery Concept
Using biotechnology to convert a variety of renewable raw materials 
(industrial crops, agricultural and forestry residues, waste, etc)…

©  Novozymes…into a wide range of value added products. 
Application of the “cascading approach“.
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Wood-based textile fibres for growing population 

� The textile market to triple by 
2050: from 80 Mt to 250 Mt. 
China & India key markets 
 

� Only 5% of world textiles are 
wood-based (viscose etc.), but 
expected to grow 10% /year 
 

� Polyester (60%) and cotton 
(30%) are less environmentally 
friendly than viscose (dissolving 
pulp based)   

 
 15 

Enocell Mill in Finland produces dissolving 
pulp for Chinese textile industry 



…produced from forestry resources and industry by-
products using industrial biotechnology 

High value materials for the automotive, packaging and 
agricultural industry…

©  FO R BIO PLAST
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products (notably cross laminated timber). This would be in the face of around 105 Mm3 

sawn wood production and 37 Mt of pulp production in the EU in 2015.

The long-term outlook for other product categories appears more uncertain at the 

moment. For example, there is no policy pull for bioplastics like that experienced in bi-

ofuels, which is why the production of biofuels is expected to reach seven million met-

ric tons in the EU by 2020, compared to less than one million metric tons of bioplas-

tics (Pöyry, 2016). The majority of these volumes are based on agricultural feedstock, 

yet wood-based feedstock can be significant in regions with a high dependency on for-

est industry. Yet, the increasing political commitment for a circular economy (European 

Commission, 2015), and the problems caused by plastic waste (e.g. ocean pollution), may 

change this trend in the coming decades. 

Although small in terms of volume, the new products are often expected to provide 

high value. The secondary wood products sector (joinery and carpentry, prefabricated 

wooden buildings, etc.) already exceeds the sawmilling sector in terms of production 

value in the EU, despite an estimated 10 times lower production volume. If forest bi-

omass-based production was to capture only 1% market share of the global fuels and 

plastics markets, it would create new turnover of €40 billion for the forest-based sector 

(Pöyry, 2016). However, very little independent research exists to judge the likelihood 

or possible impacts of such developments, partly because data on the emerging prod-

ucts are elusive. Nonetheless, the unit value of biofuels or bioplastics is not necessari-

ly high, compared to some of the established forest products, such as sanitary papers.

The interdependencies between forest product markets may play an even stronger 

role in the future, as the residues from the production of intermediate wood products 

(most notably sawn wood and pulp) account for a significant source of raw material for 

Figure 16. Examples of the possible end uses of new wood-based products (Cowie et al, 2014; Pöyry, 2016).

HIGH VALUE

• Medical, environmental, and industrial sensors
• Water and air filtration
• Cosmetics
• Organic LEDs
• Flexible electronics
• Photovoltaics
• Recyclable electronics
• Battery membranes

• Insulation
• Aerospace structure & interiors
• Aerogels
• Food & feed additives
• Paints and coatings

• Textiles
• Biofuels (crude oil, diesel, ethanol, jet fuel)
• Construction elements
• Cement additives or reinforcement fibers
• Automotive body & interior
• Packaging & paper coatings
• Paper & packaging filler
• Plastic packaging
• Intelligent packaging
• Hygiene and absorbent products

HIGH VOLUME
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Paper and 
Paperboard 

Wood Products  Total 

Turnover value 
(2014, in billion euros) 179 123 302 

Employment 
(2013, number of workers) 621 700 823 000 1.45 million 

EU forest products industries turnover & employment 
Data source: EUROSTAT 

Relevance of traditional EU forest products industry 

¾ Turnover equal to sum of French company giants GDF Suez + EDF + Airbus 

¾ Empolyment 3 x bigger than the three above companies 

¾ Including further forest-based processing industries + forestry + logistics + 
services could easily double the numbers  



In 2010, the Bioeconomy represented about:

u 2 trillion € annual turnover

u 1 trillion € value added, ±9 % GDP

u 22 million jobs, ± 9% of the EU's workforce

By 2025, funding associated to the Bioeconomy Strategy could
generate about: 

u 130 000 new jobs

u 45 billion in value added in bioeconomy sectors

Further growth is expected from other – direct and indirect – public
and private investments in all parts of the bioeconomy.

The Bioeconomy’s growth potential



FOREST IN EUROPE

The EU’s forest industries
provide employment for over 3 
million

The EU’s bioeconomy employs 
over 22 million, 9% of the 
workforce   
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European forests:  
key for Europe’s circular bioeconomy 

� Covering 37% of EU land 

� Capturing  13% of CO2 emissions 

� Renewable resources for 

- 25% of EU Bioeconomy   
- 44% of renewable energy 

� Key for the sustainability of:  
   biodiversity, water and soil   

3 



Annual change in forest area, 1990-2000
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Forest-based 
sectors as 
part of the 
Bioeconomy

The EU is one of the few
regions in the world where
forest areas are growing.

The potential biomass production in 
Europe of 1,28 billion m3 biomass is
reduced to 750 million m3 due to
environmental, technical and social
constraints. Þ Less than 60% of the
forestry biomass production potential 
is exploited.
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in Europe. The project assessed ligno-cellulosic biomass availability from forests and 

the forest sector, as well as for the agricultural and waste sector, for the 28 EU Member 

States and nine neighbouring countries (Montenegro, Macedonia (FYROM), Albania, 

Bosnia and Herzegovina, Serbia, Kosovo, Turkey, Moldova and Ukraine) (Dees et al, 2017; 

Panoutsou, 2017). The project estimated biomass availability for the following typologies:

• Technical potential, defined as the absolute maximum amount of ligno-cellulosic bio-

mass potentially available assuming the absolute minimum of technical constraints. 

• Base potential, representing the potential most closely aligned to current guide-

lines of sustainable forest management. This also covers legal restrictions such 

as restrictions from management plans in protected areas, e.g. Natura 2000.

• High potential, which is a potential with less constraints compared to the base poten-

tial, assuming a strong focus on the use of wood for producing energy. It includes 

a strong mechanisation of harvesting across Europe. Biomass harvesting guide-

lines are less restrictive, e.g. stumps are included in this potential for all countries.

The S2Biom project estimated the potential biomass availability from forests in the 37 

countries at 379 million tonnes dry matter per year (or 817 million m3 per year) (includ-

ing bark) for the base potential in 20121. The potential is estimated to stay rather stable 

over the coming decades with only a slight decrease to 370 million tonnes dry matter 

per year overbark by 2030. About 88% of the total biomass potential was in stems, while 

1 All results of the S2Biom project are available from: http://S2Biom.alterra.wur.nl/

Figure 2. Average harvesting intensity (A; %) and harvested timber volumes (B; m3/ha) for the period 
2000–2010. Source: Levers et al, 2014.
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Growing stock and growth 
 
The growing stock (main tree-stem volume only) in forests available for wood supply 
(commercial wood volume) in the EU total volume of fellings was estimated at about 
22 000 million m3 in 2010. The total increment was 700 million m3 and the total volume 
of fellings was 484 million m3.3 This means that, while the EU is using its forests in a 
sustainable manner at least from a wood production point of view, the forests could – 
at least theoretically – be used much more efficiently. 
 
Figure 2.10 Components of annual gross wood increment and drain 

 
Source: State of Europe’s Forests 2011 
 
 
Wood biomass potential 
 
Verkerk et al. have estimated the total biomass supply from the forests in the EU-27 
member countries. According to the estimate the theoretical biomass potential from 
European forests in 2011 was around 1 300 million cubic metres per year, including 
bark. This potential is based on the average volume of wood harvestable over a 50 
year period, taking into account the increment, age structure, stocking level and 
harvesting losses. The total biomass estimate consisted of stem wood, logging 
residues, stumps and other biomass such as wood from pre-commercial thinning. In 
the study several environmental and technical constraints were applied to estimate the 
realistic supply of biomass available for mobilisation.4 
 
The applied environmental and technical constraints were used to estimate the 
amount of biomass unavailable for harvesting. The potential of biomass was reduced 
from forest areas which have e.g. low site productivity, low soil bearing capacity, steep 
slopes and are protected areas. 
 
The realistic biomass (including forest residues) potential from forests estimated was 
625–898 million m3 depending on the rate of wood mobilisation. This realistic potential 
is not equally distributed among the EU-27 Member States. Sweden, Germany, 
                                                      
3 Forestry in the EU and the world – A statistical portrait 2011 edition 
4 Verkerk, H.; Lindner, M.; Anttila, P. and Asikainen A. 2010: The realistic supply of biomass 
from forests. pp. 56-79. in: EUwood – Final report. Hamburg/Germany, June 2010. 160 p. 
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Wood sources and use

Pellets
Recovered 

wood

Pulp 
production 
co-products

Chips, 
particles 
&  wood 
residues

Woody 
biomass 

outside the 
forest

Used
logging
residuesBarkFuelwood 

Industrial 
roundwood 

Components of wood raw material supply

4

Components of wood consumption

Processed wood 
fuels

Heat and energy 
generation

Other material 
use

PanelPulpSawmill

Method and structure of the wood resource balance1.1



Wood resource flow charts/ EU28 (2013)



EU28 Wood Resource Balance of 2013 (in Mt/Solid Wood Equivalent)
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Figure 3.10 International sources of softwood sawnwood imported by the 
EU-27 (2011) 

 
Source: Eurostat, External Trade database, 2012 
 
 
Figure 3.11 International sources of hardwood sawnwood imported by the 

EU-27 (2011) 

 
Source: Eurostat, External Trade database, 2012 
 
 
Countries in North Africa and the Middle East dominate the EU-27 exports of softwood 
sawnwood outside the member countries. Japan has long been a traditional and 
important high-end market for Scandinavian and lately increasingly for central 
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Figure 3.11 International sources of hardwood sawnwood imported by the 

EU-27 (2011) 

 
Source: Eurostat, External Trade database, 2012 
 
 
Countries in North Africa and the Middle East dominate the EU-27 exports of softwood 
sawnwood outside the member countries. Japan has long been a traditional and 
important high-end market for Scandinavian and lately increasingly for central 
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W H AT S C I E N C E  C A N T E L L  U S

3.9.3. New forest-based products

The concept of “new forest products” or “innovative bioproducts” has been increasing-

ly on the policy and industry agenda in the 2000s (Philippidis et al, 2016; Cowie et al, 

2014). There are two reasons for this. Firstly, there is a clear desire by policymakers and 

others to reduce the fossil fuel dependency of the global economy. Secondly, the forest 

industries seek to diversify their businesses, due to stagnant or declining markets for a 

number of traditional products. As there is no established definition for new products, 

it is useful to distinguish the following categories:

1. Old products with newly increasing demand due to changes in the operating en-

vironment. For example, dissolving pulp for the textile industry due to the need 

to find substitutes for cotton, as its production competes for land with food and 

feed production and consumes scarce water resources for irrigation.

2. Old products with incremental improvements, such as lighter weight or lower 

production costs. For example, paper and packaging coatings and fillers based 

on nanocellulose.

3. Novel products or products with radical improvements. For example, the use of 

nanoscale organic matter in electronics.

In the future, the relative importance of new products can be expected to grow further. 

It is conceivable that, beyond 2030, there will be a large number of product categories, 

none of which dominates the sector to the extent that paper and wood products did in 

the past century, particularly in terms of value (see Figure 16). However, currently it 

seems that there will be only a few individual product groups whose annual produc-

tion volume in the EU will exceed one million metric tons or a million cubic meters per 

year by 2030, such as biofuels, dissolving pulp (for textiles, etc.), and engineered wood 

Figure 15. Consumption per capita of forest-based products and GDP growth in Europe (excluding Russia) 
(Data: FAOSTAT, World Bank).
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Traditional European forest sector is moving to 
innovative bioeconomy 



Investments in research, 
innovation and skills

The Bioeconomy Strategy and Action Plan

Stakeholders

EU Institutions

International 
Organisations

Member States

Reinforced policy interaction 
and stakeholder engagement

Enhancement of markets and competitiveness
in bioeconomy sectors



Ø Bioeconomy Website
http://ec.europa.eu/research/bioeconomy/index_en.htm

Information on the Bioeconomy





Gaps in existing bioeconomy strategies

1. Take sustainability as given (biodiversity, social 
sustainability, etc.)

2. Lack of connection to climate and environmental policies

3. Do not link the bioeconomy to the circular economy

4. Agricultural and food sector dominates, at the cost of failing 
to acknowledge the potential of the forest-based sector

5. Many of the ecosystem services forgotten 

6. Policies to maximize synergies and minimize trade-offs

7. New global agreements



WHAT IS FOREST GROWN FOR?

Carbon sink

Maximising roundwood production 

Maximising energy production

To maintain biodiversity

To prevent erosion, floods, desertification

As investments
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Key messages 

t�The European Mediterranean region is fac-
ing major challenges related to the scarcity 
and fragility of natural resources, notably wa-
ter, exacerbated by climate change but also 
by structurally high unemployment rates in 
a context of diverging demographic trends 
(e.g. rapid growth in southern countries, rap-
id aging in northern countries. The circular 
bioeconomy, as a new economic paradigm 
must help address those challenges, placing 
renewable natural capital at the core of eco-
nomic activities and finding new sources for 
prosperity and wellbeing. 

Fig. 9. Composition of the total economic value of Mediterranean forests
NWFP: non-wood forest products
WFP: wood forest products;
Non-use: bequest and existence value

Source: Merlo and Croitoru (2005)

t�Contrary to popular belief, forests in south-
ern Europe have been rapidly expanding in 
the last century and are still expanding today, 
even if at a slower rate. Forests are also gain-
ing biomass, as management intensities are 
generally very low. Except for some Atlantic 
areas, wood extraction is typically below 50 % 
the biological growth. This has many positive 
consequences such as increased carbon se-
questration, soil restoration and habitat that is 
available for forest specialists. However, high 
biomass and forest continuity leads to more 
megafires. It can also reduce the availability of 
open habitats and reduce water yields because 
of increased evapotranspiration. A dynamic 
conservation approach is urgently required. It 
should be based on combining management 
intensities at the landscape level. The bioec-
onomy can provide the required economic 
engine. 

WFP 
35%

NWFP 
9%

Recreation
16%

Watershed
11%

Non-use
13%Carbon sequ.

5%

Hunting
1%

Grazing 
10%
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and society in a continually changing but re-
silient balance. If wisely developed, the circu-
lar bioeconomy can help reconcile economic 
development with environmental protection. 

In a narrow sense, the circular bioeconomy 
can be seen as an emerging sector. It is the sum 
of all activities that transform biomass into 
different product streams, including materi-
als, chemicals, biofuels and food and animal 
feed. It includes processes and products of 
the traditional industries in the forest sector 
(pulp and paper, timber, cork, etc.), the agri-
food sector along with new biorefineries1 that 
are producing a new range of products from 

1 According to the International Energy Agency, a biorefinery 
is a facility that combines biomass transformation processes to 
produce a spectrum of bio-based products (food, feed, chemicals, 
materials) and bioenergy (biofuels, power and/or heat). See: http://
www.ieabioenergy.com/

bioeconomy, as frequently defined (e.g. as de-
fined in the European Bioeconomy Strategy), 
does not embrace new patterns of consump-
tion and the reduction of raw material needs. 

The circular bioeconomy is a new economic 
paradigm that increases reliance on renewable, 
biological resources with increased resource 
efficiency and circular material loops. It has 
the potential to substitute fossil-based, non-
renewable and non-biodegradable materi-
als with renewable, re-usable, recyclable and 
biodegradable products. It must be seen as 
a whole (Figure 2): on the one hand natural 
resources such as carbon, water, solar energy 
and soils provide the needed background for 
biodiversity and ecosystem functioning, which 
in turns provides goods and services for nature 

Figure 1. Illustration of circular bioeconomy flows, based on Hetemaki et al. 2017
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Example: forest bioenergy 

¾ Bioenergy largest renewable energy 
source in EU: 44% of renewable energy 
production in 2014  

¾ Forest bioenergy integral part of forest 
management, forestry, forest-based 
products & energy-industry system > not 
helpful to look at it as a separate entity 

¾ Bioenergy contributes significantly to 
energy supply in most scenarios that meet 
ambitious climate targets* 

*Berndes et al. 2016. Forest biomass, carbon neutrality and climate change 
mitigation. From Science to Policy 3, European Forest Institute, 2016 
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Figure 1-6: Development of material and energy uses of wood (A1) 

Source: EUwood 2010 

As already explained, the forest biomass potential remains in principle stable over the 
period considered. Major changes are dependent on which mobilisation scenario is 
being used. Presuming the medium mobilisation scenario, it is likely that the 
percentage of biomass not arising in the forest increases over time. Generally 
speaking, this tendency is expected. In scenario A1 the percentage of non-forest 
biomass goes up from 31% to 41%. If greater efforts are undertaken to lift forest 
management systems to a higher mobilisation scenario, however, the percentage of 
non-forest biomass will increase less or even decline.  

31.0
%

69.0 
%

forest woody biomass

other woody biomass

40.8
%59.2

%

37.6 
%62.4

%

2010

2020

2030

Figure 1-7: Share of forest and other woody biomass in potential supply (medium 
mobilisation, A1) 

Source: EUwood 2010 

1.5 Development by region 
This section presents an overview of the trends by region, highlighting the main 
differences between regions. The four regions are shown in Figure 1-8 and detailed 
data are in the annex tables. 
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European energy wood production again increasing 

Wood fuels is the concept used by FAO and is basically energy wood. It is defined as all types of biofuels 
originating from woody biomass, e.g., firewood, log wood, wood chips, wood pellets, wood briquettes (FAO def.). 
These come from forests, plantations (coppice), urban forests, by-products (chips, bark, etc.), post-consumer wood. 
 
 

Growing wood 
residues 
consumption 
implies increasing 
resource-
efficiency and 
cascading use 

European Wood Fuel Production 1961-2015 
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50% of wood fuel 
comes from wood 
residues, and most 
of the rest form 
logging residues, 
thinnings and 
coppice 



Different Sources and Forms of Solid Biofuels

Traditional                       In Future?

Wood-pellets

Wood-chips

Split logs (fire wood)

Straw Grains

Miscanthus

Wood-Plantation

Sources of biomass products



Energy crops, 
slurry organic    

waste

rape, sunflower
wood, forest 

residues, wood 
pellets

gaseousflüssigSolid Biomass

Mobility

Heat and electricity

liquid

Physical States of Biomass products

Electricity and heat



Example:  
second generation forest-based diesel 

� UPM ’s biorefinery: 100,000 tonnes of 2nd 
generation biodiesel for transport from tall 
oil (sidestream of pulping)  

 
� Decreasing transport emissions up to 80% 

compare to fossil fuels 
 
� Finland’s new biofuel target: 30% biofuels 

by 2030 of  
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UPM Biofuels 



Importance of Renewable Energy Sources – FRG in 2010 

Source: Federal M inistry for the 

Environm ent, Nature Conservation 

and Nuclear Safety



Development of Biomass – Electricity Generation



Development of Biomass – Electricity Generation



Importance of Renewable Energy Sources – Heat Supply

Source: Federal M inistry for the Environm ent, 
Nature Conservation and Nuclear Safety

58 bn. kW h from  
split logs (fire w ood) 
in  private 
households (=  2/3 of 
so lid  b iom ass)
= 20 Mio. tons/a !

Source: HDG Bavaria



Development of Biomass – Heat Supply



C.A.R.M.E.N. e.V.

Sponsored BioEnergy-Projects
� Approx. 350 heat plants

500 kWth. to 13 MWth. 

� 13 wood-Combined Heat and 
Power Plants
40 kWel. to 10 MWel.

� 6 vegetable oil - CHPs
5 kWel. to  200 kWel.

� 6 Biogas - CHPs
15 kWel. to 250 kWel.

� 3 drying plants for animal 
food

� Heat Plants
� CHP
� Drying Plants
� Veg. Oil CHP
X Biogas Plant



Use of Solid Biomass – Wood Pellets

Source: www.enendlich- viel-
energie.de

Fully automatic central heating 
system with wood pellets



Wood Pellets; Number of installed Pellet Boilers < 100kW

Wood Pellets

► Characteristics :

Diameter :  6 or 8 mm
Length : 10 to 40 mm
Cal. value : 5 kWh / kg

Density : 650 kg/m3

Ash content :< 0,5 %



Biomass Heat Plant

heat 
exchanger

Biomass- Boiler
Waste gas-
preperation

Pump

Heating plant 

Heating

W ater-
bo ile r

Accepter

supp ly
netw ork Prim ary Secundary



Biomass Heat Plant

Biomass plant with 
wood chip bunker

Different heat sinks 
with different annual 
curve and peak load



Biogas Plant

Source: Biogas - an 

Introduction; FNR



Production Of Wood Chips

Source: IPF, Univ. of Karlsruhe THSource: www.haeckselzug.de

► From forestry residues in the Forest
� Smaller entire trees or 
� Smaller parts (treetops) of larger trees



7 October, 2007 Wood resources availability and demands 7

 

1.1 Multiple use of wood fibers
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EUwood calculated that 43 million m³ of the pellets consumption in 2020 might be 
produced from domestic sources whereas 22 million m³ might come from imports. In 
2030 54 million m³ of the total consumption might be produced within the EU 27. 
Thus, the EU 27 will be an important net importer of wood based pellets and 
briquettes. 

0
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2010 2015 2020 2025 2030

in M m³ - comparing plot

producer of solid wood fuels households (pellets) (DEM)

Figure 3-9: Wood based pellets production and consumption (EU 27) 

Source: EUwood 

3.5.3 Forest based industry internal energy use - liquid 

The pulp industries, notably those applying the chemical pulping process, are often 
the biggest electricity producer from biomass in their countries. Chapter 5.5.4 
(chapter 5.4.4 Methodology report) describes how black liquor arises as a co-product 
from the chemical pulping process. Its volumes are directly linked to the future 
development of chemical pulp production. The future development of the forest 
based sector is calculated to be much below the anticipated future development of 
the energy sector, the development of energy from black liquor is quite minor. Energy 
generation from black liquor is expected in scenario A1 to increase from 60 million m³ 
solid wood equivalents in 2010 to 66 million m³ in 2020 and 85 million m³ in 2030 (67 
and 72 million m³ in scenario B2). The share of forest based industry internal liquid 
by-products in the total energy from woody biomass will decrease from 19% in 2010 
to 14 % in 2020 and 12 % in 2030 (compare Figure 3-4). 

3.5.4 Forest based industry internal energy use – solid 

Compared to energy generation in the chemical pulping process, wood energy from 
processing residues plays a much lower role in other wood processing industries. 
Sawmills, wood based panel and veneer producer use wood internally for energy 
generation, notably for drying of their (semi-)finished products. The wood 
assortments used are to a big extent bark (notable sawmills) or low quality fibres that 
cannot be used in any downstream processes, such as dust, shavings, etc. 
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EUwood calculated that 43 million m³ of the pellets consumption in 2020 might be 
produced from domestic sources whereas 22 million m³ might come from imports. In 
2030 54 million m³ of the total consumption might be produced within the EU 27. 
Thus, the EU 27 will be an important net importer of wood based pellets and 
briquettes. 
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Figure 3-9: Wood based pellets production and consumption (EU 27) 

Source: EUwood 

3.5.3 Forest based industry internal energy use - liquid 

The pulp industries, notably those applying the chemical pulping process, are often 
the biggest electricity producer from biomass in their countries. Chapter 5.5.4 
(chapter 5.4.4 Methodology report) describes how black liquor arises as a co-product 
from the chemical pulping process. Its volumes are directly linked to the future 
development of chemical pulp production. The future development of the forest 
based sector is calculated to be much below the anticipated future development of 
the energy sector, the development of energy from black liquor is quite minor. Energy 
generation from black liquor is expected in scenario A1 to increase from 60 million m³ 
solid wood equivalents in 2010 to 66 million m³ in 2020 and 85 million m³ in 2030 (67 
and 72 million m³ in scenario B2). The share of forest based industry internal liquid 
by-products in the total energy from woody biomass will decrease from 19% in 2010 
to 14 % in 2020 and 12 % in 2030 (compare Figure 3-4). 

3.5.4 Forest based industry internal energy use – solid 

Compared to energy generation in the chemical pulping process, wood energy from 
processing residues plays a much lower role in other wood processing industries. 
Sawmills, wood based panel and veneer producer use wood internally for energy 
generation, notably for drying of their (semi-)finished products. The wood 
assortments used are to a big extent bark (notable sawmills) or low quality fibres that 
cannot be used in any downstream processes, such as dust, shavings, etc. 
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Figure 2.32 EU-27 imports of wood chips (2000-2011) 

Source: Eurostat, External Trade database, 2012 
 
 
Figure 2.33 EU-27 exports of wood chips (2000-2011) 

Source: Eurostat, External Trade database, 2012 
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Figure 3.49 Wood pellet exports to the EU-27 from outside EU (2011) 

 
Source: AEBIOM 2012 
 
 
Figure 3.50 Pellets export from outside EU to EU-27 (2009-2011) 

 
Source: AEBIOM 2011, 2012 
 
 



The current EU Policy for bioenergy

u Fuel Quality Directive (FQD)

u 6% greenhouse gas reduction target in carbon intensity of road 
transport fuels in 2020

u Renewable Energy Directive (RED)

u 20% share of renewable energy by 2020 (32% by 2030)

u 10% renewable energy in transport by 2020 

Significant contribution to both targets expected to come from 
biofuels (mainly 1G, food and feed crop-based)







Sustainable Bioenergy

Source: IEA (2007), and Best et al. (2008)
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and thus not directly comparable; they
also differ in terms of the range of
feedstocks included. Nevertheless, on a
more qualitative basis, it is interesting to
note that more than half of the predicted
values for 2050 fall between 50 and 300
EJ. 

The relative contribution to biomass
potentials from the different categories of
biomass is described in Figure 4.2. This
figure requires cautious interpretation
because land use categories are not
consistently defined across studies and
cannot be considered mutually exclusive.
Estimates (and totals) for energy crops,
wastes & residues, and forestry also
include unconstrained values.
Nevertheless, it can be seen that the
greatest potential contribution comes from
energy crops, grown on a variety of land
types, the most important (and
controversial) of which being agricultural

land. While it is evident that the potential
contribution from wastes, residues and
forestry are far less than many estimates
for energy crops, these potentials also
appear significant compared to total global
energy consumption. 

Land use categories are not consistently
defined or mutually exclusive. Estimates
(and totals) include unconstrained values.
Surplus agricultural land includes good
quality land released from food production
because yield growth exceeds demand
(also called abandoned land in some
studies). Rest land includes: savannah,
extensive grassland, and shrubland.
Degraded land is also defined as low
productivity or marginal land in some
studies. Waste includes dung, municipal
solid waste and industrial waste. Forestry
describes harvest of a fraction of the
annual growth increment.
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Figure 4.2: Indicative contributions to global biomass potential estimates from different
biomass sources and land classes
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(restaurants, tourism, etc.). Even so, marine 
bioeconomy opportunities go beyond bio-
mass. The coastline, the landscape, the rich 
cultural heritage and the climate are impor-
tant factors explaining why southern Europe 
are the destination for 30 % of the world’s tour-
ism. The Mediterranean, however, is one of 
the most polluted seas on Earth, with sur-
face plastic concentration as high as the bet-
ter known Pacific gyres (Cózar et al. 2015). 
The potential economic and social impact has 
not received enough attention. Reducing ma-
rine litter and marine pollution must be a key 
policy, economic and societal driver of the 
bioeconomy, and it must be at the centre of 
relevant regional initiatives. The opportuni-
ties of the marine bioeconomy are not further 
discussed in this report. 

The marine environment also offers great po-
tential for the bioeconomy. Southern Europe 
has the longest coastlines of all Europe. This 
creates opportunities for aquatic activities, in-
cluding fisheries aquaculture and offsite bio-
mass production. Five of the top seven fishing 
fleets of the EU are from southern countries 
(Spain, France, Italy, Portugal, Greece)4. In 
spite of this, marine biomass represents a low 
share of the total biomass (25kg per capita per 
year in Spain, the country with the biggest 
fishing fleet in the EU). As traditional fisher-
ies decay, aquaculture and offshore biomass 
cultivation and transformation (micro-algae) 
appear as to be a promising opportunity. 

Although small in volume, fish biomass sus-
tains very relevant food and tertiary sectors 

4 http://ec.europa.eu/eurostat/statistics-explained/index.
php/Fishery_statistics

Figure 6. Relative availability of biomass types. Source: S2Biom project4

ForestProduction
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Consider all Bioenergy Flows



Global Biomass Potential

Source: IIASA, Kraxner 2007, Rokiyanskiy et al. 2006



Global Biodiversity

Source: UNEP IMAPS



Biodiversity is the basis for the goods and services that
forests may provide. Thus the choice is not between
biodiversity and bioeconomy, but rather on developing
principles of a bioeconomy that also maintain
biodiversity. 

More intensive biomass harvesting should be 
applied where it benefits biodiversity, for example
through maintenance of traditionally open forests
or open landscapes, e.g. intensive management of 
successional forests on former agricultural land. 







Land Use and Biodiversity

Areas of high natural conservation value (HNV)

Degraded land 
and “idle” land

Used landUnused land

Protected area

Potential for biomass: no competition with food, no displacement, 
increase organic C in soils, but: risk for biodiversity if not properly mapped



Biomass extraction for energy purposes has the potential to induce changes in fire
regimes and can be considered a cost-effective landscape-level fuel-reduction treatment.

However, the leverage (area suppressed in relation to managed area) was higher when the 
treatments were based on the fire-prevention strategy and focused on high-fire-risk
areas (up to 0.45) than with treatment designed for energy reasons (lower than 0.15). 

https://link.springer.com/article/10.1007%2Fs10021-016-9968-z



Water and Soil

• Water Use of (Bioenergy) Farming Systems

– Model and data research ongoing

– Spatial data are key, but (yet) unclear

• Soil Impacts

– Mapping of biophysical soil properties

– Qualitative Impact Definition (for farming systems/AEZ)

– Quantification?

u à More from FAO BIAS Project







Which Standards?



Standards: EU 
RES Directive establish mandatory sustainability requirements for 
production of biofuels

• Minimum GHG reduction, incl. CO2 from direct land-use change. 
Biofuels need to save at least 35% compared to fossil fuels, 
increasing to 50% in 2017

• No “relevant” reduction of biological/ecosystem diversity

Biofuels cannot come from land:
With high carbon stock
High biodiversity (primary forest etc.)



Indirect LUC

Source: based on Girard (GEF-STAP Biofuels Workshop, New Delhi 2005)

Food & 
feed crops 

Protected
& other
high-nature 
value areas

Energy crops/ 
plantations

Loss of 

biodiversity

Forests, wetlands

Deforestation,
carbon release

„unused“ land
(marginal, degraded)

?



GHG from indirect LUC

• Displacement = generic problem of restricted
system boundaries

– Accounting problem of partial analysis („just“ biofuels, 
no explicite modelling of agro + forestry sectors) 

– All incremental land-uses imply indirect effects

• Analytical and political implications

– Analysis: which displacement when & where?

– Policy: which instruments? Partial certification schemes
do not help, but have „spill-over“ effects



Sustainable Biomass

Good practice: Agroforestry in Southern Ruanda – food, fiber 
and fuel from integrated systems
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EU greenhouse gas emissions

Source: EEA – Trends and projections in Europe 2016
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Three pillars of EU 2030 climate policy

Emissions trading
-43 %

Including: Power/Energy 
Sector and Industry, Aviation

Non-emissions trading
-30 %

Max 280 
MtCO2eq

Land use, land 
use change, 

forestry
"No-Debit"

Effort 
sharing

-30 %
Including: road 

transport, 
buildings, waste, 
agriculture non 

CO2

Full 
flexibility

Max 100 
MtCO2eq

Commission proposal (July 2016) brings LULUCF in the climate framework for the first 
time, as a stand-alone policy pillar, with flexibility toward ESR
No debit rule: LULUCF accounted emissions to be entirely compensated by removals



Option current offset of total 
EU emissions (%)

Increase in 
C stock 

in existing forests
(CO2 sink or 
“removal”)

≈ 10%
(only 1% “accounted” 

under KP in 2008-2012)

in wood 
products ≈ 1%

Substitution 
effects by 

wood
(approximate 

figures)

Material ≈ 1-2%

Fossil-fuel
energy ≈ 4-5% 

Options for mitigating climate change through forest management

LULUCF

Other GHG 
sectors

Reported/accou
nted in:

Trade-offs exist between options, each with its temporal dynamics of emissions. E.g. 
more harvest may mean less forest sink in the short term but more substitution effects.

Æ

Æ

The most effective forest mitigation strategy is the one that optimizes the sum of 
the above options in a given time frame.

Short-term 
relative impact 
of > harvest

<< 

>

>

*

* While the emission saving by material substitution are immediate, when wood replaces fossil fuels the  
emissions saving highly depends on the context, assumptions and time frame.





9191

there is an ecosystem of Metsä Fibre and a number 
of other companies. In addition to pulp, the industry 
park also produces, for example, electricity, heat, 
steam, biogas for transportation, plywood for wood 
construction and for the transport industry, wood 
composite pro ducts and agri- and forest fertilisers. 
Moreover, the organic by-pro ducts, such as resulting 
from debarking of wood, will be used in gardening, 
for example. The other companies are using the side 

streams from the Metsä Fibre wood processing and 
pulping as raw materials for all these pro ducts. The 
mill processes are entirely based on renewables, and 
it is a net energy generator.29

Such an ecosystem of companies, using the regional 
biomass and know-how strengths, will increasingly 
be the trend towards which the forest bio eco no my in 
the EU is likely to move.

29 Source: Nabuurs, G.-J., Delacote, P., Ellison, D., Hanewinkel, M., Lindner,  
M., Nesbit, M., Ollikainen, M. and Savaresi, A. 2015. A new role for forests 
and the forest sector in the EU post-2020 climate targets, From Science 
to Policy 2, European Forest Institute.

Simplified diagram of 
carbon stocks in reservoirs 
and flows between the 
atmosphere, biosphere  
and fossil reservoir.  
The two mi ti ga tion levers 
are depicted here (30)

© European Forest 
Institute, 2015

Äänekoski bioproduct  
mill concept
 
© Metsä Fibre Oy, 2016
For reproduction or use  
of this material, permission 
must be sought directly 
from the copyright holder.

5 .  B I O E C O N O M Y  I N  S E C T O R S



What science says on the best forest mitigation strategy?

short answer is:

IT DEPENDS

The optimal mix of mitigation options is very much country-specific (e.g. forest and 
market characteristics, etc.…)

Forest management policies are responsibility of MS 

The EU LULUCF legislation does not identify the best mitigation strategy (e.g. 
harvesting more or less), but promotes an accounting which is accurate, including 

that bioenergy is properly accounted for, and comparable to other GHG sectors



Conclusions

• GHG emissions become key issue in biofuels trade

• GHG must include (real) direct land-use changes, and
GHG from indirect LUC need „risk hedging“

• Methods for verification of GHG from direct LUC need
elaboration and harmonization

• GHG limits for biofuels also reduce (but not avoid) risk
of negative biodiversity impacts; mapping of HNV 
areas (also in degraded lands) needed

• Soil/water restrictions need more attention, but 
bioenergy also opportunity



•Forest mitigation strategies differ strongly in their temporal
effects. The strategies with largest short-term benefits are 
often less efficient in the long term. 

•There is a potential trade-off between forest protection and 
bioeconomy developments. Whereas protection contributes
to short-term climate change mitigation, it constrains the 
biomass resource basis for the bioeconomy, reduces the 
possibility for mitigation in a broader system perspective, 
taking harvested wood products and substitution into account, 
and limits mid- to long-term mitigation potentials. 

•Careful spatial planning can minimise conflicts. Forest
carbon sinks could be maximised in habitats of lower value for 
the bioeconomy and on sites with low disturbance risk and 
long-term mitigation potential. 



•The mitigation potential of bioenergy is generally less efficient than
expanded material use of biomass, but decision-making needs to 
consider local circumstances. 

Forest biomass is heavily used to achieve renewable energy targets. 
To fulfil the Paris agreement, bioenergy is needed alongside solar and 
wind and plays a key role in integrating the latter renewable energy
sources in a stable and reliable renewable energy supply

It is recommended that bioenergy is produced as a side product in 
combined material and energy use value chains. Direct use of biomass
for energy should not limit material use as this creates longer-term
carbon sequestration and larger substitution benefits. 
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primary residues represented 12%. The regional availability of biomass varies wide-

ly across Europe. The forest biomass potential per unit of land is generally highest in 

Central and Northern Europe, due to higher forest productivity (mainly Central Europe, 

southwest France and Portugal) and a higher forest cover ratio (mainly Northern Europe) 

(Fig 3). Comparing Figures 2 and 3 suggest that regions with high potential availability 

already have higher levels of wood production and tend to have more limited potential 

to increase wood production beyond current wood production levels.

Future forest biomass availability is likely to be affected by climate change. A review 

of climate change impacts on productivity suggests that productivity may increase in the 

northern part of Europe and that there are mixed projections for other parts of Europe 

(Reyer, 2015). According to Shvidenko et al (2017), countries of the mid-latitude ecotone and 

the xeric belt (Moonil et al., 2017) – which includes southern and south-eastern European 

countries such as the Ukraine – will be particularly vulnerable, with water stress becom-

ing the major limitation factor. While changes in productivity have been considered with-

in the S2Biom project, natural disturbances (e.g. storm, wildfire, bark beetle outbreaks) 

have not been taken into account. Such disturbances are estimated to increase in the com-

ing decades (Seidl et al, 2014) and may even cancel out climate change-induced produc-

tivity gains (Reyer et al, 2017). Furthermore, natural disturbances may lead to strong dis-

ruptions of timber markets and may affect biomass availability in the long term through 

its impacts on forest (age) structure (Gardiner et al, 2010). Climate change caused for-

est threats require urgent counteractions through a broad portfolio of managerial, silvi-

cultural and technical measures to increase forest landscape resilience (see section 3.3).

Figure 3. Distribution of potential forest biomass availability (biomass production and primary residues 
from forests) per ha of land for the base potential in 2012. No data are available for regions marked yellow. 
Source: Dees et al, 2017 and Panoutsou, 2017. 



Forest biomass

Wait…
What do you mean for ‘Biomass’….?



1. Destructive 
measurements

u Cut 

u Dry

u Weigh

Quantify biomass



2. In-situ estimation

u Allometric equations based on tree parameters

u Biomass = f (Diameter, wood density, height)

Quantify biomass



a) Field Plots only  

-> Statistics (non-spatial)

b) Field Plots + Forest map

-> Spatial (Mean values)

c) Field plots + Satellite images

-> Spatial (continuous)

3. Large-area estimation

Remote sensing approach

Forest map approach

80 T/ha

200 T/ha

40 T/ha

Fully exploit the spectral information

Quantify biomass



u A multispectral image is composed of 'n' rows and 'n' columns of 
pixels in each of two or more spectral bands. There are in reality 
more than one "data set" which makes up one image.

u These different data sets are referred to as spectral bands, 
channels, or layers. 

IMAGERY with multiple spectral 
bands



Summary Sensor Resolution

30m
Spectral: 
(7 broadband, VIS/NIR/SWIR/TIR)

Spatial (30/120 m, 380x380 km)

Radiometric (8 bit, 256 levels)

Temporal (16 day, if cloud free)

Landsat Thematic Mapper
30m

Radiometric
Resolution: 
8 bit (0 – 255)

Day 1

Day 17

Day 31
Spectral 
Resolution
7 band (broadband)

Scene extent 180 x 180 km



Remote sensing of 
biomass

u Remote sensing sensors do not measure biomass

u Biomass is estimated from RS signal using empirical models 

calibrated with ground data

u Sensors:

u Optical (canopy properties)

u Lidar (vertical structure)

u Radar (canopy and structure)





Plots

Spatial mismatch
• NFI plot area: < 1 ha
• NFI released: 1 Km
• Biomass maps: 1 Km

Remove non-representative plots:
• Using tree cover density (%)

Differences between plots and pixels

Temporal mismatch
• NFI plots cycle: 2001 - 2013
• Biomass maps: 2000 or 2010

Synchronize plots and maps:
• Using growth rates (Mg/ha/yr)

Maps vs. Plots



Tropical map + Boreal map (1 Km)

99

Global map

Avitabile et al., 2016



National maps

• Nationally-calibrated maps @100m

• Optical/radar + Airborne Lidar + ground data



National maps

Asner et al., 2013 (PNAS)
Xu et al., 2017 (Nature SR)



Map of Biomass growth and loss (500 m)

Time-series of Optical data: 2003 - 2014

Biomass change

Baccini et al., 
2017 (Science)



Types of change to observe:

u short term change (synoptic weather 
events)

u cyclic change (seasonal phenology)

u directional change (urban development)

u multidirectional change (deforestation & 
regeneration)

u event change (catastrophic fires)





https://www.youtube.com/watch?v=s4HhoSbOgUc

https://www.youtube.com/watch?v=s4HhoSbOgUc












● Government of Kenya - Aim: estimation of GHG emissions from all land uses

● Assessment Area: Entire Country, 582,650 sq km

● 30k+ unique attribute data layers

● ~800 million locations (~25 meter pixels) analyzed 

● Daily data sets for prior 24 years

● Delivered temporal trends and spatial patterns of emissions for each pixel and aggregate reporting of national and 

regional areas

Case Study  - Kenya



And…. 
What about Europe?



Map Thurner Barredo Gallaun Kindermann
Year 2010 2010 2000 2010

Resolution 0.01° 1 km 500 m 0.083°
Reference data NFI Stats IPCC Tier 1 NFI ground data FRA 2005 

Spatial data Satellite (ASAR) Land Cover (CORINE) Satellite (MODIS) Satellite (MODIS NPP)
Forest mask GLC2000 (>50%) CORINE CORINE, FRA GLC2000 (>20%)

Biomass maps for Europe:

• Thurner et al. 2014

• Barredo et al. 2012

• Gallaun et al. 2010

• Kindermann et al. 2008

Maps for Europe



Biomass in Europe

Reference data: 

• National Forest Inventory (NFI) -> country-specific!

The harmonized forest biomass dataset:

• JRC: collaboration with 26 European NFIs to harmonize biomass, using:
• Harmonized definition

• Common estimator

26 countries with harmonized 
data

Harmonized Biomass 
definition



Total biomass stock (Tg)

National definition Harmonized definition Difference definition (%)

National estimator 16,234 16,907 4.1%

Common estimator 16,213 16,846 3.9%

Difference estimator (%) -0.13% -0.36% 3.8%

Harmonized Statistics:
• Based on ~500,000 plots

• Biomass (±SE) at sub-national level

National vs. Harmonized stats: 

• Significant differences for 14 countries

Plots: 
• Subset of 22,166 plots

• Geolocation @ 1km

Harmonized plots

Biomass in Europe



GlobBiomass Project (2015 – 2017)

u Global map for 2010 (100 m)
u Combination of Radar, LiDAR and Optical data
u DUE: Data User Element

u JRC: User
u Assessment of Volume and Biomass map for Europe

GlobBiomass 2: in preparation

116

ESA GlobBiomass



Copernicus 
Programme



u GEDI (NASA) - 2019

u Lidar, 25m - Biomass (>20 t/ha) - Below 50�N 

u NISAR (NASA) - 2020

u Radar (L), 25m - Biomass (<100 t/ha) & changes - Global

u BIOMASS (ESA) - 2021

u Radar (P), 200m - Biomass (>50 t/ha) - Tropics

118

Upcoming satellites

AGB
(50% area) 

> 100 Mg/ha

< 100 Mg/ha

< 20 Mg/ha

No Woody Biomass 

GEDI Coverage

BIOMASS Coverage



Integrated Modelling Framework EU



Voluntary carbon credits 
by forest management  

in the Italian Alps 
Giorgio Vacchiano, R Berretti, F Piccobotta,

M Allocco, A Dotta, F Petrella, PG Terzuolo, R Motta













guidelines e requisiti

biomass

credit  
generation

            

time

no credit 

legal  
baseline

technical  
baseline

avoided  
harvest



3 Towns Alta Val Tanaro (CN) 
11.535 ha forested (65%) 

56% coppice beech, chestnut 
43% public



Standing volume
inventory 2000 +  
increment INFC 

(163 plots)

Exclusions
- wildfires 2000-2015 
- harvest 2000-2015 
- private land 
- unmanaged forests 
- low fertility sites 
- protected areas

240 m3 ha-1



Technical baseline
Harvest rates 

180 authorizations

river
forest road

harvestable

Harvestable area
winch / cable

Legal baseline
Forest  

Management Act 1550 ha
Management class Legal baseline

[volume 
Technical baseline
[volume removed]Coppice, age < 40 years 84% in beech

90% in other
83% in beech
90% in otherCoppice, age < 40 years,

conversion to mixed coppice and high forest
84% in beech
90% in other

80% in beech
90% in otherCoppice, age < 40 years,

conversion to high forest
55% 50%

Coppice, age > 40 years,
conversion to high forest

60% 50%
Mixed coppice and high forest 60% 50%
Mixed coppice and high forest, conversion to high forest 55% 50%
High forest, even-aged, shelterwood a  a

High forest, gap cut 40% 40%
High forest, even-aged, thinning 66% 35% from above

20% from belowbHigh forest, uneven-aged,
single tree selection

70% 35% in conifers
40% in broadleavesBlack locust, regeneration cut (except conversion of coppice to high forest) 90% 87% if monospecific

55% if mixedChestnut, regeneration cut (except conversion of coppice to high forest) 90% 90% if monospecific
65% if mixed

115 m3 ha-1



forest type % timber % chips % other
Silver fir 16 84 0
Larch 16 84 0
Scots pine 30 70 0
Afforestation 11 89 0
Chestnut 15 85 0
Hornbeam 0 25 75
Oaks 10 25 65
Beech 13 25 62

Assortments 
118 plots



Managing for carbon

o

cedui
CA((castagno)
OS((orno4ostrieti)
QU((querceti)

AB((abetine)
PS((pino(silvestre)
LC((lariceti)
RI((rimboschimenti)

fustaie
taglio(a(buche
(30%(della(provvigione)

esbosco(con(teleferica

ceduazione
(65475%(della(provvigione)

esbosco(con(teleferica

FA((faggete) fustaie Diradamenti
(30%(della(provvigione)

esbosco(con(verricello

FA((faggete) cedui Taglio(di(avviamento(
(40%(della(provvigione)

Ripresa(>(100(
m3/ha

Ripresa(<(100(
m3/ha

teleferica

verricell
o

89 m3 ha-1

Silver fir
Scots pine
Larch

Chestnut
Oaks
Hornbeam

Beech

Beech high  
forest

coppice

coppice

high  
forest

gaps  
(30% volume)

coppicing  
(70% volume)

conversion  
(40% volume)

thinning  
(30% volume)

cable

cable

cable
winch

winch

>100 m3 ha-1 

<100 m3 ha-1 



Credito(di(carbonio(totale(per(particella((i)(ossia(il(sequestro(realizzato

Ctco2e( =([(19di)(x((Rp(i – Rr(i)(x(BCEF(i](x(Sb(x(0.5(x(44/12

d,i :((coeff.(di(riduzione(che(tiene(conto(del(possibile(verificarsi(di(disturbi((incendi,(attacchi(parassitari(
etc.).(Da(valutare(su(scala(locale(o(regionale(e(da(confrontare(con(il(dato(medio(nazionale(pari(a(0.12.
9>(se(stima(locale(<(0.12(allora(si(adotta(il(coeff.(nazionale
9>(se(stima(locale(>(0.12(allora(si(applica(il(coeff.(locale

Rp,i :(ripresa(potenziale(di(biomassa(arborea(epigea((m3 ha91anno91).(Questo(dato(rappresenta(la(
“baseline”.(

Rr,i :(ripresa(annua(massima(in(biomassa(della(particella(che(il(proprietario(si(impegna((m3 ha91 anno91)(
a(non(superare

BCEF(:(fattore(di(conversione(ed(espansione(della(biomassa(per(convertireil(volume(cormometrico(in(
biomassa(secca(totale((Mg(m93)

0.5(x(44/12(:(coeff.(di(conversione(per(calcolare(la(quantità(di(carbonio(nella(biomassa(secca((0.5)(e(
per(convertire(questo(in(CO2 (44/12)

Sb(:(sup.(boscata(della(particella((ha)

disturbances  
(12%)

avoided 
harvest

biomass 
expansion 

factors

area

Emission Ratio Quality (kgCO2 m-3)
10 experimental harvest areas 
Coppice: 21 kgCO2 m-3 

Conversion: 16 kgCO2 m-3



Forest type Area Avoided 
harvest CO2 € € per ha

Silver fir 39 1080 1145 11449 291

Larch 313 887 0 0 0

Scots pine 27 737 959 9591 358

Afforestation 206 5641 5755 57550 279

Chestnut 95 2269 2958 29575 310

Hornbeam 105 2499 4054 40535 388

Oaks 3 68 123 1229 432

Beech 765 28680 47599 475990 622

total 1 552 ha 41 861 m3 62 592 t 625 919 € 403 € ha-1

Permanence: 20 years



For further information:
G Vacchiano, Università di Torino: giorgio.vacchiano@unito.it 
M Allocco, SeaCoop: info@seacoop.com
A Dotta, Consorzio Forestale Alta V. Susa: cf.avs@tin.it 
PG Terzuolo, IPLA SpA: terzuolo@ipla.org 
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