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1 Introduction 

As the demand for biomass is projected to increase in order to replace fossil fuels and car-
bon-intensive raw materials, biomass supply is expected to face major constraints related 
to sustainability and climate change. Meanwhile, the European Commission (EC) lacks a 
complete assessment of biomass supply and demand across sectors, including material uses. 
A comprehensive, cross-sectoral view of biomass is however necessary to ensure a future 
balance between demand and supply and to assess the fundamental role biomass could play 
in reaching climate neutrality by 2050. Against this background, Agora decided to explore 
further the impacts of biomass related choices regarding energy and materials ƻƴ ǘƘŜ 9¦Ωǎ 
ability to transition to climate neutrality while reaching its competitiveness and strategic 
autonomy goals. 

In this context, Agora commissioned Ifeu to assess the viability and practicality of imple-
menting a merit-order for biomass utilisation, with the objective of contributing to the 
achievement of EU climate neutrality targets, whilst promoting competitiveness and strate-
gic autonomy. Agora had already developed scenarios for biomass demand (Graf et al., 
2023) and supply (Agora Agriculture, 2024) in a climate neutral EU by 2050. The present 
study is based on these fundamental works, and investigates some specific areas of use such 
as biomethane, biofuels and fine chemicals in a more granular way, and provides for a more 
granular allocation of use. Related specific assumptions and results from the Agora main 

scenarios to 2050 are reassessed in the light of the merit-order developed for this study. 

By integrating several dimensions such as land use, resilience and climate mitigation, Agora 
seeks to clarify the political choices to be made on biomass use across sectors and their 
impacts on the main sectors value chains. In close collaboration with Agora, partners ifeu 
and Syke provided support in: 

¶ Developing a methodology for the allocation of biomass use and assessing its relevance 
and limitations; 

¶ Providing, in collaboration with Agora, partners and stakeholders, more granularity for 
biomass supply and demand in focused areas for the existing Agora scenarios; 

¶ Developing a sensitivity analysis for biomass use in organic chemicals as well as refining 
the data and the granularity level of biomass flows;  

¶ Defining, based on the above and in consultation with Agora, how biomass use may de-

velop over time, identifying desirable allocations considering demand and supply; 

¶ Drawing conclusions about the allocation of biomass utilisation across various industrial 

sectors. 
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2 Task description 

The principal task of this study is to develop and apply a method for allocating the types of 
biomass available in the EU27 to the types of biomass use defined as demand. To this end, 
initial approaches developed for the allocation of biomass use in Germany1 were built upon 
and further developed. Criteria for assessing specific uses of specific biomass are based on 
key strategies, regulations and evaluation schemes for biomass and the bioeconomy (Chap-
ter 3). The result is a merit order in the form of a ladder, which serves as guidance for deci-
sions on which biomass should be used for which type of use (Chapter 4).  

These merit orders form one of the fundamental components for the development of an 
Agora biomass scenario (ABS). The other basis is the volumes of available biomass and de-
mand over time until 2050. These volumes are primarily quantified based on two previous 
works by the Agora think tanks, namely: 

¶ Agriculture, forestry and food in a climate neutral EU scenario (Agriculture, forestry and 
food in a climate neutral EU. The land use sectors as part of a sustainable food system 
and bioeconomy, Agora Agriculture, 2024), providing an integrated analysis of the poten-
tial supply of biomass from agriculture and forestry covering the different sustainability 
dimensions within the EU; it presents a scenario for the land use sectors as part of the 
food system and the bioeconomy in a climate neutral EU by mid-century.  

¶ Agora EU Fossil Gas Exit scenario ( Breaking free from fossil gas - A new path to a climate-
neutral Europe,  Graf et al., 2023), providing a detailed pathway for fully transitioning 
away from fossil gas in the coming decades based on structural measures for the reduc-
tion of demand, in a cost-ŜŦŦŜŎǘƛǾŜ ǿŀȅ ŀƴŘ ƛƴ ƭƛƴŜ ǿƛǘƘ ǘƘŜ 9¦Ωǎ climate targets; it high-
lights the key technology deployment milestones in 2030, 2040 and 2050, with a particu-
lar focus on energy, buildings and industry as the main gas-consuming sectors. 

It is the task of this study to review and further integrate the above scenarios for biomass in 
energy and materials. For this, quantity structures of biomass utilisation in Europe are dis-
closed and scrutinised. An important question here is that of granularity: How differentiated 
must biomass types and uses be considered in order to ensure adequate results for the merit 
order methodology on one hand, and for adequate allocation on the other? Section 3.8 aims 

to provide answers to these questions. 

A key part of the work is therefore contained in Chapter 6, which first examines the availa-
bility and demand for biomass in a time series up to 2050 (section 6.1). In line with the merit 
order developed in Chapter 4, section 6.2 then allocates the biomass to different uses, which 
is then combined in section 6.3 to form a complete picture of the ABS. Finally, a comparison 
with the scenario of Europe's 2040 climate target and path to climate neutrality by 2050 
(European Commission, 2024a) is performed in section 6.4.  

ςςςςςςςςςςςςςςςς 
1 Research project on behalf of the Federal Environmental Germany: Scientific support for the implemen-
tation plan for the National Bioeconomy Strategy; publication forthcoming (Fehrenbach et al., n.d.) 
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The study required particular in-depth analysis in various areas relating to the origin and use 
of biomass. This work was incorporated into the final version of the ABS. It is included as 

individual chapters in Annex 1 of the study and covers the following topics: 

¶ Forest wood, including regional and country specific contexts (section 9)  

¶ Biogas, including a country perspective, Germany (section 10) 

¶ Chemical industry as a source of growing biomass demand, including a sensitivity analysis 

(section 11) 

¶ The transport sector, including a country perspective, France (section 12). 

The final objective is to develop the projections given in the Agora scenarios into a refined, 
integrated overall scenario (Agora biomass scenario - ABS), providing suitable criteria for the 
allocation of the available biomass for the most sustainable utilisation. The outcome is an 
optimised path for biomass production and use in a climate-neutral EU by 2050.  

Figure 1 illustrates how the individual parts of the report relate to and build on each other. 

Figure 1:  The structure of the report and the way the chapters build on each other. 

 

Illustration: ifeu 
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3 Methodical approach for the allocation 
of biomass and its utilisation 

Allocation means assigning biomass types to uses based on different priorities: a merit order 
is obtained on the basis of environmental and socio-economic criteria that are derived from 
relevant political strategies and normative starting points (section 3.2) and defined in sec-
tion 3.3 to 3.6).  The application of these criteria leads to a score being awarded, resulting 
ƛƴ ΨƭŀŘŘŜǊǎΩ describing the ranking of uses for specific types of biomass. This merit order 
should be understood as guidance. It is intended to provide orientation and does not claim 
to cover all conceivable aspects and scenarios. The resulting ladders (see section 4) are 
therefore meant as a guidance; they are not prescriptive.  

In a second step, allocation is completed by assigning the quantities of different types of 
biomass available along the merit order of ladders. If the volume of the preferred biomass 
is not sufficient to cover the demand for a particular use, this demand is covered by the 
biomasses lower down in the ladder ς provided that these biomass types are not better 
suited for another use, according to the merit order.  

The approach for allocation is described in section 0. A prerequisite for the allocation is a 
clear inventory of the available biomass. To this end, section 5 describes the status quo of 
biomass demand and supply referring to previous studies by the Agora think tanks (Graf et 
al., 2023), (Agora Agriculture, 2024) as well as further sources (e.g. the Joint Research Centre 
JRC). The result is a comprehensive picture of the distribution of biomass types across dif-

ferent uses, refining and concretising the Agora climate-neutral biomass scenario.  

3.1 Goal and scope of the approach 

To establish a merit order for the various uses of biomass, it is first necessary to distinguish 
between the two levels: 

1. Merit order of different types of biomass (crops, harvested ligno-cellulosic material, 
forest wood, residues and wastes ς in adequate granularity); 

2. Merit order of different types of utilisation (material product, fuel, heat, electricity ς 
also in adequate granularity). 

The first level is applied when different types of biomass can be used for the same purpose 
and a decision needs to be made as to which type of biomass should be preferred. For ex-
ample, wood as a raw material for the chemical sector: On the one hand, this can consist of 
forest wood or on the other hand, this can be produced on agricultural land using short 
rotation coppice (SRC). In this case, completely different land use types for biomass produc-
tion (forest vs. arable land) must be assessed. Another case is the large number of different 
agricultural crops that are to be assessed differently in terms of their sustainability: For in-
stance: if vegetable oil were needed, which type, based on which crop, would be selected? 



20 = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = ifeu  

  

 

The choice can be between rapeseed or sunflower oil, which are widely cultivated in Europe, 
imported palm oil, or vegetable oils with special properties (castor oil, palm kernel oil). For 

the task set out in this study, the first level is therefore only relevant in specific cases. 

The second level, on the other hand, is fundamentally important, as biomass is usually iden-
tified as available based on a supply scenario (also taking sustainability criteria into account). 
The question then arises as to what purpose it should primarily serve. 

Ideally, these questions should be answered using a comprehensive life cycle assessment 
(LCA) ς an LCA that integrates all forms of biomass and all uses. However, such work would 
be extremely extensive and not feasible within the scope of this study. The approach here 
is therefore limited to a selection of criteria and indicators, which nevertheless covers the 
range of relevant aspects and delivers reliable results. Quantifiable variables have been in-
cluded, while a set of selected criteria that are more difficult to quantify have been included 
with qualitative or semi-quantitative assessments (see section 3.3).  

3.2 Strategies and normative starting points 

The proposal for a set of criteria is based on existing strategic and normative frameworks. 
The aim is not to create new criteria, but to establish a solid set for an assessment grid, 
based on these existing frameworks. Referred strategies and normative frameworks, by or-
der of importance, are:  

¶ The EU Green Deal 2 

¶ The EU Bioeconomy Strategy 3(for this study, the version from 2018 was available)4 

¶ The EU Biodiversity Strategy 5 

¶ The EU Renewable Energy Directive (RED); see also Box 1 

¶ The EU Nature Restoration law6 

¶ The EU LULUCF Regulation7 

¶ The EU Forest Strategy for 20308 

¶ The draft EU Forest Monitoring Law9 

Table 1 summarises the sustainability-related aspects that are featured in the analysed 
frameworks. If it contains a clear reference, a tick is placed ς even if the framework does 
not necessarily provide clear measurements. In some cases, the reference to a topic is only 
given indirectly. This is indicated in the table by a tick in brackets. The draft EU Forest 

ςςςςςςςςςςςςςςςς 
2 https://eur-lex.europa.eu/resource.html?uri=cellar:b828d165-1c22-11ea-8c1f-
01aa75ed71a1.0002.02/DOC_1&format=PDF  
3 https://environment.ec.europa.eu/strategy/bioeconomy-strategy_en  
4 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52018DC0673&from=EN  
5 https://data.consilium.europa.eu/doc/document/ST-8219-2020-INIT/en/pdf  
6 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202401991  
7 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018R0841  
8 https://eur-lex.europa.eu/resource.html?uri=cellar:0d918e07-e610-11eb-a1a5-
01aa75ed71a1.0001.02/DOC_1&format=PDF  
9 https://ec.europa.eu/transparency/documents-register/api/files/COM(2023)728?er-
sIds=090166e504b2bb9d,090166e504b2c647; On October 21, 2025, the European Parliament voted to 
reject the proposal. The grounds for the rejection are concerns regarding over-regulation and duplication 
of existing, successful National Forest Inventories. 

https://eur-lex.europa.eu/resource.html?uri=cellar:b828d165-1c22-11ea-8c1f-01aa75ed71a1.0002.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:b828d165-1c22-11ea-8c1f-01aa75ed71a1.0002.02/DOC_1&format=PDF
https://environment.ec.europa.eu/strategy/bioeconomy-strategy_en
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52018DC0673&from=EN
https://data.consilium.europa.eu/doc/document/ST-8219-2020-INIT/en/pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202401991
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018R0841
https://eur-lex.europa.eu/resource.html?uri=cellar:0d918e07-e610-11eb-a1a5-01aa75ed71a1.0001.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:0d918e07-e610-11eb-a1a5-01aa75ed71a1.0001.02/DOC_1&format=PDF
https://ec.europa.eu/transparency/documents-register/api/files/COM(2023)728?ersIds=090166e504b2bb9d,090166e504b2c647
https://ec.europa.eu/transparency/documents-register/api/files/COM(2023)728?ersIds=090166e504b2bb9d,090166e504b2c647
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Monitoring Law was still considered despite its rejection as criteria used in this draft legisla-
tion are of interest for our purpose. 

Table 1: Themes and issues addressed by existing strategic/normative frameworks 

Major themes 

E
U

 G
re

e
n

 D
e
a
l

 

E
U

 B
io

e
c
o

n
o
m

y  

s
tr

a
te

g
y 

E
U-

B
io

d
iv

e
rs

ity
  

s
tr

a
te

g
y 

E
U

 R
E

D
 I
II 

E
U

 N
a
tu

re
  

R
e
s
to

ra
ti
o
n

 la
w 

E
U

 L
U

L
U

C
F

 R
e
g

u
la

tio
n

 

E
U

 F
o
re

s
t 
S

tr
a
te

g
y 

d
ra

ft
 E

U
 F

o
re

st
  

M
o

n
ito

-r
in

g
 L

a
w 

a
)  

Food and nutrition security  
V 

      

Resource efficiency  
V 

  
V (V) V 

 

Climate protection 
V V 

 
V 

 
V V V 

Sustainable land use 
V V V V V V V V 

Protection of biodiversity and  
ecosystem services 

V V V (V) V (V) V V 

Health and environment 
V 

 
V 

     

Socio-economic sustainability 
V V 

      

V: theme considered by the framework; (V): theme partly or indirectly considered by the framework  

a)   Draft EU Forest Monitoring Law rejected 

Source: compilation and judgment by ifeu  

In addition to the strategies and regulatory frameworks, the following indicator systems and 
tools are considered as starting points for sustainability criteria. These are summarised fur-
ther in  

Table 2. 

¶ Planetary boundaries όhΩIŀǊŀ ϧ wŀƳŀƎŜΣ нлмоύ 

¶ EU Bioeconomy Monitoring System (EU-BMS) (Kilsedar et al., 2021) 

¶ GBEP Global Bioenergy Partnership - Sustainability Indicators (GSI) (FAO - GBEP, 2011):  
¢Ƙƛǎ ƛƴǘŜǊƴŀǘƛƻƴŀƭƭȅ ŀƎǊŜŜŘ ŘƻŎǳƳŜƴǘ Ŏƻƴǘŀƛƴǎ нп ƛƴŘƛŎŀǘƻǊǎΣ ŜƛƎƘǘ ŦƻǊ ŜŀŎƘ άǇƛƭƭŀǊέ ŜƴǾƛπ
ronmental, social and economic; the social and economic indicators have a strong refer-

ence to the situation in developing countries. 
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Box 1: The Renewable Energy Directive (RED) ς short description of some core requirements 

 
¢ƘŜ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ 5ƛǊŜŎǝǾŜ όнллфκнуκ9/ύ ǿŀǎ ŬǊǎǘ ŀŘƻǇǘŜŘ ƛƴ нллф ŀƴŘ ǿŀǎ ǘƘŜ ŬǊǎǘ 9ǳǊƻǇŜŀƴ ǊŜƎǳƭŀǝƻƴ 
ǘƻ ǎŜǘ ōƛƴŘƛƴƎ ǘŀǊƎŜǘǎ ŦƻǊ ǘƘŜ ǎƘŀǊŜ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎƛŜǎ ŦƻǊ ǘƘŜ 9¦ ƳŜƳōŜǊ ǎǘŀǘŜǎΦ LƳǇƻǊǘŀƴǘ ǘŀǊƎŜǘǎ ŀƴŘ 
ŎƻƴǘŜƴǘ ƛƴŎƭǳŘŜŘ ǘƘŜ ǎƘŀǊŜ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎƛŜǎ ƻƴ ǘƘŜ ƻƴŜ ƘŀƴŘ ŀƴŘ ƳƛƴƛƳǳƳ ǉǳƻǘŀǎ ŀƴŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ 
ŎǊƛǘŜǊƛŀ ŦƻǊ ōƛƻŦǳŜƭǎ ƻƴ ǘƘŜ ƻǘƘŜǊΦ Lƴ ǘƘŜ ŬǊǎǘ ǾŜǊǎƛƻƴΣ ǘƘŜ ōƛƴŘƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻŦ ōƛƻŦǳŜƭǎ 
ǊŜŦŜǊǊŜŘ ǘƻ ŀ ƳƛƴƛƳǳƳ ǊŜŘǳŎǝƻƴ ƛƴ DID ŜƳƛǎǎƛƻƴǎ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ Ŧƻǎǎƛƭ ŦǳŜƭǎ ŀƴŘ ŜȄŎƭǳǎƛƻƴ ŎǊƛǘŜǊƛŀ ŦƻǊ ǘƘŜ 
ŎƻƴǾŜǊǎƛƻƴ ƻŦ ƭŀƴŘΣ ǘƘŀǘ Ƙŀǎ ōŜŜƴ ǇǊƛƳŀǊȅ ŦƻǊŜǎǘΣ ƘƛƎƘƭȅ ōƛƻŘƛǾŜǊǎŜ ƎǊŀǎǎƭŀƴŘ ŀƴŘ ŎŀǊōƻƴπǊƛŎƘ ƭŀƴŘ ŀƊŜǊ нллуΦ 
¢ƘŜ ŎǊƛǘŜǊƛŀ ŀǇǇƭȅ ǘƻ ŜǾŜǊȅ ŎƻƴǎƛƎƴƳŜƴǘ ƻŦ ōƛƻŦǳŜƭǎ ŀƴŘ Ƴǳǎǘ ōŜ ǾŜǊƛŬŜŘ ōȅ ŎŜǊǝŬŎŀǝƻƴ ǘƘǊƻǳƎƘ ǊŜŎƻƎƴƛǎŜŘ 
ǾƻƭǳƴǘŀǊȅ ǎȅǎǘŜƳǎΦ 

¢ƘŜ ŬǊǎǘ ǊŜŎŀǎǘ ŀǎ w95 LL ό5ƛǊŜŎǝǾŜ ό9¦ύ нлмуκнллмύ ǿŀǎ ŀŘƻǇǘŜŘ ƛƴ нлму ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ŎƭƛƳŀǘŜ ǘŀǊƎŜǘǎ ŦƻǊ 
нлол ŀƴŘ ŦǳǊǘƘŜǊ ǝƎƘǘŜƴ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎƛŜǎ ŀƴŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǎǘŀƴŘŀǊŘǎΦ LƳǇƻǊǘŀƴǘ 
ŎƘŀƴƎŜǎ ƛƴŎƭǳŘŜŘΥ 

¶ Renewable energy target for 2030 to at least 32% by 2030. 

¶ Promotion of advanced biofuels by introducing mandatory quotas for advanced biofuels, which are pro-
duced from waste or residues. 

¶ Sustainability requirements were extended to solid and gaseous biomass. 

¶ The concepts of ΨwŜƴŜǿŀōƭŜ CǳŜƭǎ ƻŦ Non-.ƛƻƭƻƎƛŎŀƭ hǊƛƎƛƴΩ όwCb.hǎύ is introduced to integrate fuels based 
on green hydrogen. 

¢ƘŜ ǎŜŎƻƴŘ ǊŜŎŀǎǘ ŀǎ w95 LLL ό5ƛǊŜŎǝǾŜ ό9¦ύ нлноκнпмоύ ǿŀǎ ŀŘƻǇǘŜŘ ƛƴ нлно ŀƴŘ ƛǎ ƳƻǊŜ ŎƭƻǎŜƭȅ ŀƭƛƎƴŜŘ ǿƛǘƘ 
ǘƘŜ ŀƳōƛǝƻǳǎ Ǝƻŀƭǎ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ DǊŜŜƴ 5Ŝŀƭ ŀƴŘ ŎƭƛƳŀǘŜ ƴŜǳǘǊŀƭƛǘȅ ōȅ нлрлΦ YŜȅ ŀǎǇŜŎǘǎ ƛƴŎƭǳŘŜΥ 

¶ Increasing the renewable energy target to 42.5%: RED III sets a target of increasing the share of renewable 
energy to at least 42.5% by 2030, with the option of aiming for 45%. 

¶ Binding targets to increase renewable energy use in the transport sector in order to reduce greenhouse gas 
(GHG) emissions by at least 14.5% by 2030, compared to a baseline fossil fuel scenario, or by a 29% share of 
renewable energy in the end-use energy consumption by 2030. The obligations include a minimum 5.5% 
share for advanced biofuels and RFNBOs, with RFNBOs required to make up at least 1% of fuel sales. 

¶ Renewable energy sources in buildings and heating systems shall be promoted by renewable energy use for 
heating and cooling, including the integration of heat pumps and district heating systems. 

¶ RED III sets stricter criteria for the sustainable use of biomass, in particular to protect forest ecosystems and 
preserve biodiversity. 

¶ Obligations on industries, requiring an annual 1.6% increase in renewable energy use for the period of 2021-
2030 and establishing an indicative sub-target for hydrogen to reach 42% of industrial use by 2030 and 60% 
by 2035. 

¢ƘŜ ƴŀƳŜπƎƛǾƛƴƎ Ǝƻŀƭ ƻŦ ŀƭƭ ǾŜǊǎƛƻƴǎ ƻŦ ǘƘŜ w95 ƛǎ ǘƘŜ ǇǊƻƳƻǝƻƴ ƻŦ ǘƘŜ ǳǎŜ ƻŦ ŜƴŜǊƎȅ ŦǊƻƳ ǊŜƴŜǿŀōƭŜ ǎƻǳǊŎŜǎΦ 
IƻǿŜǾŜǊΣ ŦƻǊ ōƛƻƳŀǎǎΣ ǘƘŜ w95 LLL ŀƭǎƻ ǊŜŎƻƎƴƛȊŜǎ ǘƘŜ Ǌƛǎƪ ǇƻǎŜŘ ōȅ ŘƛǎǘƻǊǝǾŜ ŜũŜŎǘǎ ƻƴ ǘƘŜ ōƛƻƳŀǎǎ Ǌŀǿ 
ƳŀǘŜǊƛŀƭ ƳŀǊƪŜǘ ŀƴŘ ŀƴ ŀŘǾŜǊǎŜ ƛƳǇŀŎǘ ƻƴ ōƛƻŘƛǾŜǊǎƛǘȅΣ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ǘƘŜ ŎƭƛƳŀǘŜΣ ǿƘŜƴ ǇǊƻƳƻǝƻƴ ƻŦ 
ōƛƻƳŀǎǎ ƛǎ ƻƴƭȅ ŦƻŎǳǎǎŜŘ ƻƴ ŜƴŜǊƎȅ ǳǎŜΦ !ǊǝŎƭŜ оόоύ ǘƘŜǊŜŦƻǊŜ ǎǝǇǳƭŀǘŜǎ ǘƘŀǘ ǎǳŎƘ ŜũŜŎǘǎ Ƴǳǎǘ ōŜ ǇǊŜǾŜƴǘŜŘ 
ōȅ ŀǇǇǊƻǇǊƛŀǘŜ ƳŜŀǎǳǊŜǎ ŀƴŘ ǘƘŀǘΣ ƛƴ ŀƭƭ ƻǘƘŜǊ ǊŜǎǇŜŎǘǎΣ ǘƘŜ ǇǊƛƴŎƛǇƭŜ ƻŦ ŀ ŎŀǎŎŀŘƛƴƎ ǳǎŜ ƻŦ ōƛƻƳŀǎǎ Ƴǳǎǘ ōŜ 
ŦƻƭƭƻǿŜŘΦ aƻǊŜƻǾŜǊΣ w95 LLL ǊǳƭŜǎ ǘƘŀǘ ƴŀǝƻƴŀƭ ǎǳǇǇƻǊǘ ǎŎƘŜƳŜǎ ŦƻǊ ŜƴŜǊƎȅ ŦǊƻƳ ōƛƻŦǳŜƭǎΣ ōƛƻƭƛǉǳƛŘǎ ŀƴŘ 
ōƛƻƳŀǎǎ ŦǳŜƭǎ Ƴǳǎǘ ŀǾƻƛŘ ƛƴŎŜƴǝǾƛǎƛƴƎ ǳƴǎǳǎǘŀƛƴŀōƭŜ ǇŀǘƘǿŀȅǎ ŀƴŘ ŘƛǎǘƻǊǝƴƎ ŎƻƳǇŜǝǝƻƴ ǿƛǘƘ ǘƘŜ ƳŀǘŜǊƛŀƭ 
ǎŜŎǘƻǊǎΦ ¢ƘŜ w95 LLL ƎƛǾŜǎ ǎǇŜŎƛŀƭ ŀǧŜƴǝƻƴ ǘƻ ǿƻƻŘȅ ōƛƻƳŀǎǎΣ ǳǎŜ ƻŦ ǿƘƛŎƘ Ƴǳǎǘ ōŜ ŀƭƛƎƴŜŘ ǿƛǘƘ ƛǘǎ ƘƛƎƘŜǎǘ 
ŜŎƻƴƻƳƛŎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀŘŘŜŘ ǾŀƭǳŜΦ IƻǿŜǾŜǊΣ ƛǘ ǊŜƳŀƛƴǎ ǘƻ ōŜ ǎŜŜƴ Ƙƻǿ ǘƘŜǎŜ ǇǊŜŎŀǳǝƻƴŀǊȅ ŜƭŜƳŜƴǘǎ 
ƻŦ ǘƘŜ ƭŜƎƛǎƭŀǝǾŜ ǘŜȄǘ ǿƛƭƭ ǿŜƛƎƘǘ ƛƴǘƻ ǘƘŜ ŀŎǘǳŀƭ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ǘƘŜ 5ƛǊŜŎǝǾŜ ōȅ aŜƳōŜǊ {ǘŀǘŜǎΦ 
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Table 2: Themes and issues addressed by indicator systems 

Major themes Planetary  
boundaries 

EU- Bioeconomy  
Monitoring System  

GBEP Sustainability  

Indicators 

Food and nutrition security  Ensuring Food and Nutri-
tion Security  

Price and supply of a national 
food basket  

Resource protection (indirect) Reducing dependence on 
non-renewable unsustain-
able resources, whether 
sourced domestically or 
from abroad  

Productivity 
Net energy balance  

Climate protection Climate change Mitigating and adapting 
to climate change  

Lifecycle GHG emissions  

Sustainable land use Land-system 
change 

Primary production sec-
tors are managed sustain-
ably  

Land use and land-use 
change related to bioenergy 
feedstock production  

Protection of biodiversity 
and ecosystem services 

Biosphere  
integrity 

Managing Natural Re-
sources Sustainably  
Ecosystem capacity to 
produce services is main-
tained or enhanced  

Biological diversity in the 
landscape  

Health and environment Atmospheric  
aerosols 

Biochemical flows 

Novel entities 

 Soil quality, Pollutants,  
Water use & efficiency, qual-
ity,  
Mortality and burden of dis-
ease attributable to indoor 
smoke  

Socio-economic  
sustainability 

 Strengthening European 
competitiveness and cre-
ating job 

Jobs in the bioenergy sector, 
Bioenergy used to expand ac-
cess to modern energy ser-
vices. 
Gross value added, 
Energy diversity, 
Infrastructure and logistics 
for distribution of bioenergy, 
Capacity and flexibility of use 
of bioenergy 

Source: (Richardson et al., 2023), (Kilsedar et al., 2021), (FAO - GBEP, 2011); compilation by ifeu  
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3.3 Identification and selection of criteria 

As a result of the analysis of strategies, regulative frameworks and indicator systems, the 
following major themes are identified. These themes constitute the basis for determining 
the biomass allocation criteria. The criteria differ depending on the two levels described 
above (1. assessment of different types of biomass; 2. assessment of different types of us-
age). The purpose of Table 3 is to provide an overview and to specify whether the proposed 
criteria are relevant of level 1. and/or 2. Each of the listed themes shall be represented by 
at last one criterion. 

Table 3: Suitability of the themes/criteria for use in the two assessment levels (biomass type and biomass utilisation) and pro-

posed criteria 

Major theme Relevance for level 1 and/or 2 Level Proposed criteria 

Food and nutrition 
security 

Highly relevant for level 2 1 Supply scenario compatible with Planetary Health 
Diet (PHD), e.g. the Agora climate neutrality sce-
nario with 80% of the EU27 population follow 
ҒtI5 

Resource efficiency Highly relevant for level 2 

In particular cases relevant for 
level 1. 

2 
 

1 

Appropriate indicator for material or resource ef-
ficiency representing the biogenic raw material 
consumption considering the preservation of the 
material after use and the cascading principle. 

Climate protection 2 
 

1 

!ǇǇǊƻǇǊƛŀǘŜ ƛƴŘƛŎŀǘƻǊ ŦƻǊ DID ǎŀǾƛƴƎΥ αŎƭŀǎǎƛŎalά 
GHG balance including a reference system; also 
considering temporal C storage 

Protection of biodi-
versity & ecosystem 
services 

Highly relevant for level 1;  
i.e. the determination of the 
sustainably available biomass 
potential because the core 
question is: which biomass is 
produced at what total quan-
tity? 

1 Supply scenario compatible with nature protec-
tion goals;  
grassland is preserved;  
forest area slightly increased and management 
extensified 

Sustainable land use 1 Supply scenario confines the area for non-food 
biomass utilisation to the area remaining in the 
EU after self-sufficiency at 80% PHD. 

Health and environ-
ment 

Highly relevant for level 2 

In particular cases relevant for 
level 1, e.g.  for a type of bio-
mass with regard on nitrogen 
input. 

2 
 

1 

In view of the broad topic, a selection of out-
standing environmental impacts typical of bio-
mass is made here, for which a more qualitative 
categorisation (e.g. strong, medium, no impact) is 
made. 

Socio-economic sus-
tainability 

Highly relevant for level 2 2 Three criteria proposed: 

¶ Substitution potential by renewable alterna-
tives (technical, economical, over time) 

¶ Connection of biomass use option with infra-
structure issues 

¶ Cross-sectoral benefits vs lock-in-effects for 
fossil infrastructure 

Compilation: ifeu 
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Figure 2: Suitability of the themes/criteria for use in the two allocation levels biomass type and biomass utilisation 

 

Source: ifeu 

Level 1 criteria, which are essential to determine the available biomass supply potentials, 

were already applied in the Agora scenarios (Agora Agriculture, 2024). 

In the following, the selected indicators are introduced in detail. From a technical perspec-

tive, these criteria are to be divided into two different types: 

1. Those with quantitative indicators based on a life cycle assessment that require mod-
elling and calculation of the indicator results. These include raw material efficiency 
and GHG balance. On the one hand, these indicators must be adequate for the com-
plexity of the task at hand; on the other hand, simplifications are necessary to keep 
the procedure comprehensible and transparent. 

2. Those that are evaluated using qualitative or semi-quantitative indicators. This re-
quires clear and conclusive lines of argumentation. It must be acknowledged that the 
areas affected - health and environment and socio-economic sustainability - are so 
wide-ranging that not all related aspects can be covered here. 

3.3.1 Raw material efficiency 

The concept of resource efficiency goes beyond material or raw material efficiency, as re-
sources also include physical space (land), environmental media (water, soil, air), flowing 
resources (e.g. geothermal, wind, tidal and solar energy) and biodiversity (UBA, 2012). Most 
existing resource indicators refer solely to raw material consumption or expenditure, such 
as: Raw Material Index (RMI), Total Material Requirement (TMR), Raw Material Consump-

tion (RMC) or Cumulated Raw material Demand (CRD). 

In this study however, the biogenic raw material takes centre stage. The cumulated raw 
material demand (CRD), shown as CRDbiogenic, can therefore serve as a fundamentally suita-
ble indicator. The concept of the CRD is described as standard method for resource effi-
ciency by the standard VDI 4800 Part 2 (VDI, 2018). 
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As a rule, the CRD (like other raw material indicators) leads to higher values for complex life 
cycles (e.g. manufacture of a material product) than for simple utilisation (e.g. incineration). 
For this study, the correct approach would be one that also recognises the remaining raw 
material potential post primary use. As this question arises again at the end of use of a sec-
ondary product, a multi-stage cascade utilisation can also be evaluated in this way.  

To handle this, a raw material conservation factor (RCF) is introduced. This factor compen-
sates for a weakness in the LCA approach, which does not differentiate between material 
and energy use in a usual procedure for raw material consumption. In both cases, the raw 
material is extracted. In the case of energy use, it is then consumed, i.e. no longer exists. In 
the case of material use, at least a portion of the material is still available for reutilization as 
a raw material. In LCAs, this can be solved using complex system expansions. For the task at 
hand, such complex analyses are not an option. A simplification is required here, and the 
RCF offers one. 

Figure 3 shows the principle of the RCF, illustrating a generic simplified value chain and the 
derived RCF. Firstly, the CRDbiogenic must generally be calculated for the raw material quantity 
required for the product, taking processing losses into account. In the case of by-products 
and co-products, an allocation of emissions and impacts must be made. If a certain propor-
tion of the material remains after the product has been used (losses can occur due to wear 
and tear or during collection as post-consumer waste), this is included in the RCF, which is 
ǘƘŜƴ ǳǎŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ άŜŦŦŜŎǘƛǾŜέ /w5bio-eff. If the material is no longer available after 
use (e.g. through incineration), the RCF is zero. In the given example in Figure 3, 50% of the 

primary raw material is lost during production and utilisation, leading to a RCF of 0.5. 

Figure 3:  The principle of the raw material conservation factor (RCF) 

 

Source and illustration: ifeu 

Particular attention must be paid to the assessment of waste and residues. According to VDI 
standard 4800 Part 2 (2018), secondary raw materials are only taken into account with their 
transport and processing costs. However, by introducing the raw material conservation fac-
tor (RCF), which takes into account how much of the raw material originally used is still 
available for further use at the end of a biomass product's utilisation cycle, consistency with 
the assessment for waste materials can be ensured. A deduction for remaining secondary 
raw material utilisation at the end of the life cycle of a product made from primary raw 
materials excludes a "zero CRD" for secondary products. Biogenic secondary raw materials 
must therefore also be reported but are listed separately as such.  
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Box 2: Proposal of a raw material efficiency criterion 

 
¢ƘŜ ŀǇǇǊƻŀŎƘ ƻŦ ǘƘŜ /w5ōƛƻƎŜƴƛŎ ƛǎ ǇǊƻǇƻǎŜŘ ŀǎ ŀ ōŀǎƛŎ ŀǇǇǊƻŀŎƘ ōŀǎŜŘ ƻƴ ±5L пулл {ƘŜŜǘ нΦ ¢ƘŜ ǊŜǎǘǊƛŎǝƻƴ ǘƻ ǘƘŜ 

ōƛƻƎŜƴƛŎ ǎƘŀǊŜ ƛǎ ƧǳǎǝŬŜŘ ōȅ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ƳƛƴŜǊŀƭ Ǌŀǿ ƳŀǘŜǊƛŀƭǎ ǘŜƴŘ ǘƻ Ǉƭŀȅ ŀ ǎǳōƻǊŘƛƴŀǘŜ ǊƻƭŜ ƛƴ ōƛƻƳŀǎǎ 

ǇǊƻŘǳŎǘǎΣ ŀƴŘ Ŧƻǎǎƛƭ ǊŜǎƻǳǊŎŜǎ ŀǊŜ ŎƻǾŜǊŜŘ ƛƴ ǘƘŜ ŎǊƛǘŜǊƛƻƴ ƻƴ ŎƭƛƳŀǘŜ ǇǊƻǘŜŎǝƻƴΦ Lƴ ŀŘŘƛǝƻƴΣ ǘƘŜ ƛƴŘƛŎŀǘƻǊ ǿƻǳƭŘ 

ōŜ ŦǊŀƎƳŜƴǘŜŘ ōȅ ŘƛũŜǊŜƴǘ ǘȅǇŜǎ ƻŦ /w5Σ ǿƘƛŎƘ ǿƻǳƭŘ ǳƭǝƳŀǘŜƭȅ ŎƻƳǇƭƛŎŀǘŜ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘΦ 

¢ƘŜ /w5ōƛƻƎŜƴƛŎ ƛǎ ǎǳǇǇƭŜƳŜƴǘŜŘ ƘŜǊŜ ōȅ ŀ Ǌŀǿ ƳŀǘŜǊƛŀƭ ŎƻƴǎŜǊǾŀǝƻƴ ŦŀŎǘƻǊ όw/CύΦ ¢ƘŜ ǇǊƛƴŎƛǇƭŜ ƻŦ ǘƘƛǎ ŦŀŎǘƻǊ ƛǎ 

ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ CƛƎǳǊŜ оΦ ¢Ƙƛǎ ǊŜǎǳƭǘǎ ƛƴ ŀƴ ϦŜũŜŎǝǾŜϦ /w5ōƛƻπŜũ Σ ǿƘƛŎƘ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŀǎ ŦƻƭƭƻǿǎΥ  

/w5ōƛƻπŜũ ώƪƎŦΦƳΦκƪƎ /ǇǊƻŘΦϐ Ґ  /w5ōƛƻƎŜƴƛŎ  ώƪƎŦΦƳΦκƪƎ /ǇǊƻŘΦϐ π м ώƪƎ /ǇǊƻŘΦκƪƎ /ǇǊƻŘΦϐ Ҍ όм ώƪƎ /κƪƎ /ǇǊƻŘΦϐ ς w/CύΦ 

¢ƘŜ ǊŜŦŜǊŜƴŎŜ ǾŀƭǳŜ ƛǎ ǘƘŜ Ƴŀǎǎ ƻŦ ŎŀǊōƻƴ ƛƴ ǘƘŜ ƭŀǎǘ ǇǊƻŘǳŎǘ ŀǾŀƛƭŀōƭŜ ŀǎ ŀ ƳŀǘŜǊƛŀƭΥ  

/w5ōƛƻπŜũ  ǇŜǊ ƪƎ /Φ 

CƻǊ ǘƘŜ ƻǾŜǊŀƭƭ ŀǎǎŜǎǎƳŜƴǘΣ ǘƘŜ ǊŜǎǳƭǘǎ ǇŜǊ ƪƎ / ŀǊŜ ŀǇǇƭƛŜŘ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ŎŀǊŘƛƴŀƭ ōǳǊŘŜƴ ǎŎƻǊŜǎΥ  

мΦр ƪƎ /w5ōƛƻπŜũ κƪƎ / ōƛƻƳŀǎǎ ǇǊƻŘǳŎǘ ǎŎƻǊŜǎ мΦрΦ  

¢ƘŜ ƭƛƪŜƭȅ ǊŀƴƎŜ ƻŦ ǊŜǎǳƭǘǎ ǊŜŀŎƘŜǎ ŦǊƻƳ л ǘƻ нΦр ƪƎ ōƛƻƳŀǎǎκƪƎ /Σ ƴŀǘǳǊŀƭƭȅ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǎǇŜŎƛŬŎ ǇǊƻŘǳŎǘ ŀƴŘ 

ǇŀǘƘǿŀȅΦ 

 

3.3.2 Climate protection  

In the context of any environmental impact assessment, a criterion for this metric is indis-
pensable due to the urgency of climate protection. This is particularly true for bioeconomy 
measures, as their main justification lies in the expected savings in greenhouse gases and 
role as carbon sinks,10. There are numerous methodological standards for balancing green-
house gas emissions. These are an integral part of life cycle assessments and there are in-
ternational standards and specifications such as ISO 14067 (2018), the Greenhouse Gas Pro-
tocol (WRI & WBCSD, 2011) and RED II/III.11 

For the assessment of this criterion, we consider that the following principles that are gen-
erally applicable to a GHG balance sheet must be fulfilled: 

¶ The accounting framework must be clearly defined: to what (which functional unit) is the 
accounting related? This can be 1 kg of a product for a defined function (or an energy unit 
in the case of bioenergy) or the total amount of biomass produced and utilised.   
For the analysis here, the GHG balance is based on 1 kg C in the product (which is the fuel 
in the case of bioenergy).  

¶ When comparing different materials (here: different biomasses) or uses, the functional 
benefits must be the same. A direct comparison of the GHG balance of the production 
and use of a piece of furniture made of wood with the use of the same wood for energy 

ςςςςςςςςςςςςςςςς 
10 άCarbon sink refers to any system, natural or artificial, that absorbs more carbon dioxide (CO2) from the 
atmosphere than it releases, thereby reducing the concentration of greenhouse gases in the atmosphere. 
Natural carbon sinks include forests, soils, and oceans, which capture and store carbon through processes 
like photosynthesis, carbon sequestration in soil, and oceanic absorption. Artificial carbon sinks or industrial 
removals involve technologies that capture CO2 from the atmosphere and store it in underground for-
mations or in other secure locationsέ (Eurostat, 2024a). 
11 see footnote Fehler! Textmarke nicht definiert. 
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purposes is inadmissible if the different functional benefits are not included. This can be 
done, for example, by including reference products (substitution). 

¶ Balancing takes place over the life cycle (cradle to grave), which ends with the utilisation 
of biomass for energy purposes in most cases and requires a definition of the post-utili-
sation phase and how this is to be taken into account in the balance for material use. 

¶ Emissions from background processes (upstream chains for e.g. electricity, fertilisers, 
transport, etc.) are included. 

¶ Emissions from the production of capital goods (equipment, infrastructure) are included 
or excluded for transparent reasons.  
Exclusion is recommended here, which simplifies the balance area. This also ensures con-
sistency with the GHG calculation method under RED III. However, it should be noted that 
the electricity-based production options in the reference system are associated with com-
paratively higher infrastructure costs than fossil and biomass-based systems (Matthes et 
al., 2017). 

The handling of biogenic carbon requires special consideration. The ISO standard on the 
carbon footprint (ISO 14067, 2018) requires a separate balance for the uptake of CO2 
through plant growth one the one hand, and emissions at the end of the bio-based product's 
life on the other hand. Uptake and emission are not in balance, as the annually compiled 
national emission inventories for the LULUCF sector show. Carbon dioxide removal (CDR) 
has to be considered with care, since storage effects can last for different periods of time 
and often only for a very short time. ISO 14067 only allows for consideration of storage 
facilities with a product life of more than 10 years. Moreover, the storage effect of so-called 
nature-based solutions (NbS) are too complicated to be directly attributed to products. 
Sources and sinks are therefore included in the balance here for the following aspects: 

¶ Emission/removal effects in the LULUCF context are not directly included ς not even in 
the context of harvested wood products; however, to consider the apparent difference 
between storage of carbon in products and the immediate emission of CO2, when bio-
mass is combusted, these CO2 emissions are included.   
The scientific background for this approach is provided by Soimakallio et al. (2022) who 
examined 45 international forest simulation studies on boreal and temperate forests and 
analysed the extent to which the sink capacity of the forest changes depending on the 
management intensity. They derived an average CO2 storage balance of 1.2 tonnes CO2 
per m³ harvested wood.   
Based on this, Hennenberg et al. (2024) conclude that the product GHG balance should 
at least be extended to include the CO2 combustion emissions of wood if results are to 

be used in decision-making on the use of wood energy to achieve national GHG targets. 

¶ On the other hand, future bioenergy utilisation could be associated with carbon captur-
ing technology where this proves practicable. Long-term storage (bioenergy, carbon cap-
ture and storage ς BECCS) would eliminate the CO2 emissions that would otherwise be 
released from burning wood. The situation is different if the captured CO2 is utilised (bi-
oenergy, carbon capture and use ς BECCU).  
Long-term storage (BECCS) would eliminate the CO2 emissions that would otherwise be 
released from burning wood. This is not the case if the captured CO2 is utilised (BECCU), 
as the removal from the atmosphere is only short-term. In addition, instead of the CO2 
captured from biomass combustion, CO2 can also be extracted directly from the air - 
which is currently less economical due to the significantly higher costs compared to CO2 
that can be more easily captured from a CO2-rich (exhaust) gas. However, the net effect 
of BECCU in terms of CO2 in the atmosphere is not given. 
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In a different context and as for all the criteria considered here, the time horizon is a decisive 
factor for the GHG balance. This applies in two respects: Firstly, for the GHG intensity of the 
biomass production itself. Improvements over time predict lower emissions in future. Sec-
ondly, and even more significantly, for the reference system whose substitution by the bio-
mass product is assumed. In the current status quo, it can be assumed in many cases that 
an increasing number of bio-based products will replace products based on fossil carbon. 
Due to the de-fossilisation this will not occur solely as a result of the growth of the bioecon-
omy, competition with other renewable production systems, e.g. based on green hydrogen 

and CO2 from the air, so-called PtGLS,12 can be increasingly assumed in the future. 

Assumptions are therefore made on the development of GHG emissions from the biomass 

system and the reference system along annual slices (see also section 3.4). 

Box 3: Proposal of a climate protection criterion 

 
!ƴ ŀōǎƻƭǳǘŜ ōŀƭŀƴŎŜ ǾŀƭǳŜ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ƪƎ /hнŜǉΦ ǇŜǊ ƪƎ ǇǊƻŘǳŎǘ όƛƴ ŎŀǎŜ ƻŦ ōƛƻŜƴŜǊƎȅ ǇŜǊ ƪƎ ŦǳŜƭύΦ 

!ǎ ǳǎǳŀƭΣ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘŜ ƭƛŦŜ ŎȅŎƭŜ ƛǎ ōŀƭŀƴŎŜŘ όƭƻŀŘύ ŀƴŘ ǘƘŜ ǊŜŦŜǊŜƴŎŜ ǾŀƭǳŜ ŦƻǊ ǘƘŜ ŎƻƳǇŀǊŀōƭŜ ƴƻƴπōƛƻƎŜƴƛŎ 

ǇǊƻŘǳŎǘ ƛǎ ǎǳōǘǊŀŎǘŜŘ ŦǊƻƳ ǘƘƛǎΦ ¢ƘŜ ŎŀƭŎǳƭŀǝƻƴ ƻŦ ǘƘŜ DID ōŀƭŀƴŎŜ ƛƴŎƭǳŘŜǎΥ 

ŀύ ¢ƘŜ DID ŜƳƛǎǎƛƻƴǎ ŀƭƻƴƎ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ŎƘŀƛƴ ŦƻǊ ŜŀŎƘ ǇǊƻŘǳŎǘ ƛƴ ƪƎ /hнŜǉΦ ǇŜǊ ƪƎ ōƛƻƳŀǎǎ όŦƻƭƭƻǿƛƴƎ ǘƘŜ 

ƳŜǘƘƻŘƛŎŀƭ ǊǳƭŜǎ ōȅ ǘƘŜ w95 LLLΣ ǿƛǘƘ ǘƘŜ ŘƛũŜǊŜƴŎŜ ǘƘŀǘ ǘƘŜ ǊŜŦŜǊŜƴŎŜ ƛǎ ƴƻǘ ǘƻ aW ǇǊƻŘǳŎǘ ōǳǘ ǘƻ ƪƎύΦ 

ōύ ¢ƘŜ /hн ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŦƻǊŜǎǘ ǿƻƻŘ ŎƻƳōǳǎǝƻƴ όƧǳǎǝŬŜŘ ōȅ ǘƘŜ ƴŜǘ ƭƻǎǎ ƻŦ ǎƛƴƪ ƛƴ ǘƘŜ ŦƻǊŜǎǘΣ ǎƻ ǘƘƛǎ ŘƻŜǎ ƴƻǘ 

ŀǇǇƭȅ ǘƻ ǿƻƻŘ ŦǊƻƳ ƻǘƘŜǊ ǎƻǳǊŎŜǎ όŜΦƎΦ ŀƎǊƛŎǳƭǘǳǊŀƭ ǿƻƻŘύΣ ŀǎ ŎǳƭǝǾŀǝƻƴ ǘŜƴŘǎ ǘƻ ŀŎǘ ŀǎ ŀ ǎƛƴƪ ǘƘŜǊŜΦ Lǘ ŀƭǎƻ 

ŘƻŜǎ ƴƻǘ ŀǇǇƭȅ ǘƻ ƻǘƘŜǊ ōƛƻƳŀǎǎ ǘƘŀǘ ŘƻŜǎ ƴƻǘ ŜƴŀōƭŜ ǇŜǊƳŀƴŜƴǘ ǎǘƻǊŀƎŜύΦ 

Ŏύ ¢ƘŜ ŜƳƛǎǎƛƻƴ ŀǾƻƛŘŀƴŎŜ ǘƘǊƻǳƎƘ .9//{ ŦƻǊ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ŀǊŜ ǎǳƛǘŀōƭŜ ŦƻǊ ǘƘƛǎ όƭŀǊƎŜ ŎƻƳōǳǎǝƻƴ 

ǇƭŀƴǘǎΣ ǎǳŎƘ ŀǎ ǿŀǎǘŜ ƛƴŎƛƴŜǊŀǘƻǊǎ ƻǊ ŎŜƳŜƴǘ ǿƻǊƪǎΤ ŀƴŘ ōƛƻƳŜǘƘŀƴŜ ǇƭŀƴǘǎύΦ 

Řύ ¢ƘŜ ŜƳƛǎǎƛƻƴǎ ŀƭƻƴƎ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǊŜŦŜǊŜƴŎŜ ǇǊƻŘǳŎǘǎ όŀǎǎǳƳŜŘ ǘƻ ōŜ ǎǳōǎǝǘǳǘŜŘΣ 

ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ǝƳŜ ƘƻǊƛȊƻƴύ 

¢Ƙƛǎ ǊŜǎǳƭǘǎ ƛƴ ŀ DID ōŀƭŀƴŎŜΣ ǿƘƛŎƘ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŀǎ ŦƻƭƭƻǿǎΥ  

DIDōŀƭŀƴŎŜ ώƪƎ /hнŜǉΦκƪƎōƛƻǇǊƻŘǳŎǘϐ Ґ  9ōƛƻǇǊƻŘǳŎǘ Ҍ 9ŦƻǊŜǎǘ ²ƻƻŘ ŎƻƳōǳǎǝƻƴ ς 9//{ ς 9wŜŦŜǊŜƴŎŜ ǇǊƻŘΦ ώƪƎ /hнŜǉΦκƪƎōƛƻǇǊƻŘǳŎǘϐ 

¢ƘŜ ǉǳŀƴǝǘŀǝǾŜ ǊŜǎǳƭǘ ƻŦ ǘƘŜ DID ōŀƭŀƴŎŜ ƛƴ ƪƎ /hн ŜǉΦκƪƎ ōƛƻǇǊƻŘǳŎǘ Ŏŀƴ ōŜ ƴŜƎŀǝǾŜ ƻǊ ǇƻǎƛǝǾŜ ǾŀƭǳŜǎΤ ƴŜƎŀǝǾŜ 

όƴŜǘ ǎŀǾƛƴƎǎ ǾŀƭǳŜǎύ ōŜƛƴƎ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀ ǊŜƭƛŜŦ ŀƴŘ ǇƻǎƛǝǾŜ ǾŀƭǳŜǎ όƴŜǘ ŜƳƛǎǎƛƻƴǎύ ŀǎ ŀ ōǳǊŘŜƴΦ 

¢ƘŜ ƭƛƪŜƭȅ ǊŀƴƎŜ ƻŦ ǊŜǎǳƭǘǎ ǊŜŀŎƘŜǎ ŦǊƻƳ πнΦр ǘƻ ҌоΦл ƪƎ /hн ŜǉΦκƪƎΣ ƴŀǘǳǊŀƭƭȅ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǎǇŜŎƛŬŎ ǇǊƻŘǳŎǘ ŀƴŘ 

ǇŀǘƘǿŀȅΦ  

 

 

3.3.3 Health and environment 

Further criteria are conceivable here, which can be formulated on the basis of the strategies 
and also the planetary boundaries. These in turn go hand in hand with the biodiversity strat-
egy, such as the goal of reducing the use of pesticides by 50% - which was also confirmed by 
the CDB-COP 15 agreement in Montreal in 2022 (CBD, 2023). The concept of planetary 

boundaries (Richardson et al., 2023) should also be taken into consideration, which include: 

ςςςςςςςςςςςςςςςς 
12 PtGLS: Power to Gas, Liquid, Solids: to be understood for the entire product range that can be generated on the basis 
of green hydrogen with CO2, for both energy (e.g. the so-called e-fuels) and material utilisation (e.g. hydrogen for syn-
thesis and hydrocarbons). 
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¶ Change in biogeochemical cycles (especially nitrogen) ς already classified as relevant for 
biodiversity and less relevant for the type of utilisation (level 2) than for biomass produc-

tion (level 1). 

¶ Overloading with novel substances. 

¶ Increase in aerosol pollution. 

¶ Ozone depletion in the stratosphere. 

The last two boundaries are in the safe operating space, according to Richardson et al. 
(2023) and are therefore not seen as fundamentally urgent here. However, in view of the 
contribution of solid biomass combustion to particulate matter pollution, this criterion may 

be of particular importance for the assessment in the bioeconomy.  

Overloading with novel substances, on the other hand, is clearly above the uncertainty 
range,13 although considerable uncertainties remain, regarding the exact method of assess-
ment. A criterion based on this planetary boundary may be relevant when investigating 
(bio)technically produced biomass. However, methodological developments are still re-
quired for a reliable assessment. Thus, a more qualitative criterion will be formulated here.  

Moreover, a justifiable detection of another particularly environmentally harmful effect as-
sociated with biomass production shall be considered by a third score within this criterion, 
as explained in Box 4. 

Box 4: Proposal of a criterion for the assessment of health-related environmental impacts 

 
¢ƘǊŜŜ ŀǎǇŜŎǘǎ ŀǊŜ ŀǎǎŜǎǎŜŘ ƘŜǊŜ όǉǳŀƭƛǘŀǝǾŜƭȅύΥ 

¶ 5ƻŜǎ ǘƘŜ ǘȅǇŜ ƻŦ ōƛƻƳŀǎǎ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ǳǝƭƛǎŀǝƻƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǇŀǊǝŎǳƭŀǘŜ ƳŀǧŜǊ Ǉƻƭƭǳǝƻƴ ǘƻ ŀ ǊŜƭŜǾŀƴǘ 

ŜȄǘŜƴǘΚ 

ȅŜǎ όм ǎŎƻǊŜύ ς ǇŀǊǘƭȅ ƻǊ ƛƴŘƛǊŜŎǘƭȅ όлΦр ǎŎƻǊŜύ ς ƴƻ όл ǎŎƻǊŜύ 

¶ !ǊŜ ƴƻǾŜƭ ǎǳōǎǘŀƴŎŜǎ ǳǎŜŘ ƻǊ ǇǊƻŘǳŎŜŘ ƻǳǘǎƛŘŜ ǇǊƻǘŜŎǘŜŘ ǇǊƻŘǳŎǝƻƴ ŜƴǾƛǊƻƴƳŜƴǘǎΚ όŜΦƎΦ ŀŘŘƛǝǾŜǎ ƛƴ 

ǇƻƭȅƳŜǊǎΣ ŜƴŘƻŎǊƛƴŜ ŘƛǎǊǳǇǘƻǊǎΣ ǇŜǎǝŎƛŘŜ ǊŜǎƛŘǳŜǎύ 

ȅŜǎ όм ǎŎƻǊŜύ ς ǇŀǊǘƭȅ ƻǊ ƛƴŘƛǊŜŎǘƭȅ όлΦр ǎŎƻǊŜύ ς ƴƻ όл ǎŎƻǊŜύ 

¶ !ǊŜ ǘƘŜǊŜ ƻǘƘŜǊ ǇŀǊǝŎǳƭŀǊƭȅ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ƘŀǊƳŦǳƭ ŜũŜŎǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ōƛƻƳŀǎǎ ǇǊƻŘǳŎǝƻƴ ŎƘŀƛƴ ƛƴ 

ǉǳŜǎǝƻƴΚ όŜΦƎΦ ǿŀǘŜǊ Ǉƻƭƭǳǝƻƴ ŘǳŜ ǘƻ ǿŀǎǘŜǿŀǘŜǊ ŦǊƻƳ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎƛƴƎύ 

ȅŜǎ όм ǎŎƻǊŜύ ς ǇŀǊǘƭȅ ƻǊ ƛƴŘƛǊŜŎǘƭȅ όлΦр ǎŎƻǊŜύ ς ƴƻ όл ǎŎƻǊŜύ 

¦Ǉ ǘƻ о ǎŎƻǊŜǎ Ŏŀƴ ōŜ ŘƛǎǘǊƛōǳǘŜŘ ŀǘ ƳŀȄƛƳǳƳΤ ƛƴ ǘƘŜ ōŜǎǘ ŎŀǎŜ ǘƘŜǊŜ ŀǊŜ ƴƻ ƴŜƎŀǝǾŜ ǎǳōǎǘŀƴǝŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 

ŜũŜŎǘǎ ōȅ ǘƘŜ ǳǝƭƛǎŀǝƻƴ ǇŀǘƘǿŀȅΣ ǊŜǎǳƭǝƴƎ ƛƴ ȊŜǊƻ ǎŎƻǊŜύΦ 

 

  

ςςςςςςςςςςςςςςςς 
13 The planetary boundary system defines a άsafe operating spaceέ and the άzone of riskέ which may de-
velop to a άhigh risk zoneέ; some of the nine categories are assessed in the intermediate between safe zone 
and risk zone, ǿƘƛŎƘ ƛǎ ƭŀōŜƭƭŜŘ ŀǎ άuncertainty rangeέ. 
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3.3.4 Socio-economic sustainability 

Like the previous criterion, this encompasses a broad framework. Similarly, various indica-
tors are summarised here that describe the socio-economic aspects of alternative biomass 
use. As outlined in Table 3 this study has identified three appropriate sub criteria, addressing 

the major themes from the strategies relating to the goals of the bioeconomy.: 

¶ Is a substitution with renewable alternatives possible ς technically, economically, over 

time? 

¶ Does the biomass use option require the development of its own new infrastructures? 

¶ Does the biomass use option serve flexibly for cross-sector benefits without lock-in-ef-
fects for fossil infrastructure? 

The possible substitution of a reference product with bio-based products plays a decisive 
role in the GHG balance. However, it also raises another question: to which extent is the 
biomass product to be classified as "without alternative" for de-fossilisation. These consid-
erations also play a role in European legislation (RED III, ReFuelEU Aviation and FuelEU Mar-
itime), where advanced biofuels or electricity-based fuels in the aviation sector (SAF)14 are 
prioritised through quota obligations.15 The reason being that, unlike ground-based 
transport, fuel-based propulsion is more difficult to replace with battery-electric alterna-
tives for long hauls.  

Further reference can be made to the recommendations for action to implement the Na-
tional Bioeconomy Strategy (BMBF, 2020) of the German Bioeconomy Council 
(Bioökonomierat, 2023), where it was concluded that: 

¶ The concept of circularity is a central building block for reducing the land intensity of the 
bioeconomy. 

¶ Efficiency increases as well as changes in user behaviour within bioeconomic fields of 
action, including sufficiency, can reduce the pressure to use biogenic raw materials. 

Two further sub criteria relate to infrastructure, and the question: how is the biomass use 
option dependent on infrastructure? This brings up questions such as the price and effort 
required to mobilise the respective biomass, the amount of new infrastructure needed and 
whether investments that depend on long-term use can be made reliably. Infrastructure 
includes not only the facilities for the conversion of biomass but also for extraction, 
transport, storage and pre-treatment. 

Furthermore, it must be taken into consideration, whether the type of biomass utilisation 
leads to the maintenance of existing fossil infrastructure or makes it necessary and justifies 
its maintenance. Such lock-in effects can ultimately be key obstacles to the transformation 
to a climate-neutral economy. 

  

ςςςςςςςςςςςςςςςς 
14 SAF: Sustainable Aviation Fuel  
15 The FuelEU maritime (Regulation (EU) 2023/1805) relies on GHG reduction quotas and equates GHG 
emissions for biofuels from food and feed crops with those from fossil fuels; on other words, it excludes 
these biofuels (article 10, paragraph 1a).  
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32023R1805 
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Box 5: Proposal of a criterion for socio-economic sustainability 

 
¢ǿƻ ŀǎǇŜŎǘǎ ς ǎǳōŘƛǾƛŘŜŘ ƛƴ ǘǿƻ Ŝǉǳŀǝƻƴǎ ŜŀŎƘ ς ŀǊŜ ŀǎǎŜǎǎŜŘ όǉǳŀƭƛǘŀǝǾŜƭȅύΥ 

¶ {ǳōǎǝǘǳǝƻƴ ǊŜƭŜǾŀƴŎŜΥ  

o ²ƘŜǘƘŜǊ ǘƘŜǊŜ ŀǊŜ ǊŜƴŜǿŀōƭŜ ŀƭǘŜǊƴŀǝǾŜǎ όǎǳŎƘ ŀǎ ƎǊŜŜƴ ŜƭŜŎǘǊƛŎƛǘȅ ŀǇŀǊǘ ŦǊƻƳ ōƛƻŜƴŜǊƎȅ ƻǊ ǊŜƴŜǿŀōƭŜ ƴƻƴπ

ōƛƻƎŜƴƛŎ ƳŀǘŜǊƛŀƭ ǊŜǎƻǳǊŎŜǎύ ƻƴ ŀ ǘŜŎƘƴƻƭƻƎƛŎŀƭƭȅ ŦŜŀǎƛōƭŜ ǎŎŀƭŜ ŦƻǊ ǘƘŜ ǘȅǇŜ ƻŦ ōƛƻƳŀǎǎ ǳǝƭƛǎŀǝƻƴ ǳƴŘŜǊ 

ŎƻƴǎƛŘŜǊŀǝƻƴΦ 

ȅŜǎ όл ǎŎƻǊŜύ ς ǇŀǊǘƭȅ ƻǊ ƛƴŘƛǊŜŎǘƭȅ όπлΦр ǎŎƻǊŜύ ς ƴƻ όπм ǎŎƻǊŜύ 

o ǿƘŜǘƘŜǊ ǘƘŜǊŜ ŀǊŜ ǊŜƴŜǿŀōƭŜ ŀƭǘŜǊƴŀǝǾŜǎ ƻƴ ŀƴ ŜŎƻƴƻƳƛŎŀƭƭȅ ŦŜŀǎƛōƭŜ ǎŎŀƭŜ ŦƻǊ ǘƘŜ ǘȅǇŜ ƻŦ ōƛƻƳŀǎǎ ǳǝƭƛǎŀǝƻƴ 

ǳƴŘŜǊ ŎƻƴǎƛŘŜǊŀǝƻƴΦ 

ȅŜǎ όл ǎŎƻǊŜύ ς ǇŀǊǘƭȅ ƻǊ ƛƴŘƛǊŜŎǘƭȅ όπлΦр ǎŎƻǊŜύ ς ƴƻ όπм ǎŎƻǊŜύ 

¶ LƴŦǊŀǎǘǊǳŎǘǳǊŜ ŎƻƴǘŜȄǘ 

o ²ƘŜǘƘŜǊ ƴŜǿ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛǎ ƴŜŜŘŜŘ ŀƴŘ ǿƘŜǘƘŜǊ ƛƴǾŜǎǘƳŜƴǘǎ ǘƘŀǘ ŘŜǇŜƴŘ ƻƴ ƭƻƴƎπǘŜǊƳ ǳǎŜ Ŏŀƴ ōŜ ƳŀŘŜ 

ǊŜƭƛŀōƭȅΦ 

ȅŜǎ όм ǎŎƻǊŜύ ς ǇŀǊǘƭȅ ƻǊ ƛƴŘƛǊŜŎǘƭȅ όлΦр ǎŎƻǊŜύ ς ƴƻ όл ǎŎƻǊŜύ 

o ²ƘŜǘƘŜǊ ǘƘŜ ǘȅǇŜ ƻŦ ōƛƻƳŀǎǎ ǳǝƭƛǎŀǝƻƴ ǊŜǉǳƛǊŜǎ ǘƘŜ ƳŀƛƴǘŜƴŀƴŎŜ ƻŦ ŜȄƛǎǝƴƎ Ŧƻǎǎƛƭ ŦǳŜƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ όƭƻŎƪπƛƴ 

ŜũŜŎǘύΚ 

ȅŜǎ όм ǎŎƻǊŜύ ς ǇŀǊǘƭȅ ƻǊ ƛƴŘƛǊŜŎǘƭȅ όлΦр ǎŎƻǊŜύ ς ƴƻ όл ǎŎƻǊŜύ 

Up to -н ǎŎƻǊŜǎ Ŏŀƴ ōŜ ŘƛǎǘǊƛōǳǘŜŘ ŀǘ ƳŀȄƛƳǳƳ όōŜǎǘ ǊŜǎǳƭǘύΣ ŀŎƘƛŜǾŀōƭŜ ǿƘŜƴ ŀƭƭ ǉǳŜǎǘƛƻƴǎ ŀǊŜ ŀƴǎǿŜǊŜŘ ǿƛǘƘ άƴƻέΣ 

while +2 scoǊŜǎ ŀǊŜ ŀŎƘƛŜǾŜŘ όǿƻǊǎǘ ǊŜǎǳƭǘύΣ ǿƘŜƴ ǉǳŜǎǘƛƻƴǎ ŀǊŜ ŀƴǎǿŜǊŜŘ ǿƛǘƘ άȅŜǎέΦ 

 

3.4 Temporal dimension considered by the criteria 

The results of the criteria vary depending on the time frame for which they are determined. 
This is true in various respects. Firstly, the effort required to convert biomass into a product 
may be costlier and less resource-efficient now than in the future. And it might be less GHG 
intensive as well as overall less harmful to the environment in the future (due to enhanced 
emission standards). Investing in advanced technologies is also likely to be more cost-effi-
cient in the future, given, investments are made in systems at an early stage.  

Secondly, the substitution potential also changes over time. With decarbonisation, biobased 
products and bioenergy will no longer replace fossil-fuelled systems but will rather compete 
with systems based on other renewable sources such as green hydrogen and CO2 from the 
air, or in the case of e.g. steel or cement with the expected GHG emissions of these products 
in the future. Applying the criteria over time not only sheds light on the dynamic change in 
the resource economy and how valuation adapts or changes accordingly but also enables an 
assessment to be made of decisions on action and investment that may make sense today 
and in the future. 

Table 4 summarises the premises with which the individual criteria are defined along the 
time axis from 2020 to 2050. For each criterion, the extent to which it applies to the refer-
ence year in question is considered. Depending on the criterion, a distinction must also be 
made as to which specific product is involved. Energy products must be assessed differently 
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than material products as far as the timeline is concerned. It may also be necessary to dif-
ferentiate further within the product groups (e.g. in the case of heat between space heat 

and process heat).16  

The figures in Table 4 are expressed in percent. These are to be applied differently or spe-
cifically for the various criteria. The following applies to resource efficiency: the raw mate-
rial requirement taken from current data is reduced across the board for all products by the 
specified percentage value. The reason is: process efficiency generally increases over time. 
The same applies to the climate protection criterion regarding process emissions. Field 
emissions (N2O) from cultivated biomass are reduced to a lesser extent. The percentage val-
ues for substitution, which indicate the proportion of fossil and renewable non-biogenic al-
ternatives, are to be understood differently. For example, 100% fossil fuels and 0% e-fuel 
are entered for 2020, which means that the 100:0 ratio of these two alternative products 
will be counted as a credit for this year. By 2050, the ratio will be reversed when fossil fuels 
are no longer used and are therefore not substituted. The transition curve for this is slower 
for material products (chemicals, fibre, timber), as there are more technical challenges here 
and the costs of non-fossil alternatives are higher compared to energy use, but the incen-
tives are lower. 

The criteria for health and environment indicate reduction factors compared to the 
2020/25 baseline. For fine particulates, for example, it is assumed that emissions in the in-
dustrial processing sector can be reduced to virtually zero through technical measures. 
Where solid biomass is used directly for energy, this will not happen completely, although a 
finer granularity is also required here. Emissions will remain primarily in the decentralised 
domestic heating sector, while quasi-zero emissions can also be expected for industrial heat. 
For calculation purposes, a score of e.g. 1 in 2020/25 and a percentage value of a 10% re-

duction in emissions is counted as 0.9. 

For the socio-economic criteria, the percentage values are already applied in 2020/25 and 
basically already reflect the score result here, as a -1 (technical and economic substitution 
relevance) or +1 (infrastructure, lock-in) must be used as the basic value throughout. For 
electricity, for example, the 20% in the aspect of technical substitution relevance in 2020/25 
means a score of -0.2, while for new infrastructure the 50% counts for a score of +0.5. Thus, 
the utilisation-related scores are already provided here directly with the time scale. They 
are therefore explained in more detail below, based on the following considerations: 

¶ Availability of renewable alternatives:  

 For electricity, these are already given per today, not fully (Ą 20%), since grids need 
to be enhanced and electricity storages implemented. By the year 2035, it is antici-
pated that all technical barriers will have been eliminated. It is evident that economic 
availability is lagging slightly behind, given that full renewability (excluding bioenergy) 
is approximately 20% more expensive. 

 For heat, alternatives are partly given per today (Ą 50%), not at an advanced rate as 
for electricity, but in 2040, heat pumps and ambient energy from air, ground and 
groundwater will cover at least building heat; on the other hand, industry heat (high 
temperature) must be approached with greater caution in this instance. 

 Fuel alternatives as for road transport are also widely given per today and will fully 
cover road energy demand in the mid-term; on the other side, the aviation and 

ςςςςςςςςςςςςςςςς 
16 Space heat includes heat in commercial buildings offices, while process heat is required by industrial 
processes and usually requires higher temperatures. 
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maritime sector need to be considered separately. The figures in Table 4 give a blend 
of both. 

 Feedstock for organic chemicals is reliant on carbon, thus the alternatives here are 
rated with higher ambitions than those for energy, more comparable to aviation fuels. 

 The same is true for fibres and timber products, although even higher requirements 
apply here. In the context of pulp and paper, the emergence of digital media, coupled 
with restrictions on packaging and the promotion of recycling, is anticipated to result 
in a decline in demand for wood-based fibre products. However, increasing demands 
for packaging material can be observed and will be likely to grow even further due to 
the continued rise of e-commerce (Material Economics, 2021). For textiles, only CO2-
based solutions will be relevant as alternatives to conventional products (see also 
chemicals). 

 Timber application in the construction and furniture sector will be the hardest to be 
replaced. Construction material based on climate neutral steel or concrete are as-
sumed to be more expensive than simple timber (even if produced from broadleaf 
wood). For furniture, also climate neutral metals or CO2-based synthetic materials will 
be needed. 

¶ New infrastructure needed and potential lock-in effects: 

 Mostly, infrastructure for electricity from solid biomass is established and will need 
less additional infrastructure in future. The opposite applies to the lock-in effect for 
biomethane, where fossil infrastructure (natural gas grid) must be maintained to sup-
ply the gas power plants. The same applies to heat, whereby different types of heat 
are to be differentiated, such as high-temperature process heat for industry, district 

heating or space heating in households.  

 The situation is similar for fuels, where both aspects are more noticeable: on the one 
hand, advanced biofuels require extensive new infrastructure unless they are (able to 
be) integrated into existing refinery structures through co-processing (lock-in). In ad-
dition, the continued existence of fuel with the combustion engine slows down the 
transition to e-mobility. 

 The same is true for chemicals: on the one hand, these could be easily integrated into 
the existing infrastructure through co-processing. On the other hand, to avoid lock-in 
effects, extensive new infrastructure is needed. 

 Biomass use in fibre production is well established, some new ways of textile produc-
tion are emerging with low presence on the market but are technically well developed. 
Therefore, no new infrastructure is needed. As the existing infrastructure is not a fossil-
fuel-based one, hardly any lock-in effects are to be assumed here. 

 The same is true for timber, although it should be noted that in the construction in-
dustry, the use of hardwood instead of the established softwoods requires a certain 
amount of new processing technology and thus infrastructure. However, this applies 
only to a limited extent.  

Reading aid for Table 4: The reference is always to the 2020/25 score; if a percentage reduction in the initial 

score is specified for a subsequent year, the initial score must be reduced accordingly:   

Example: resource efficiency in 2040, the reduction is 30% according to Table 30%, so a baseline score of 1.0 

in 2020/25 will only count as 0.7 in 2040 (1.0 x (100% - 30%)). 

The GHG emission figure, on the other hand, expresses the change compared to the baseline value: Example: 

40% for emissions from processing in 2040 means a reduction to 0.4  for a score of 1.0 in 2020/25 (1.0 x 40%). 
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Table 4: Premises and specifications for the application of the individual criteria along the time axis from 2020 to 2050; the 

percentages indicate the value for the respective year compared to the base year 2020/2025. 

Criterion Effect Product 2020 - 2025 2030 2035 2040 2045 2050 

Resource efficiency         

 Reduction surplus 

biomass demand 

Products with 

process losses 

0% a) 10% b) 20% b) 30% b) 40% b) 50% 

Climate protection        

GHG emission  

biomass produc-

tion and use 

GHG emission  

from processing 

All products 100% a) 80% b) 60% b) 40% b) 20% b) 10% 

Field emission Agricult. products 100% a) 90% b) 80% b) 70% b) 60% b) 50% 

Substituted  

product 

Fuel substitution Fossil energy 

e-fuel 

100%  

0% 

90%  

10% 

80%  

20% 

50% 

50% 

20%  

20% 

0%  

100% 

Chem. feedstock  

substitution 

Fossil 

CO2-based 

100%  

0% 

90%  

10% 

80%  

20% 

50% 

50% 

20%  

20% 

0%  

100% 

Fibre material 

substitution 

Fossil 

CO2-based 

100%  

0% 

100%  

0% 

90% 

10% 

70%  

30% 

30%  

70% 

0%  

100% 

Timber 

substitution 

Fossil/mineral 

H2- CCS based 

100%  

0% 

100%  

0% 

90% 

10% 

70%  

30% 

30%  

70% 

0%  

100% 

Health and environment        

Fine particulates Emission  

Reduction 

Processing: 

Energy use: 

0% a) 10% 

10% b) 

30% 

20% b) 

50% 

30% b) 

80% 

40% b) 

100% 

50% 

Novel  

substances 

Reduction of  

hazard 

 0% a) 10% b) 20% b) 30% b) 40% b) 50% 

Other General red.  0% a) 10% b) 20% b) 30% b) 40% b) 50% 

Socio-economic criteria        

Renewable alter-

natives techni-

cally not available 

 Electricity 20% 10% 0% 0% 0% 0% 

 Heat c) 50% 30% 10% 0% 0% 0% 

 Fuel d) 50% 40% 20% 10% 0% 0% 

 Chemicals 95% 90% 60% 40% 20% 0% 

 Fibre e) 100% 90% 80% 50% 20% 0% 

 Timber 100% 90% 80% 50% 20% 0% 

Renewable alter-

natives economi-

cally not available 

 Electricity 20% 10% 0% 0% 0% 0% 

 Heat c) 70% 50% 20% 10% 0% 0% 

 Fuel d) 50% 40% 20% 10% 0% 0% 

 Chemicals 100% 90% 80% 70% 60% 50% 

 Fibre e) 100% 90% 80% 70% 60% 50% 

 Timber 100% 95% 90% 80% 70% 50% 
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Criterion Effect Product 2020 - 2025 2030 2035 2040 2045 2050 

New infrastruc-

ture needed 

 Electricity 50% 40% 20% 0% 0% 0% 

 Heat c) 50%-70% 40%-50% 20% 0% 0% 0% 

 Fuel 100% 80% 50% 20% 10% 0% 

 Chemicals 100% 80% 50% 20% 10% 0% 

 Fibre e) 0% 0% 0% 0% 0% 0% 

 Timber 20% 20% 10% 0% 0% 0% 

Fossil lock-in  Electricity 50% 40% 20% 0% 0% 0% 

 Heat c) 50% 40% 20% 0% 0% 0% 

 Fuel d) 100% 80% 50% 20% 10% 0% 

 Chemicals 100 80% 50% 20% 10% 0% 

 Fibre e) 0% 0% 0% 0% 0% 0% 

 Timber 0% 0% 0% 0% 0% 0% 

a) According to current data from literature 

b) Linear regression from 2025 until 2050 assumed 

c) A higher differentiation is required with regard to house heating, district heating and industrial 

process heat 

d) A higher differentiation is required with regard to road, shipping and aviation 

e) A higher differentiation is required with regard to pulp/paper, textile, and particle boards. 

3.5 Additional criteria for assessing biomass types  
(level 1) 

As explained in Chapter 3 (see Table 3), there are further highly relevant criterion for the 
assessment of sustainable biomass production and use. These criteria relate to food and 
nutrition security, the protection of biodiversity and ecosystem services, and sustainable 
land use. These criteria are not suitable for valuing biomass utilisation (level 2), but neces-
sary for evaluating the type of biomass or biomass origin (level 1). A sustainable biomass 
potential must consider sufficient and healthy nutrition and the objectives of biodiversity 
and sustainable land use. Given the context, the scenario by Agora Agriculture (2024) con-
siders:  

¶ Restrictions concerning a diet shift (assuming 80% of the EU27 population follow the plan-
etary health diet (see Box 5 in section 6.1.3) 

¶ Land use and biodiversity protection by: 

 reducing the removal of wood from forests, 

 preserving grassland, and  

 growing only permanent crops (SRC) on the agricultural land remaining after the im-
plementation of the food targets. 

Once a certain area of agricultural land has been identified as available for the production 
of non-food biomass by narrowing down the sustainable potential for supply, the question 
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remains: what kind of biomass should be produced on it? As mentioned above, the scenario 
by Agora Agriculture (2024) has already answered this question by preferring wood from 
SRC. It is part of the task of this study to substantiate, differentiate or, if necessary, alter this 
decision on the basis of professionally defined criteria.  

Thus, additional criteria at level 1 are proposed for Protection of biodiversity & ecosystem 
services, and Sustainable land use as defined in Table 5. 

Table 5: Additional criteria at level 1 attributing scores for different types of land-use and crops considering impacts 

Criterion Aspects Types of land-use and crops Score 

Protection of 
biodiversity & 
ecosystem ser-
vices 

Impacts of cultiva-
tion (agriculture) 

¶ No crop and no agricultural residue  
Agricultural residue 

¶ Perennial crop, low input of fertilizer/pesticides  

¶ Annual crop, low monoculture* risk 

¶ Standard annual crop,  

¶ Perennial crop, high monoculture* risk  

¶ Annual crop, high monoculture* risk 

0  
 

1  
2  

3  

4  

5  

Sustainable 
land use 

Risk of (indirect) 
land-use change 

¶ Crop classified as low-ILUC-risk** 

¶ Crop classified as high-ILUC-risk** 

0  

2.5  

¶ * The term "monoculture" is used in accordance with the FAO definition: growing only one crop on the land in a given crop sea-

son; https://www.fao.org/faoterm/en/; 

¶ High monoculture risk refers to crops that cover large proportions of the cultivated area in the wider regional context or are of-

ten grown in short or no crop rotations, such as maize, wheat or rapeseed.  

¶ Low monoculture risk applies to crops that cover a smaller proportion and are therefore less likely to occur in large, widespread 

cultures, such as barley or woody plants or grasses in the agricultural landscape.  

¶ ** low -iLUC-risk follows the definition according to the RED III article 2 (37).  

*** high -iLUC risk as defined according to Commission Delegated Regulation (EU) 2019/807 

Source: ifeu 

The scores given in Table 5 are higher as the intensity of land use increases. Only no relation 
to land use results in a score of 0. Score 1 is assigned to biomass that is obtained from land 
use but counts as residue (straw, catch crops). Its extraction is not entirely free of impact on 
the ecology of the cultivated area. Crops receive between 2 (Perennial crop, low input of 
fertilizer/pesticides) and 5 scores (Annual crop, high monoculture risk). Thus, the scaling of 
the scores takes into account that, on the one hand, there is a factor greater than 2 between 
annual crops (e.g. rapeseed or cereals) and perennial crops (e.g. agricultural wood) and, on 
the other hand, the ecological effects (fertilisers, pesticides, cleared habitats) diverge con-
siderably. The range up to 5 also considers that the maximum range at level 2 can be up to 
15 scores. A quarter contribution to merging the two levels therefore seems more than ap-
propriate. 

In principle, the assessment of individual competing types of biomasses in terms of sustain-
ability is a very complex exercise. However, we are dealing with individual special cases, so 
that a comprehensive system does not appear appropriate here. Thus, the focus is on a small 
number of key indicators. Several other criteria would be conceivable, such as land 

https://www.fao.org/faoterm/en/
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ŜŦŦƛŎƛŜƴŎȅ όΨŀǊŜŀ ǊŜǉǳƛǊŜŘ ǇŜǊ ǇǊƻŘǳŎǘ ǳƴƛǘΩύ ƻǊ ŦŜǊǘƛƭƛǎŜǊ ǳǎŜΦ CƻǊ ǊŜŀǎƻƴǎ ƻŦ ǎƛƳǇƭƛŦƛŎŀǘƛƻƴΣ 
such additional indicators are not included in this assessment. Furthermore, the approach 
here is limited to agricultural biomass for two reasons: firstly, the question of forest or agri-
cultural land is not under discussion here. Land use-change is considered as a specific risk 
aspect of agricultural crops. And the change from annual arable farming to SRC means a 

change within the existing agricultural area. 

3.6 Additional criteria for assessing digestible wastes 
and residues 

When the demand for substrates for digestion and biogas production exceeds the available 
technical potential, a hierarchy of use is required. As some biogas sources are associated 
with further benefits for the economy even with higher investment costs, economic aspects 
are essentially taken into account. The following criteria are therefore defined for this pur-
pose: 

¶ Technical hierarchy: Is collection and digestion considered as the preferred treatment for 
the respective waste or residue from a technical point of view? 

¶ Economic constraints: Are there specific factors that make the fermentation of the cor-
responding feedstock expensive? If so, are there factors that make this type of treatment 
economically necessary for other social reasons (secondary benefits)? 

¶ Alternative uses: Even if digestion is considered as a technically suitable treatment for 
the respective feedstock, are there other treatment options to value the respective waste 
or residue? 

Residues and waste types to be evaluated are divided into two priority levels ( and ) 
for each of the three criteria. The distribution of the levels results in the following ranking 
for the preferred use of the residue or waste for biogas production:  

1. Hierarchy: 3 x  

2. Hierarchy: 2 x   

3. Hierarchy: 1 x  or only  
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3.7 Approach for the allocation of biomass volumes 
along the merit order 

To complete the allocation procedure, the quantities available from the biomass types are 
to be assigned along the merit order of ladders. This is initially done by simply allocating the 
type of biomass to the type of use for which it receives the best ranking. If, after covering 
the demand for this use, a residual amount of this type of biomass remains, this residual 
amount is allocated to the next best-ranked use. If the volume of the preferred biomass is 
not sufficient to cover the demand for a particular use, this demand is covered by the bio-
masses lower down in the ladder ς provided that these biomass types are not better suited 
for another use, according to the merit order.  

At this point, it should be emphasised once again that the ranking criteria and consequently 
the merit order provide guidance and we do not claim to cover all arguments for or against 
a particular use of biomass. The extensive field of biomass is far too diverse and complex for 
that.  

When allocating according to the simple merit order principle, it is therefore always checked 
if the highly ranked combination of biomass type and use has special attributes that would 
make it preferable to use another, lower-ranked biomass. Aspects of special technical suit-
ability can be used as decisive arguments when allocating uses. This prevents more suitable 
raw materials from being allocated in an unsuitable way simply because the merit order is 
strictly followed. Case by case, further arguments maybe required for individual allocation. 

The allocation according to this procedure is carried out in section 6.2. 

3.8 Definition and granularity of the biomass types and 
uses 

The previous section already shows a need for more precise specification of biomasses (per-
ennial, crop, annual, high ILUC risk, etc.). In fact, a look at the specific situations is crucial for 
such assessments. On the other hand, the framework must remain manageable, also to en-

able transparency. The following points must be explicitly clarified in advance: 

мΦ ²Ƙŀǘ ǘȅǇŜǎ ƻŦ ōƛƻƳŀǎǎ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ŀƴŀƭȅǎƛǎ ŀƴŘ Ƙƻǿ ŀǊŜ ǘƘŜȅ ŘŜŬƴŜŘ 

ŎƻƴŎŜǇǘǳŀƭƭȅΚ ¢ƘŜ ǘŜǊƳǎ ǳǎŜŘ ƛƴ ǇǊŀŎǝŎŜ ŀǊŜ ōȅ ƴƻ ƳŜŀƴǎ ǳƴƛŦƻǊƳΤ ƛƴ ƻǊŘŜǊ ǘƻ ŀǾƻƛŘ 

ƳƛǎǳƴŘŜǊǎǘŀƴŘƛƴƎǎΣ ŎƭŜŀǊ ǘŜǊƳǎ ŀƴŘ ŘŜŬƴƛǝƻƴǎ Ƴǳǎǘ ōŜ ǳǎŜŘ ƘŜǊŜΦ 

нΦ !ǘ ǿƘŀǘ ƭŜǾŜƭ ƻŦ ƎǊŀƴǳƭŀǊƛǘȅ ŀǊŜ ǘƘŜ ōƛƻƳŀǎǎ ǘȅǇŜǎ ǳƴŘŜǊ ŎƻƴǎƛŘŜǊŀǝƻƴ ŜǾŀƭǳŀǘŜŘΚ ¢ƻƻ 

ƘƛƎƘ ƎǊŀƴǳƭŀǊƛǘȅ Ŏŀƴ Ŝŀǎƛƭȅ ƭŜŀŘ ǘƻ ŀ ŦŀƭǎŜ ǎŜƴǎŜ ƻŦ ŀŎŎǳǊŀŎȅΦ Lǘ ƛǎ ǘƘŜǊŜŦƻǊŜ ƛƳǇƻǊǘŀƴǘ ǘƻ 

ŘŜŬƴŜ ǘƘŜ ǊƛƎƘǘ ƭŜǾŜƭ ŀƴŘ ǘƻ ƧǳǎǝŦȅ ƛǘΦ 

Table 6 presents the main categories and the more differentiated types of biomass included 
under them, as used in this study. Subsequently, Table 7 provides a derivation of the rea-
sonable granularity of biomass types for this task of the study, while Table 8 contains a pro-
posal for the granularity of biomass use. Both tables show possible levels of granularity and 
summarises the reasons for choosing this study.  
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Box 6: Definition of the basic unit TWh for all quantitative entries in this study regarding biomass 

 
!ƭƭ ǉǳŀƴǝǝŜǎ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ŀǊŜ ƎƛǾŜƴ ƛƴ ¢ŜǊŀǿŀǧ ƘƻǳǊǎ ό¢²ƘύΦ !ƭǘƘƻǳƎƘ ǘƘƛǎ ƛǎ ŀƴ ŜƴŜǊƎȅ ǳƴƛǘΣ ƛǘ ƛǎ ŀƭǎƻ ǳǎŜŘ ƛƴ ǘƘƛǎ 

ŀƴŀƭȅǎƛǎ ŦƻǊ ōƛƻƳŀǎǎ ǳǎŜŘ ŀǎ ŀ ƳŀǘŜǊƛŀƭΦ ¢ƘŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ǘƘƛǎ ŜƴŜǊƎȅ ǳƴƛǘ ƛǎ ǘƘŀǘ ƛǘ ǘŀƪŜǎ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ŎƻƳǇƻǎƛǝƻƴ 

ƻŦ ǘƘŜ ōƛƻƳŀǎǎΦ ! ƘƛƎƘŜǊ ŎŀǊōƻƴ ŎƻƴǘŜƴǘ όǿƘƛŎƘ ƛǎ ŀ ƪŜȅ ƛƴŘƛŎŀǘƻǊ ŦƻǊ ōƛƻƳŀǎǎύ ŀƭǎƻ ƳŜŀƴǎ ŀ ƘƛƎƘŜǊ ŎŀƭƻǊƛŬŎ ǾŀƭǳŜ 

όƘƛƎƘŜǊ ŜƴŜǊƎȅ ŎƻƴǘŜƴǘύΦ ¢ƘŜ ǊŜŦŜǊŜƴŎŜ ǳǎŜŘ ƛǎ ǘƘŜ ƭƻǿŜǊ ƘŜŀǝƴƎ ǾŀƭǳŜΣ ŀǎ ŀƭǎƻ ǊŜŦŜǊǊŜŘ ǘƻ ƛƴ ǘƘŜ w95Φ ¦ƴƭƛƪŜ ƛƴ ǘƘŜ 

w95Σ ǳƴƭŜǎǎ ƻǘƘŜǊǿƛǎŜ ǎǇŜŎƛŬŜŘΣ ǘƘŜ ŬƎǳǊŜǎ ǳǎŜŘ ƛƴ ǘƘŜ ǎǘǳŘȅ ǊŜŦŜǊ ǘƻ ǘƘŜ Ǌŀǿ ƳŀǘŜǊƛŀƭ ōƛƻƳŀǎǎ όŘǊȅ ƳŀǧŜǊύ ŀƴŘ ƴƻǘ 

ǘƻ ǇǊƻŎŜǎǎŜŘ ŜƴŘ ǇǊƻŘǳŎǘǎΦ 

 

 

Table 6: Definitions of biomass types used in this study; terms and categories relating to wood are derived either from the 

type and properties of the wood or from the type of use (or usability); both approaches may overlap 

aŀƛƴ ŎŀǘŜƎƻǊȅ ƻŦ 

ōƛƻƳŀǎǎ ǘȅǇŜ 

   DǊŀƴǳƭŀǊƛǘȅ ŀǎ ŀǇǇƭƛŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ 

CƻǊŜǎǘ ōƛƻƳŀǎǎ ¶ Roundwood is represented by the Timber/logs and Industry wood, also including wood 
from salvage loggings; 
sawable roundwood is often termed as stemwood, while wood from salvage logging is 
also classified as residues (see below). 

¶ (Co-)products from processing logs in sawmills is represented by Sawn wood and Sawmill 
by-products, ǿƻƻŘ ǎƘŀǾƛƴƎǎ 

¶ Forest residues are considered as a generic category without any further differentiation, 
just referring to size (other usual item: small wood); In other definition schemes, salvage 
logging is also classified as residues, but this contradicts the fact that this wood is often 
stemwood, which is suitable for industrial wood, for the usual purposes of fibre, and in 
some cases even for sawmills.  
Forest residues are majorly used in combination with Industry wood. 

tǊƛƳŀǊȅ 

ŀƎǊƛŎǳƭǘǳǊŀƭ 

ōƛƻƳŀǎǎΥ 

¶ For starch- and oil-plants, specific species were selected for the analysis: wheat (starch), 
rapeseed and palm oil (both oil-plants). 

¶ Green plants, grasses and short rotation coppice are covered as generic categories. 

!ƎǊƛŎǳƭǘǳǊŀƭ 

ǊŜǎƛŘǳŜǎ 
¶ IŀǊǾŜǎǘ ǊŜǎƛŘǳŜǎ ŀǊŜ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ŀ ǇǊƻŘǳŎǘ ǘȅǇŜΥ ά/ŜǊŜŀƭ ǎǘǊŀǿέΦ 

¶ Manure and Landscape material are not further distinguished and are considered as generic 
categories each. 

¶ Catch crops ς technically primary biomass, but classified as agricultural residues under the 
definitions of RED II and III. 

hǘƘŜǊ ǿŀǎǘŜ ƻǊ 

ǊŜǎƛŘǳŜǎ 
¶ Process waste from industry is subdivided into Animal fat, Brown grease and Overdue food 

(all Food industry), Black liquor (Paper industry), and Sewage sludge (wastewater treat-
ment). 

¶ Commercial waste is represented by used cooking oil (UCO) and waste wood. 

¶ Municipal waste covers mixed household waste, biowaste (sorted fractions from house-
holds) as well as landscape material from municipalities). 

Note: This study focus is on biomass use and supply for energy and materials in Europe. Imports of wood 

are assumed stable over the period.  
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Table 7: Granularity of biomass types ς possible levels and founded decision on how to handle granularity for this task. 

Note: Blue bold indicates the proposed level of granularity of biomass types selected and defined for the Allocation Guide, or ladders; Light blue indicates the proposed level of granularity 

for the assessment and the allocation of use in this study; Grey bold indicates term of relevance, but not applied as category for the Allocation Guide, or ladders.  

.ƛƻƳŀǎǎ ǘȅǇŜ tǊƻŘǳŎǘ ǘȅǇŜ {ǇŜŎƛŜǎ  5ŜŬƴƛǝƻƴ Iƻǿ ǘƻ ƘŀƴŘƭŜ ŦƻǊ ǘƘƛǎ ǘŀǎƪ 

CƻǊŜǎǘ ōƛƻƳŀǎǎ 

wƻǳƴŘǿƻƻŘ  ¢ƛƳōŜǊκƭƻƎǎ  /ƻƴƛŦŜǊǎΥ 

{ǇǊǳŎŜΣ ǇƛƴŜ ŜǘŎΦ 

ό.ǊƻŀŘƭŜŀŦ ǘǊŜŜǎΥ 

.ŜŜŎƘΣ ƻŀƪΣ ŜǘŎΦύ 

wƻǳƴŘǿƻƻŘ ƛǎ ǘƘŜ ǘŜǊƳ 

ǳǎŜŘ ǘƻ ŘŜǎŎǊƛōŜ ŀƭƭ ǘƘŜ 

ǿƻƻŘ ǘŀƪŜƴ ŦǊƻƳ ǘƘŜ ŦƻǊŜǎǘ 

ό9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΣ 

нлнпōύΦ 

Lǘ ǳǎǳŀƭƭȅ ǊŜǉǳƛǊŜǎ ŀ ŎŜǊǘŀƛƴ 

ƳƛƴƛƳǳƳ ǎƛȊŜ 

όŎƻǊǊŜǎǇƻƴŘƛƴƎ ǿƛǘƘ ǘƘŜ 

ǘŜǊƳ άǊƻǳƎƘ ǿƻƻŘέύΣ ŜΦƎΦ ƛƴ 

DŜǊƳŀƴȅΣ ŀ ŘƛŀƳŜǘŜǊ ƻŦ ŀǘ 

ƭŜŀǎǘ т ŎƳ ƛǎ ǎŜǘ ŀǎ ǘƘŜ 

ǘƘǊŜǎƘƻƭŘ ŦƻǊ ǘƘƛǎ ŎŀǘŜƎƻǊȅΦ 

aŀǘŜǊƛŀƭ ōŜƭƻǿ ǘƘƛǎ 

ǘƘǊŜǎƘƻƭŘ ƛǎ ǘƘŜƴ ǳǎǳŀƭƭȅ 

ŎƭŀǎǎƛŬŜŘ ŀǎ ŦƻǊŜǎǘ ǊŜǎƛŘǳŜǎ 

ŀƴŘ ǊŜƳŀƛƴǎ Ƴŀƛƴƭȅ ƛƴ ǘƘŜ 

ŦƻǊŜǎǘΦ 

¢ƛƳōŜǊ κ ƭƻƎǎΥ ǊƻǳƴŘ ǿƻƻŘ ǿƘƛŎƘ ƛǎ 

ǎǳƛǘŀōƭŜ ŀƴŘ ŘŜǘŜǊƳƛƴŜŘ ǘƻ ōŜ 

ǇǊƻŎŜǎǎŜŘ ƛƴ ǎŀǿƳƛƭƭǎΤ ƛǘ ǊŜǉǳƛǊŜǎ ŀ 

ƳƛƴƛƳǳƳ ŀƴŘ όƳŀȄƛƳǳƳύ ŘƛŀƳŜǘŜǊ 

ŀƴŘ ǎǘǊŀƛƎƘǘ ƎǊƻǿǘƘ ŀǎ ǎŜǘ ōȅ ǎŀǿƳƛƭƭǎΦ 

¢ƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ƛǎ ŎƻƴƛŦŜǊƻǳǎ ǿƻƻŘ 

όǎǇǊǳŎŜΣ ǇƛƴŜύ 

¢ƘŜ ǘȅǇŜ ƻŦ ǿƻƻŘ ǳǎŜŘ ŦƻǊ ǎŀǿƛƴƎ ƛǎ ƛƳǇƻǊǘŀƴǘΣ ǿƛǘƘ ŎƻƴƛŦŜǊƻǳǎ 

ǿƻƻŘ ōŜƛƴƎ ŦŀǾƻǳǊŜŘ ōȅ ŦŀǊ όŘǳŜ ǘƻ ǎǘǊŀƛƎƘǘ ǎǘŜƳǎΣ ǎƻƊƴŜǎǎΣ ŀƴŘ 

ǾŀǊƛŀōƭŜ ƛƴ ŘŜƳŀƴŘŜŘ ǳǎŀƎŜǎ όŎŦΦ ŎƻƴǎǘǊǳŎǝƻƴ ǿƻƻŘΣ ŦǳǊƴƛǘǳǊŜύΦ  

.ȅπǇǊƻŘǳŎǘǎ ŦǊƻƳ ǇǊƻŎŜǎǎƛƴƎ ǎŀǿƴ ǿƻƻŘ ŀǊŜ ŘŜǎŎǊƛōŜŘ ǳƴŘŜǊ 

.ƛƻƳŀǎǎ ǘȅǇŜ ŎŀǘŜƎƻǊȅ ά/ƻπǇǊƻŘǳŎǘǎ ŦǊƻƳ ǇǊƻŎŜǎǎƛƴƎ ƭƻƎǎ ƛƴ 

ǎŀǿƳƛƭƭǎέΦ 

LƴŘǳǎǘǊȅ ǿƻƻŘ /ƻƴƛŦŜǊǎΥ 

{ǇǊǳŎŜΣ ǇƛƴŜ ŜǘŎΦ 

.ǊƻŀŘƭŜŀŦ ǘǊŜŜǎΥ 

.ŜŜŎƘΣ ƻŀƪΣ ŜǘŎΦ 

LƴŘǳǎǘǊȅ ǿƻƻŘ ǎǳōǎǳƳŜǎ ŀƭƭ 

ǊƻǳƴŘǿƻƻŘ ǿƘƛŎƘ ƛǎ ƴƻǘ ǳǎŜŘ ŦƻǊ 

ǎŀǿƛƴƎ ŀƴŘ ƎƻŜǎ ǘƻ ǘƘŜ ǇŀǇŜǊ ƻǊ 

ŎƘƛǇōƻŀǊŘ ƛƴŘǳǎǘǊȅ ƻǊ ƛǎ ǳǎŜŘ ŀǎ ŦǳŜƭΦ 

Lǘ ƻƊŜƴ Ŏƻƴǎƛǎǘǎ ƻŦ ǿƻƻŘ ŦǊƻƳ 

ǘƘƛƴƴƛƴƎΣ ǎƳŀƭƭπŘƛŀƳŜǘŜǊ ǿƻƻŘ 

ǊŜƳƻǾŜŘ ŘǳǊƛƴƎ ŦƻǊŜǎǘǊȅ ƻǇŜǊŀǝƻƴǎ ƻǊ 

ōǊŀƴŎƘŜǎ ŦǊƻƳ ƭƻƎ ƘŀǊǾŜǎǝƴƎΦ ¢Ƙƛǎ 

ŀƭǎƻ ƛƴŎƭǳŘŜǎ ǎƻπŎŀƭƭŜŘ ǎǇƭƛǘ ƭƻƎǎΣ 

ǊƻǳƴŘǿƻƻŘ ǳǎŜŘ ƛƴ ƘƻǳǎŜƘƻƭŘǎ ŦƻǊ 

ǎǇŀŎŜ ƘŜŀǝƴƎΦ 

¢ƘŜ ǉǳŜǎǝƻƴ ƻŦ ǿƻƻŘ ŎŀǘŜƎƻǊȅ ƻǊ ǎǇŜŎƛŜǎ ƛǎ ƭŜǎǎ ǊŜƭŜǾŀƴǘ ŦƻǊ 

ƛƴŘǳǎǘǊȅ ǿƻƻŘΦ !ǎ ǘƘŜ Ǌŀǝƻǎ ƻŦ ǘǊŜŜ ǎǇŜŎƛŜǎ ŀƴŘ ǘƘŜƛǊ ǳǝƭƛǎŀǝƻƴ 

ŀǊŜ ǉǳƛǘŜ ǎǘŀōƭŜ ŦƻǊ ǘƘŜ ǝƳŜ ōŜƛƴƎΣ ŀ ŘƛũŜǊŜƴǝŀǝƻƴ ŘƻŜǎ ƴƻǘ 

ƳŀƪŜ ǎŜƴǎŜ ŀǘ ǘƘƛǎ ǇƻƛƴǘΦ Lƴ ǘƘŜ ǾŜǊȅ ƭƻƴƎ ǘŜǊƳ όǿƛǘƘ ŦƻǊŜǎǘ 

ŀŘŀǇǘŀǝƻƴ ŀƴŘ ƳƛȄŜŘ ǎǇŜŎƛŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ƛƴŎǊŜŀǎŜ ƛƴ ǎŀƭǾŀƎŜ 

ƭƻƎƎƛƴƎǎύΣ ƘƻǿŜǾŜǊΣ ǘƘƛǎ ǎƘƻǳƭŘ ōŜ ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘΦ 

 

{Ǉƭƛǘ ƭƻƎǎ ŦƻǊ ǎǇŀŎŜ ƘŜŀǝƴƎ ŀǊŜ ǇǊƻŘǳŎŜŘ ŦǊƻƳ ōǊƻŀŘƭŜŀŦ ǿƻƻŘ 

όŜΦƎΦ ōŜŜŎƘύΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŎƭƛƳŀǝŎ ǊŜƎƛƻƴΦ 

²ƻƻŘ ŦǊƻƳ ǎŀƭǾŀƎŜ 

ƭƻƎƎƛƴƎ 

aƛȄ ƻŦ ǎǇŜŎƛŜǎ όƳƻǎǘƭȅ 

ŎƻƴƛŦŜǊǎύ 

wƻǳƴŘǿƻƻŘ ƭƻƎƎŜŘ ƛƴ ŦƻǊŜǎǘ ŀǊŜŀǎ ŘŀƳŀƎŜŘ ōȅ ŘƛǎǘǳǊōŀƴŎŜǎ 

όŘǊƻǳƎƘǘΣ ǿƛƭŘŬǊŜΣ ƅƻƻŘΣ ǎŜǾŜǊŜ ǿƛƴŘŦŀƭƭΣ ŘƛǎŜŀǎŜΣ ƛƴǎŜŎǘ ƛƴŦŜǎǘŀǝƻƴ 

ŜǘŎΦύΦ  

{ŀƭǾŀƎŜ ƭƻƎƎƛƴƎǎ ǘŀƪŜ ǇƭŀŎŜ ƻǳǘǎƛŘŜ ǇƭŀƴƴŜŘ ƘŀǊǾŜǎǘǎ ǿƛǘƘ ǘƘŜ ŀƛƳ 

ǘƻ ǊŜŎƻǾŜǊ ŀ ŎŜǊǘŀƛƴ ŜŎƻƴƻƳƛŎ ǾŀƭǳŜ ƛƴ ǾƛŜǿ ƻŦ ǘƘŜ Ǌƛǎƪ ƻŦ 

ǎƛƎƴƛŬŎŀƴǘ ƭƻǎǎŜǎΦ  

/ƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƴŎǊŜŀǎŜǎ ǘƘŜ Ǌƛǎƪ ƻŦ ǎǳŎƘ ŎŀƭŀƳƛǝŜǎΦ ¢ƘŜ ǇǊŀŎǝŎŀƭ 

ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ǎŀƭǾŀƎŜ ƭƻƎƎƛƴƎ ŘŜǇŜƴŘǎ ƘŜŀǾƛƭȅ ƻƴ ǘƘŜ 

ǊŜƎƛƻƴŀƭ ŎƻƴǘŜȄǘ ŀƴŘ ǘƘŜ ǘȅǇŜ ƻŦ ŦƻǊŜǎǘǊȅ ƳŀƴŀƎŜƳŜƴǘΦ {ŀƭǾŀƎŜ 

ƭƻƎƎƛƴƎ Ŏŀƴ ƭŜŀŘ ǘƻ ŀ ǘŜƳǇƻǊŀǊȅ ƛƴŎǊŜŀǎŜ ƛƴ ǝƳōŜǊ ǎǳǇǇƭȅ ƻǊ ǘƻ ŀ 

ŘŜŎƭƛƴŜΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ƘƛƎƘπǉǳŀƭƛǘȅ ǝƳōŜǊΦ 

wƻǳƴŘǿƻƻŘ ŦǊƻƳ ǎŀƭǾŀƎŜ ƭƻƎƎƛƴƎǎ ŜƴǘŜǊǎ ǘƘŜ ǾŀƭǳŜ ŎƘŀƛƴ ŀǎ 

ǝƳōŜǊ ƻǊ LƴŘǳǎǘǊȅ ǿƻƻŘΦ  5ǳŜ ǘƻ ǘƘŜ ǳƴŘƛũŜǊŜƴǝŀǘŜŘ ƴŀǘǳǊŜ ƻŦ 

ǘƘƛǎ ŎŀǘŜƎƻǊȅΣ ƛǘ ƛǎ ƴƻǘ ǘǊŜŀǘŜŘ ŀǎ ŀ ǎŜǇŀǊŀǘŜ ǘȅǇŜ ƻŦ ōƛƻƳŀǎǎ ƛƴ ǘƘŜ 

ŀƭƭƻŎŀǝƻƴΦ 
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.ƛƻƳŀǎǎ ǘȅǇŜ tǊƻŘǳŎǘ ǘȅǇŜ {ǇŜŎƛŜǎ  5ŜŬƴƛǝƻƴ Iƻǿ ǘƻ ƘŀƴŘƭŜ ŦƻǊ ǘƘƛǎ ǘŀǎƪ 

ό/ƻπύǇǊƻŘǳŎǘǎ 

ŦǊƻƳ ǇǊƻŎŜǎǎƛƴƎ 

ƭƻƎǎ ƛƴ ǎŀǿƳƛƭƭǎ 

¢ƛƳōŜǊκƭƻƎǎ aƛȄ ƻŦ ǎǇŜŎƛŜǎ όƳƻǎǘƭȅ 

ŎƻƴƛŦŜǊǎύ 

¢ŀǊƎŜǘ ǇǊƻŘǳŎǘ ƻŦ ǎŀǿƳƛƭƭǎ όōŜŀƳǎΣ ǎǉǳŀǊŜ ǝƳōŜǊΣ ǎƻƭƛŘ ōƻŀǊŘǎΣ 

Ǉƭŀƴƪǎ ŜǘŎΦύΣ ŀǊƻǳƴŘ сл҈ ƻŦ ǘƘŜ ǿƻƻŘ ƛƴǇǳǘ ǘƻ ǎŀǿ ƳƛƭƭǎΦ 

{ŜŜ ŀōƻǾŜΥ ǊƻǳƴŘǿƻƻŘΣ ǝƳōŜǊ κ ƭƻƎǎΦ 

LƴŘǳǎǘǊȅ ǿƻƻŘ 

{ŀǿƳƛƭƭ ōȅπ

ǇǊƻŘǳŎǘǎΣ ǿƻƻŘ 

ǎƘŀǾƛƴƎǎ 

aƛȄ ƻŦ ǎǇŜŎƛŜǎ όƳƻǎǘƭȅ 

ŎƻƴƛŦŜǊǎύ 

¢Ƙƛǎ ƛƴŎƭǳŘŜǎ ŀƭƭ ōȅπǇǊƻŘǳŎǘǎ ƎŜƴŜǊŀǘŜŘ ŘǳǊƛƴƎ ǘƘŜ ǎŀǿƛƴƎ ǇǊƻŎŜǎǎ 

ƻǊ ŦǳǊǘƘŜǊ ǇǊƻŎŜǎǎƛƴƎ ƻŦ ǎƻƭƛŘ ǿƻƻŘ ǇǊƻŘǳŎǘǎΣ ǎǳŎƘ ŀǎ ǎŀǿŘǳǎǘΣ 

ǿƻƻŘ ǎƘŀǾƛƴƎǎ ŀƴŘ ƻũŎǳǘǎΦ 

LƳǇƻǊǘŀƴǘΥ Lƴ ǊƻǳƴŘǿƻƻŘ ōŀƭŀƴŎŜǎΣ ǘƘƛǎ ƛǎ ŀƭǊŜŀŘȅ ŀ ŎƻƳǇƻƴŜƴǘ ƻŦ 

ǘƘŜ ǝƳōŜǊ ŦƻǊ ǘƘŜ ǎŀǿƳƛƭƭ ƛƴŘǳǎǘǊȅΦ ¢ƘŜǊŜΣ ǘƘŜ ǎŀǿƴ ǝƳōŜǊ ƛǎ 

ǎŜǇŀǊŀǘŜŘ ŦǊƻƳ ǘƘŜ ǎŀǿƳƛƭƭ ōȅπǇǊƻŘǳŎǘΦ  

tǊƛŎŜ Ǌŀǝƻ ƻŦ ǎŀǿƴ ǿƻƻŘ ŀƴŘ ǎŀǿƳƛƭƭ ōȅπǇǊƻŘǳŎǘǎ ǊŀƴƎŜǎ ōŜǘǿŜŜƴ 

ŀ ŦŀŎǘƻǊ ƻŦ р ǘƻ млΦ 

[ƛƪŜ ƛƴŘǳǎǘǊȅ ǿƻƻŘΣ ǘƘƛǎ ƛǎ ǳǎŜŘ ŦƻǊ ǾŀǊƛƻǳǎ ƳŀǘŜǊƛŀƭ ŀƴŘ ŜƴŜǊƎȅ 

ǇǳǊǇƻǎŜǎΦ CƻǊ ǘƘŜ ǎŀƪŜ ƻŦ ǎƛƳǇƭƛŎƛǘȅΣ ǎŀǿƳƛƭƭ ōȅπǇǊƻŘǳŎǘǎ ŀǊŜ 

ŎƭŀǎǎƛŬŜŘ ƛƴ ǘƘŜ ǎŀƳŜ ŎŀǘŜƎƻǊȅ ŀǎ ƛƴŘǳǎǘǊȅ ǿƻƻŘ ŦƻǊ ŀƭƭƻŎŀǝƻƴΦ 

wŜǎƛŘǳŜǎ IŀǊǾŜǎǘ ǊŜǎƛŘǳŜǎ /ƻƴƛŦŜǊǎ ƻǊ ōǊƻŀŘƭŜŀŦ 5ŜŬƴƛǝƻƴǎ ǾŀǊȅΤ ƘŜǊŜΣ ŦƻǊŜǎǘ ǊŜǎƛŘǳŜǎ ŀǊŜ ǳƴŘŜǊǎǘƻƻŘ ŀǎ ǘƘŜ 

ōƛƻƳŀǎǎ ǘƘŀǘ ŀŎŎǳƳǳƭŀǘŜǎ ƛƴ ǘƘŜ ŦƻǊŜǎǘ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ƘŀǊǾŜǎǝƴƎ 

ƳŜŀǎǳǊŜǎ ŀƴŘ ƛǎ ƴƻǘ ǊŜƳƻǾŜŘ ŀǎ ǊƻǳƴŘǿƻƻŘΦ Lǘ ǘƘŜǊŜŦƻǊŜ Ŏƻƴǎƛǎǘǎ 

Ƴŀƛƴƭȅ ƻŦ ǎƳŀƭƭ ǇƛŜŎŜǎ όōǊŀƴŎƘŜǎΣ ǘǿƛƎǎ ƻŦ ƳŀȄƛƳǳƳ т ŎƳ ƛƴ 

ŘƛŀƳŜǘŜǊύ ŀƴŘ ōŀǊƪΤ ƛǘ ƛǎ ǳǎǳŀƭƭȅ ƻƴƭȅ ǊŜƳƻǾŜŘ ƛƴ ǎƳŀƭƭ ǉǳŀƴǝǝŜǎ 

ƻǊ ǊŜƳŀƛƴǎ ŜƴǝǊŜƭȅ ƛƴ ǘƘŜ ŦƻǊŜǎǘΦ 

Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŎƭŜŀǊƭȅ ŘŜŬƴŜ ŦƻǊŜǎǘ ǊŜǎƛŘǳŜǎ ŀƴŘΣ ƛƴ ǇŀǊǝŎǳƭŀǊΣ 

ǘƻ ŎƭŀǊƛŦȅ ǘƘŜ ƭƛƳƛǘǎ ƻŦ ǘƘŜƛǊ ŀǾŀƛƭŀōƛƭƛǘȅΦ ¢ƻŘŀȅΣ ǎƳŀƭƭ ǉǳŀƴǝǝŜǎ ƻŦ 

ŦƻǊŜǎǘ ǊŜǎƛŘǳŜǎ ŀǊŜ ǳǝƭƛǎŜŘΦ 

¢ƘŜ ǊŜŀǎƻƴǎ ǘƻ ƭƛƳƛǘ ǘƘŜ ǊŜƳƻǾŀƭ ƻŦ ŦƻǊŜǎǘ ǊŜǎƛŘǳŜǎ ŀǊŜ ƴǳǘǊƛŜƴǘ 

ǎǳǇǇƭȅΣ ŎŀǊōƻƴ ŀŎŎǳƳǳƭŀǝƻƴ ƛƴ ǎƻƛƭǎ ŀƴŘ ōƛƻŘƛǾŜǊǎƛǘȅ ǇǊƻǘŜŎǝƻƴΦ 

{ƛƴŎŜ ƻƴƭȅ ǘƘŜ ŘƛũŜǊŜƴŎŜ ƛƴ ǎƛȊŜ ŘƛǎǝƴƎǳƛǎƘŜǎ ƛǘ ŦǊƻƳ ƛƴŘǳǎǘǊȅ 

ǿƻƻŘ ŀƴŘ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǊŜǎƛŘǳŜǎ ŎƻƭƭŜŎǘŜŘ ƛǎ ƭƻǿ ŀƴŘ ƭƛƳƛǘŜŘ ƻƴ 

ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƎǊƻǳƴŘǎΣ ǘƘŜ ǊŜǎƛŘǳŜǎ ŀǊŜ ƴƻǘ ŜǾŀƭǳŀǘŜŘ ǎŜǇŀǊŀǘŜƭȅΤ 

ǘƘŜȅ ŀǊŜ ǘǊŜŀǘŜŘ ŀǎ ƛƴŘǳǎǘǊȅ ǿƻƻŘΦ 

  

tǊƛƳŀǊȅ !ƎǊƛŎǳƭǘǳǊŀƭ ōƛƻƳŀǎǎ 

CƻƻŘ ŀƴŘ ŦŜŜŘπ

ōŀǎŜŘ ŎǊƻǇ  

{ǘŀǊŎƘκǎǳƎŀǊ 

{ǘŀǊŎƘ Ǉƭŀƴǘǎ 

²ƘŜŀǘ 

wȅŜ 

aŀƛȊŜ 

.ŀǊƭŜȅ  

tƻǘŀǘƻ  

ŜǘŎΦ 

άŎƭŀǎǎƛŎŀƭέ ŎǊƻǇǎΣ ǳǎǳŀƭƭȅ ƎǊƻǿƴ ŦƻǊ ŦƻƻŘ ƻǊ ŀƴƛƳŀƭ ŦŜŜŘ ǇǳǊǇƻǎŜǎΣ 

ǘƘŀǘ ŀǊŜ ƎǊƻǿƴ ŦƻǊ ŜƴŜǊƎȅ ǇǳǊǇƻǎŜǎ όƳƻǎǘƭȅ ƭƛǉǳƛŘ ōƛƻŦǳŜƭǎύ ǿƛǘƘ 

ǎƛƳƛƭŀǊ ŎǳƭǝǾŀǝƻƴ ŎƻƴŘƛǝƻƴǎ όǳǎŜ ƻŦ ƛƴǇǳǘǎΣ ŜΦƎΦ ŦŜǊǝƭƛǎŜǊǎΣ 

ǇŜǎǝŎƛŘŜǎύΦ  

¢ƘŜƛǊ ŎǳƭǝǾŀǝƻƴ ŎƻƳǇŜǘŜǎ ŘƛǊŜŎǘƭȅ ǿƛǘƘ ŦƻƻŘ ŀƴŘ ŦŜŜŘ ŎǊƻǇǎ ƛƴ 

ǘŜǊƳǎ ƻŦ ƭŀƴŘ ǳǎŜΦ 

Lǘ ƛǎ ǊŜŀǎƻƴŀōƭŜ ǘƻ ǎǇŜŎƛŦȅ ƻƴ ǘƘŜ ƭŜǾŜƭ ƻŦ ǎǘŀǊŎƘ ǇƭŀƴǘǎΣ ǎƛƴŎŜ ǎǘŀǊŎƘ 

όŜƛǘƘŜǊ ŀǎ ŦƻƻŘ ƻǊ ǘŜŎƘƴƛŎŀƭ ŀǇǇƭƛŎŀǝƻƴύ ƛǎ ǘƘŜ ƳŀƧƻǊ ŎƻƳƳƻŘƛǘȅ ƛƴ 

ǘƘŜ ƳŀǊƪŜǘΤ ŜȄŎŜǇǘ Ǉƻǘŀǘƻ όŀƴŘ ƛƴ ƻǘƘŜǊ Ǝƭƻōŀƭ ǊŜƎƛƻƴǎ ŜΦƎΦ 

ŎŀǎǎŀǾŀύΣ ǘƘŜǎŜ ŀǊŜ Ƴƻǎǘƭȅ ŎŜǊŜŀƭǎ ǿƛǘƘ ǎƛƳƛƭŀǊ ŎǊƻǇǇƛƴƎ ǎȅǎǘŜƳǎΦ 

CƻǊ ǘƘŜ ŀƭƭƻŎŀǝƻƴ ŀƴŀƭȅǎƛǎΣ ŀǎ ǘƘŜ ŎǊƻǇǎ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ Řƻ ƴƻǘ 

ŘƛũŜǊ ƳǳŎƘ ǿƛǘƘ ǊŜƎŀǊŘ ǘƻ ǘƘŜ ŎǊƛǘŜǊƛŀΣ ǿƘŜŀǘ ǿŀǎ ŎƘƻǎŜƴ ŀǎ ǘƘŜ 

ǊŜǇǊŜǎŜƴǘŀǝǾŜ ŎǊƻǇ ŦƻǊ ǎƛƳǇƭƛŬŎŀǝƻƴΦ 
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.ƛƻƳŀǎǎ ǘȅǇŜ tǊƻŘǳŎǘ ǘȅǇŜ {ǇŜŎƛŜǎ  5ŜŬƴƛǝƻƴ Iƻǿ ǘƻ ƘŀƴŘƭŜ ŦƻǊ ǘƘƛǎ ǘŀǎƪ 

  

 {ǳƎŀǊ Ǉƭŀƴǘǎ {ǳƎŀǊ ōŜŜǘ 

ǎǳƎŀǊŎŀƴŜ  

ŜǘŎΦ 

 {ǳƎŀǊ ƛǎ ŀ ǎŜǇŀǊŀǘŜ ƳŀƧƻǊ ŎƻƳƳƻŘƛǘȅ ƛƴ ǘƘŜ ƳŀǊƪŜǘΤ ǘƘƻǳƎƘ ǎǳƎŀǊ 

ōŜŜǘ όŘƻƳŜǎǝŎ ŀƴƴǳŀƭ Ǌƻƻǘ ŎǊƻǇύ ŀƴŘ ǎǳƎŀǊŎŀƴŜ όǇŜǊŜƴƴƛŀƭ ƎǊŀǎǎΣ 

ƛƳǇƻǊǘŜŘύ ŀǊŜ ǾŜǊȅ ŘƛũŜǊŜƴǘ ŎǊƻǇǎΣ ȅƛŜƭŘǎ ŀǊŜ ŎƻƳǇŀǊŀōƭŜΦ  

{ƛƴŎŜ ǘƘŜ ŀǇǇƭƛŎŀǝƻƴǎ ŦǊƻƳ ǎǳƎŀǊ ŦŜŜŘǎǘƻŎƪǎ Ŏŀƴ ƭŀǊƎŜƭȅ ōŜ 

ŎƻǾŜǊŜŘ ōȅ ǎǘŀǊŎƘ ŀƴŘ ǘƘŜ ƎŜƴŜǊŀƭ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ŘƻƳŜǎǝŎ 

ǎǳƎŀǊ Ǉƭŀƴǘǎ Řƻ ƴƻǘ ŘƛũŜǊ ƳǳŎƘ ǿƛǘƘ ǊŜƎŀǊŘ ǘƻ ǘƘŜ ŎǊƛǘŜǊƛŀ ŦǊƻƳ 

ǿƘŜŀǘΣ ǘƘŜȅ ŀǊŜ ƛƴŎƭǳŘŜŘ ŀǎ ƻƴŜ ŎŀǘŜƎƻǊȅ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ǎǘŀǊŎƘ 

ǇƭŀƴǘǎΦ 

 hƛƭ ŎǊƻǇǎ 

 

wŀǇŜǎŜŜŘ  

{ǳƴƅƻǿŜǊ  

{ƻȅōŜŀƴ  

tŀƭƳ 

/ŀǎǘƻǊ ƻƛƭ Ǉƭŀƴǘ 

ŜǘŎΦ 

 ¢ƘŜ ƳŀǊƪŜǘ ŦƻǊ ǾŜƎŜǘŀōƭŜ ƻƛƭ ƛǎ ƎƭƻōŀƭΦ IƻǿŜǾŜǊΣ ŎǊƻǇ ǎǇŜŎƛŜǎ ŀǊŜ 

ǎǘǊƻƴƎƭȅ ǊŜƎƛƻƴŀƭƛǎŜŘΥ ǊŀǇŜǎŜŜŘ ŀǊŜ Ƴƻǎǘƭȅ ŦǊƻƳ /ŜƴǘǊŀƭΣ 9ŀǎǘ ŀƴŘ 

bƻǊǘƘŜǊƴ 9ǳǊƻǇŜΣ ōǳǘ ǘƘŜǊŜ ŀǊŜ ŀƭǎƻ ƛƳǇƻǊǘǎ ŦǊƻƳ /ŀƴŀŘŀ ŀƴŘ 

!ǳǎǘǊŀƭƛŀΤ ǎǳƴƅƻǿŜǊ ƛƴ {ƻǳǘƘŜǊƴ 9ǳǊƻǇŜΤ ǎƻȅōŜŀƴ ƛƳǇƻǊǘŜŘ ŦǊƻƳ 

¦{! ŀƴŘ {ƻǳǘƘ !ƳŜǊƛŎŀ όǘƘŜǊŜ ǿŜ ŀǎǎǳƳŜ L[¦/πǊƛǎƪǎύΤ ǇŀƭƳ ƻƛƭ ƛǎ ŀ 

ŎƻƴŬǊƳŜŘ ƘƛƎƘπL[¦/πŎǊƻǇΦ 

Lǘ ŀǇǇŜŀǊǎ ǊŜŀǎƻƴŀōƭŜ ǘƻ ǎǳōǎǳƳŜ ƻƛƭ ŎǊƻǇǎΣ ōǳǘ ǘƘŜ ǇǊƻǇƻǊǝƻƴ ƻŦ 

ǇŀƭƳ ƻƛƭ ǎƘƻǳƭŘ ŀƭǿŀȅǎ ōŜ ƛƴŘƛŎŀǘŜŘ ǎŜǇŀǊŀǘŜƭȅΦ 

! ŎƻπǇǊƻŘǳŎǘ ƻŦ ǇŀƭƳ ƻƛƭ όǿƘƛŎƘ ƛǎ ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ ǘƘŜ ǇǳƭǇ ƻŦ ǘƘŜ 

ƻƛƭ ǇŀƭƳ ŦǊǳƛǘύ ƛǎ ǇŀƭƳ ƪŜǊƴŜƭ ƻƛƭΣ ǿƘƛŎƘ ƛǎ Ƴŀƛƴƭȅ ǳǎŜŘ ŦƻǊ ǘŜŎƘƴƛŎŀƭ 

ŀǇǇƭƛŎŀǝƻƴǎ ŘǳŜ ǘƻ ƛǘǎ ƘƛƎƘ ǉǳŀƭƛǘȅΦ /ŀǎǘƻǊ ƻƛƭ ƛǎ ŀƭǎƻ ǳǎŜŘ ŦƻǊ 

ǎǇŜŎƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎ όǇǊƛƳŀǊƛƭȅ ƘȅŘǊŀǳƭƛŎ ƻƛƭύΦ {ƛƴŎŜ ǘƘŜ ŬŜƭŘ ƻŦ 

ƻƭŜƻŎƘŜƳƛǎǘǊȅ ǿƛǘƘ ƛǘǎ ǎǇŜŎƛŀƭ ƻƛƭ ǊŜǉǳƛǊŜƳŜƴǘǎ ǎƘƻǳƭŘ ƴƻǘ ōŜ 

ƛƎƴƻǊŜŘ ƘŜǊŜΣ ŀƴŘ ǎƛƴŎŜ ƛǘ ƛǎ ƴƻǘ ǇƻǎǎƛōƭŜ ǘƻ ŎƻƴǎƛŘŜǊ ǘƘŜ ŜƴǝǊŜ 

ǊŀƴƎŜ ƻŦ ǎǇŜŎƛŀƭ ƻƛƭ ǘȅǇŜǎΣ ŎŀǎǘƻǊ ƻƛƭ ƛǎ ŀƭǎƻ ƛƴŎƭǳŘŜŘ ƘŜǊŜ ŀǎ ŀ 

ǊŜǇǊŜǎŜƴǘŀǝǾŜ ŜȄŀƳǇƭŜΦ 

DǊŜŜƴ Ǉƭŀƴǘǎ DǊŜŜƴ ƳŀƛȊŜ 

DǊŜŜƴ ǊȅŜ 

DǊŜŜƴ ǿƘŜŀǘ 

CƛŜƭŘ ƎǊŀǎǎ 

ŜǘŎΦ 

ΨDǊŜŜƴΩ ǊŜŦŜǊǎ ǘƻ ŎǳƭǝǾŀǝƻƴ ŦƻǊ ŀƴƛƳŀƭ ŦŜŜŘ ƻǊ ŜƴŜǊƎȅ ǇǊƻŘǳŎǝƻƴΦ 

¢ƘŜȅ ŀǊŜ ǳǎŜŘ ŀǎ ǿƘƻƭŜ ǇƭŀƴǘǎΣ ǳǎǳŀƭƭȅ ŀǎ ƭƛǾŜǎǘƻŎƪ ŦŜŜŘΣ Ƴƻǎǘƭȅ 

ŀƊŜǊ ǎƛƭŀƎŜΣ ƻǊ ŦƻǊ ŜƴŜǊƎȅ ǇǳǊǇƻǎŜǎ Ǿƛŀ ōƛƻƎŀǎ ǇǊƻŘǳŎǝƻƴΦ Lƴ ǎƻƳŜ 

ŎŀǎŜǎΣ ǿƘŜƴ ƘŀǊǾŜǎǘ ŜȄǇŜŎǘŀǝƻƴǎ ŀǊŜ ǇƻƻǊΣ ŀ ŬŜƭŘ ŎǳƭǝǾŀǘŜŘ ŦƻǊ 

ŦƻƻŘ ǇǳǊǇƻǎŜǎ όŜΦƎΦ ǿƘŜŀǘύ Ƴŀȅ ōŜ ŎƻƴǾŜǊǘŜŘ ŦǊƻƳ ƎǊŀƛƴ ƘŀǊǾŜǎǘ 

ǘƻ ǿƘƻƭŜ Ǉƭŀƴǘ ƘŀǊǾŜǎǘ ǿƛǘƘ ǎǳōǎŜǉǳŜƴǘ ōƛƻƎŀǎ ǇǊƻŘǳŎǝƻƴΦ 

¢ƘŜƛǊ ŎǳƭǝǾŀǝƻƴ ŦƻǊ ŜƴŜǊƎȅ ƳŀȅΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ƳŀƛȊŜΣ 

ŎƻƳǇŜǘŜǎ ǿƛǘƘ ŦƻƻŘ ŀƴŘ ŦŜŜŘ ŎǊƻǇǎ ƛƴ ǘŜǊƳǎ ƻŦ ƭŀƴŘ ǳǎŜΦ 

wŜƎŀǊŘƛƴƎ ōƛƻƎŀǎ ǇǊƻŘǳŎǝƻƴΣ ǘƘŜǎŜ ŎǊƻǇǎ ŀǊŜ ǊŜƭŜǾŀƴǘ ƛƴ ǇŀǊǘǎ ƻŦ 

9ǳǊƻǇŜ όƳŀƛƴƭȅ DŜǊƳŀƴȅύΣ ǿƘŜǊŜ ƳŀƛȊŜ ƛǎ ŎǳǊǊŜƴǘƭȅ ƭŀǊƎŜƭȅ ǳǎŜŘΦ 

aŀƛȊŜ ǇǊƻǾƛŘŜǎ ŀ ǊŜƭŀǝǾŜƭȅ ƘƛƎƘ ȅƛŜƭŘ ǊŀǘŜ ǇŜǊ ƘŜŎǘŀǊŜ ǿƘƛƭŜ ƻǘƘŜǊ 

ŎǊƻǇǎΣ ǿƛǘƘ ƭƻǿŜǊ ȅƛŜƭŘǎ ǊŀǘŜǎΣ Ƴŀȅ ƻũŜǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ Ŏƻπ

ōŜƴŜŬǘǎΦ  

5ŜǎǇƛǘŜ ŘƛũŜǊŜƴŎŜǎ ƛƴ ȅƛŜƭŘǎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŬǘǎΣ ŀƭƭ Ŏŀƴ 

ōŜ ǳǎŜŘ ŦƻǊ ōƛƻƎŀǎ ǇǊƻŘǳŎǝƻƴΦ  

!ǎ ƎǊŜŜƴ Ǉƭŀƴǘǎ ŎǳƭǝǾŀǝƻƴ ƛƴǘŜƴŘŜŘ ŦƻǊ ōƛƻƎŀǎ ǇǊƻŘǳŎǝƻƴ 

ŎƻƴŎŜǊƴǎ Ƴŀƛƴƭȅ ƳŀƛȊŜΣ ƎǊŜŜƴ ƳŀƛȊŜ ǿŀǎ ǎŜƭŜŎǘŜŘ ŦƻǊ ǘƘŜ ŀƴŀƭȅǎƛǎ 

ŀƴŘ ǘƘŜ !ƭƭƻŎŀǝƻƴ DǳƛŘŜ όƭŀŘŘŜǊǎύΣ ǊŜǇǊŜǎŜƴǝƴƎ ǘƘŜ ŘƛǾŜǊǎŜ ƎǊŜŜƴ 

Ǉƭŀƴǘǎ ŦƻǊ ōƛƻƎŀǎ όŜȄŎŜǇǘ ŎŀǘŎƘ ŎǊƻǇǎΣ ǎŜŜ ŦǳǊǘƘŜǊ ōŜƭƻǿύΦ 
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.ƛƻƳŀǎǎ ǘȅǇŜ tǊƻŘǳŎǘ ǘȅǇŜ {ǇŜŎƛŜǎ  5ŜŬƴƛǝƻƴ Iƻǿ ǘƻ ƘŀƴŘƭŜ ŦƻǊ ǘƘƛǎ ǘŀǎƪ 

[ƛƎƴƻŎŜƭƭǳƭƻǎƛŎ 

ŎǊƻǇǎ  

{w/ 

DǊŀǎǎŜǎ 

aƛǎŎŀƴǘƘǳǎ 

tŀƴƛŎǳƳ 

ŜǘŎΦ 

{ŜƳƛπǇŜǊŜƴƴƛŀƭ ƻǊ ǇŜǊŜƴƴƛŀƭ ŎǳƭǝǾŀǝƻƴ ƻŦ ƘƛƎƘπȅƛŜƭŘ ƎǊŀǎǎ ǾŀǊƛŜǝŜǎ 

ǘƘŀǘ ǘƻŘŀȅ Ƴƻǎǘƭȅ ǇǊƻǾƛŘŜ ƭƛƎƴƻŎŜƭƭǳƭƻǎŜ ŦƻǊ ŜƴŜǊƎȅ ǳǎŜ ōǳǘ Ŏŀƴ 

ŀƭǎƻ ǎŜǊǾŜ ŀǎ ŀ Ǌŀǿ ƳŀǘŜǊƛŀƭ ŦƻǊ ƻǘƘŜǊ ǇǳǊǇƻǎŜǎ όŎƘŜƳƛŎŀƭǎΣ ŬōǊŜǎΣ 

ŜǘŎΦύΦ ¢ƘŜǎŜ ƎǊŀǎǎŜǎ ǊŜǉǳƛǊŜ ƭƻǿ ƛƴǇǳǘǎ όŦŜǊǝƭƛǎŜǊǎΣ ǇŜǎǝŎƛŘŜǎ ŜǘŎΦύ 

ŀƴŘ ŀǊŜ ƴƻǘ ǎǳƛǘŀōƭŜ ŦƻǊ ŦƻƻŘ ƻǊ ŀƴƛƳŀƭ ŦŜŜŘ ǇǳǊǇƻǎŜǎΦ 

DǊŀǎǎŜǎ όƻǊ ǎƻπŎŀƭƭŜŘ ŜƴŜǊƎȅ ƎǊŀǎǎŜǎύ Řƻ ƴƻǘ ŘƛũŜǊ ǎǘǊƻƴƎƭȅ 

ǊŜƎŀǊŘƛƴƎ ŎǳƭǝǾŀǝƻƴ ŀǎǇŜŎǘǎ ŀƴŘ Ŏŀƴ ōŜ ǎǳōǎǳƳŜŘ ōǳǘ 

ŘƛǎǝƴƎǳƛǎƘŜŘ ŦǊƻƳ ǿƻƻŘȅ ŎǊƻǇǎ όŜΦƎΦ {w/ύ ŦƻǊ ǘƘŜ ŀƭƭƻŎŀǝƻƴ 

ŀǎǎŜǎǎƳŜƴǘΦ 

CƻǊ ǘƘŜ !ƭƭƻŎŀǝƻƴ DǳƛŘŜ όƭŀŘŘŜǊύΣ ǘƘŜȅ ōŜƭƻƴƎ ǘƻ ƻƴŜ ŎŀǘŜƎƻǊȅ {w/ 

ŦƻǊ ǎƛƳǇƭƛŬŎŀǝƻƴΦ 

 {w/ 

Ŧŀǎǘ ƎǊƻǿƛƴƎ ǘǊŜŜǎ 

tƻǇƭŀǊ 

²ƛƭƭƻǿ 

wƻōƛƴƛŀ 

9ǳŎŀƭȅǇǘǳǎ ό9ǳǊƻǇŜŀƴ 

.ƛƻƳŀǎǎ LƴŘǳǎǘǊȅ 

!ǎǎƻŎƛŀǝƻƴΣ нлнрύ 

tŜǊŜƴƴƛŀƭ ŎǳƭǝǾŀǝƻƴ ƻŦ ŦŀǎǘπƎǊƻǿƛƴƎ ǘǊŜŜ ǎǇŜŎƛŜǎ ǘƘŀǘ ǘƻŘŀȅ Ƴƻǎǘƭȅ 

ǇǊƻǾƛŘŜ ǿƻƻŘȅ ōƛƻƳŀǎǎ ŦƻǊ ŜƴŜǊƎȅ ǳǎŜΣ ōǳǘ Ŏŀƴ ŀƭǎƻ ǎŜǊǾŜ ŀǎ ŀ Ǌŀǿ 

ƳŀǘŜǊƛŀƭ ŦƻǊ ƻǘƘŜǊ ǇǳǊǇƻǎŜǎ όŎƘŜƳƛŎŀƭǎΣ ŬōǊŜǎΣ ŜǘŎΦύΦ {w/ ǊŜǉǳƛǊŜǎ 

ǾŜǊȅ ƭƻǿ ƛƴǇǳǘ όŦŜǊǝƭƛǎŜǊ Ƨǳǎǘ ŀǘ ǘƘŜ ǎǘŀǊǘΣ ƴƻ ǇŜǎǝŎƛŘŜǎύΦ 

hƴƭȅ ŀ ŦŜǿ ǘǊŜŜ ǎǇŜŎƛŜǎ ƘŀǾŜ ōŜŜƴ ǳǎŜŘ ŦƻǊ ǘƘƛǎ ǘȅǇŜ ƻŦ ŎǳƭǝǾŀǝƻƴ 

ǎƻ ŦŀǊΦ ! ŘƛũŜǊŜƴǝŀǝƻƴ ƻŦ {w/ ƛǎ ƴƻǘ ŎǳǊǊŜƴǘƭȅ ƴŜŎŜǎǎŀǊȅ ŀƴŘΣ ŦƻǊ 

ǎƛƳǇƭƛŬŎŀǝƻƴ ǇǳǊǇƻǎŜǎΣ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ƻƴŜ ŎŀǘŜƎƻǊȅ ŦƻǊ ǘƘŜ 

ŀƭƭƻŎŀǝƻƴ ŀǎǎŜǎǎƳŜƴǘ ό9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΣ нлнпŎύΦ 

CƻǊ ǘƘŜ !ƭƭƻŎŀǝƻƴ DǳƛŘŜ όƭŀŘŘŜǊύΣ ǘƘŜȅ ōŜƭƻƴƎ ǘƻ ƻƴŜ ŎŀǘŜƎƻǊȅ {w/ 

ŦƻǊ ǎƛƳǇƭƛŬŎŀǝƻƴΦ 

!ƎǊƛŎǳƭǘǳǊŀƭ ǊŜǎƛŘǳŜǎ 

IŀǊǾŜǎǘ ǊŜǎƛŘǳŜǎ {ǘǊŀǿ  

/ŜǊŜŀƭ ǎǘǊŀǿ 

²ƘŜŀǘ 

wȅŜΣ 

.ŀǊƭŜȅ 

ŜǘŎΦ 

5ǊȅΣ ǎǘŀƭƪȅ ǊŜǎƛŘǳŜ ƻŦ ŎŜǊŜŀƭ ŎǊƻǇǎΣ ƭŜƊ ŀƊŜǊ ǘƘŜ ƎǊŀƛƴ Ƙŀǎ ōŜŜƴ 

ƘŀǊǾŜǎǘŜŘΦ Lǘ ǇǊƛƳŀǊƛƭȅ Ŏƻƴǎƛǎǘǎ ƻŦ ǘƘŜ ǎǘŀƭƪǎ ŀƴŘ ƭŜŀǾŜǎ ƻŦ ǘƘŜ ǇƭŀƴǘΦ 

/ŜǊŜŀƭ ǎǘǊŀǿ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ƘŀǾŜ ǾŜǊȅ ƭŀǊƎŜ ǇƻǘŜƴǝŀƭΣ ŀǎ ƛǘ ƛǎ 

ǇǊƻŘǳŎŜŘ ƛƴ ƘƛƎƘ ǉǳŀƴǝǝŜǎ ōǳǘ Ƙŀǎ ǎƻ ŦŀǊ ƻƴƭȅ ōŜŜƴ ǳǎŜŘ ŦƻǊ 

ǎǇŜŎƛŀƭƛǎŜŘ ǇǳǊǇƻǎŜǎ όŜΦƎΦ ōŜŘŘƛƴƎ ƛƴ ŀƴƛƳŀƭ ƘǳǎōŀƴŘǊȅ ƻǊ ŀǎ ŀ 

ƳŀǘŜǊƛŀƭύΦ Lǘ ǎƘƻǳƭŘ ǘƘŜǊŜŦƻǊŜ ŀƭǿŀȅǎ ōŜ ŎŀǘŜƎƻǊƛǎŜŘ ŀǎ ŦŜŜŘǎǘƻŎƪΦ 

CǳǊǘƘŜǊ ŘƛũŜǊŜƴǝŀǝƻƴ όōȅ ŎŜǊŜŀƭ ǘȅǇŜύ ƛǎ ƴƻǘ ƴŜŎŜǎǎŀǊȅΣ ŀǎ ǘƘƛǎ ƛǎ 

ƴƻǘ ǊŜƭŜǾŀƴǘ ŦƻǊ ǳǝƭƛǎŀǝƻƴ όƴŜƛǘƘŜǊ ŦƻǊ ŘƛǊŜŎǘ ŜƴŜǊƎȅ ǳǎŜ ƴƻǊ ŀƊŜǊ 

ǇǊƻŎŜǎǎƛƴƎ ǘƘŜ ƭƛƎƴƻŎŜƭƭǳƭƻǎŜ ŦƻǊ ǾŀǊƛƻǳǎ ŀǇǇƭƛŎŀǝƻƴǎύΦ 

CƻǊ ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ǎǘǳŘȅΣ !ƎƻǊŀ Ƙŀǎ ǊƻǳƎƘƭȅ ŜǎǝƳŀǘŜŘ ǘƘŜ 

ǎǳǎǘŀƛƴŀōƭŜ ǇƻǘŜƴǝŀƭ ŦƻǊ ŦŜŜŘǎǘƻŎƪ ŦƻǊ ƳŀǘŜǊƛŀƭǎ ǘƻ ол҈ ƻŦ ǘƘŜ 

ƻǾŜǊŀƭƭ ǘŜŎƘƴƛŎŀƭ ǇƻǘŜƴǝŀƭΣ ƛƴ ƻǊŘŜǊ ǘƻ ǘŀƪŜ ƛƴǘƻ ŀŎŎƻǳƴǘ ŎǳǊǊŜƴǘ 

ǳǎŀƎŜΣ ƘǳƳǳǎ ōŀƭŀƴŎŜ ŀƴŘ ǎƻƛƭ ŜǊƻǎƛƻƴ ŎƻƴǘǊƻƭΦ  

[ŜŀǾŜǎ ŜǘŎΦ {ǳƎŀǊ ōŜŜǘ 

ŜǘŎΦ 

IŜǊōŀŎŜƻǳǎ ǊŜƳŀƛƴǎ ƻŦ ǘƘŜ ōŜŜǘ Ǉƭŀƴǘ ŀƊŜǊ ŎǳǩƴƎ ƻũ ǘƘŜ ǘǳǊƴƛǇ bƻǘ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ŜƴŜǊƎȅ ƻǊ ƳŀǘŜǊƛŀƭ ǳǎŜ ƛƴ ǘƘƛǎ ǎǘǳŘȅΦ !ƭǘƘƻǳƎƘ ƛǘ 

ǿƻǳƭŘ ƳŀƪŜ ǎŜƴǎŜ ŀǎ ŀ ŎŀǘŜƎƻǊȅ ƻŦ ƘŀǊǾŜǎǘ ǊŜǎƛŘǳŜǎ ŀƭƻƴƎǎƛŘŜ 

ŎŜǊŜŀƭ ǎǘǊŀǿΣ ǘƘŜ ŦŜŜŘǎǘƻŎƪ ǇƻǘŜƴǝŀƭ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ƳƛƴƻǊ ŀƴŘ 

ǿƻǳƭŘ ōŜ ǎǳƛǘŀōƭŜ ŦƻǊ ōƛƻƎŀǎ ǇǊƻŘǳŎǝƻƴ ŀǘ ōŜǎǘΦ 

aŀƴǳǊŜ ²Ŝǘ ƳŀƴǳǊŜ 

όǎƭǳǊǊȅύ 

/ŀǧƭŜ 

{ǿƛƴŜ 

/ƘƛŎƪŜƴ 

ŜǘŎΦ 

/ƻƭƭŜŎǘŜŘ ŜȄŎǊŜƳŜƴǘǎ ƻŦ ǎǘŀōƭŜŘ ŀƴƛƳŀƭǎ ƛƴŎƭǳŘƛƴƎ ŦŀŜŎŜǎ ŀƴŘ 

ǳǊƛƴŜ 

¢ƘŜ ōŜǎǘ ǿŀȅ ǘƻ ŘƛǎǇƻǎŜ ƻŦ ƳŀƴǳǊŜ ƛǎ ǘƻ ǇǊƻŘǳŎŜ ōƛƻƎŀǎΦ IƻǿŜǾŜǊΣ 

ǘƘŜ ōƛƻƎŀǎ ȅƛŜƭŘǎ ǾŀǊȅ ƎǊŜŀǘƭȅ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǘȅǇŜ ƻŦ ƳŀƴǳǊŜ 

όŀƴƛƳŀƭ ǎǇŜŎƛŜǎΣ ǿŜǘκŘǊȅύΦ  

CƻǊ ǘƘŜ ǇǳǊǇƻǎŜǎ ƻŦ ǘƘƛǎ ǎǘǳŘȅ όƛΦŜΦ ŦƻǊ ǘƘŜ ǉǳŜǎǝƻƴ ƻŦ ŀƭƭƻŎŀǝƻƴύΣ ƛǘ 

ƛǎ ƴƻǘ ǳǎŜŦǳƭ ǘƻ ƳŀƪŜ ŀ ŘƛǎǝƴŎǝƻƴΣ ǎƛƴŎŜ ŀǇŀǊǘ ŦǊƻƳ ǘƘŜ ȅƛŜƭŘ 

ŦŀŎǘƻǊǎΣ ƻƴƭȅ ƻƴŜ ǳǝƭƛǎŀǝƻƴ ǇŀǘƘ ŜȄƛǎǘǎ όǘƘŜ ŘƛũŜǊŜƴǘ ǳǎŜǎ ƻŦ 

ōƛƻƎŀǎκƳŜǘƘŀƴŜ ŀǊŜ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ ǘƘŜ ǘȅǇŜ ƻŦ ƳŀƴǳǊŜύΦ 

{ƻƭƛŘ ƳŀƴǳǊŜ /ŀǧƭŜ  

/ƘƛŎƪŜƴ 

ŜǘŎΦ 

/ƻƭƭŜŎǘŜŘ ŜȄŎǊŜƳŜƴǘǎ ƻŦ ǎǘŀōƭŜŘ ŀƴƛƳŀƭǎ ƛƴŎƭǳŘƛƴƎ ŦŀŜŎŜǎ ŀƴŘ 

ǳǊƛƴŜ ƳƛȄŜŘ ǿƛǘƘ ōŜŘŘƛƴƎ ƳŀǘŜǊƛŀƭ ŀƴŘ ŎƻƳƳƻƴƭȅ Ƙŀǎ ŀ ŘǊȅ ƳŀǧŜǊ 

ŎƻƴǘŜƴǘ ƻŦ ƳƻǊŜ ǘƘŀƴ мр҈ 
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ςςςςςςςςςςςςςςςς 
17 Commission Delegated Directive (EU) 2024/1405 of 14 March 2024 amending Annex IX to Directive (EU) 2018/2001 of the European Parliament and of the Council as regards adding 
feedstock for the production of biofuels and biogas: https://eur-lex.europa.eu/eli/dir_del/2024/1405/oj  

.ƛƻƳŀǎǎ ǘȅǇŜ tǊƻŘǳŎǘ ǘȅǇŜ {ǇŜŎƛŜǎ  5ŜŬƴƛǝƻƴ Iƻǿ ǘƻ ƘŀƴŘƭŜ ŦƻǊ ǘƘƛǎ ǘŀǎƪ 

[ŀƴŘǎŎŀǇŜ 

ƳŀǘŜǊƛŀƭ 

IŜǊōŀŎŜƻǳǎ ŀƴŘ 

ǿƻƻŘȅ ƳŀǘŜǊƛŀƭ 

{ƘǊǳōǎΣ ƘŜǊōǎ ŜǘŎΦ aŀǘŜǊƛŀƭ ŦǊƻƳ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ƭŀƴŘǎŎŀǇŜ ŜƭŜƳŜƴǘǎ ǿƘƛŎƘ ŀǊŜ 

ŜƳōŜŘŘŜŘ ƻƴ ŀǊŀōƭŜ ƭŀƴŘ όƘŜŘƎŜǊƻǿǎ ŜǘŎΦύΦŀƴŘ ǿƘƛŎƘ ŀǊŜ ƴƻǘ 

ǎǳƛǘŀōƭŜ ŦƻǊ ŀƴƛƳŀƭ ŦŜŜŘΦ 

!ǎ ŀ ƭƛƎƴƻŎŜƭƭǳƭƻǎƛŎ ƳŀǘŜǊƛŀƭΣ ƛǘ Ŏŀƴ ōŜ ǳǎŜŘ ŦƻǊ ōƛƻƎŀǎ όǇŀǊǘƭȅ ǿƛǘƘ 

ƘȅŘǊƻƭȅǎƛǎκŦŜǊƳŜƴǘŀǝƻƴύ ōǳǘ ŀƭǎƻ ŦƻǊ ƎŀǎƛŬŎŀǝƻƴΦ  

Lƴ ǘƘŜ ǎǘǳŘȅΣ ƭŀƴŘǎŎŀǇŜ ƳŀǘŜǊƛŀƭ ŦǊƻƳ ƳǳƴƛŎƛǇŀƭƛǝŜǎ ŀƴŘ 

ŀƎǊƛŎǳƭǘǳǊŜ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ƻƴŜ ŎŀǘŜƎƻǊȅ ƻŦ ŦŜŜŘǎǘƻŎƪ ŦǊƻƳ ǘǿƻ 

ǎƻǳǊŎŜǎ ŀƴŘ ŀŎŎƻǳƴǘŜŘ ŦƻǊ ǳƴŘŜǊ !ƎǊƛŎǳƭǘǳǊŀƭ ǊŜǎƛŘǳŜǎΦ 

/ŀǘŎƘ ŎǊƻǇǎ /ŀǘŎƘ ŎǊƻǇǎ 

ƻƛƭ Ǉƭŀƴǘǎ 

 

/ŀƳŜƭƛƴŀ 

[ŜƎǳƳƛƴƻǎŀŜ 

CƛŜƭŘ ƳǳǎǘŀǊŘ 

 

{ƘƻǊǘ ŎǳƭǝǾŀǝƻƴ ŎȅŎƭŜ ōŜǘǿŜŜƴ ǊŜƎǳƭŀǊ ŎǊƻǇǎΣ ŜΦƎΦ ŀǎ ǿƛƴǘŜǊ 

ǎƻǿƛƴƎΣ ǳǎǳŀƭƭȅ ǿƛǘƘ ǘƘŜ ŀƛƳ ƻŦ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ǎƻƛƭ ŀƴŘ ōǊƛŘƎƛƴƎ 

ƭƻƴƎŜǊ ǇŜǊƛƻŘǎ ƻŦ ōŀǊŜ ǎƻƛƭΣ ŀƴŘ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴǘƻ ǘƘŜ 

ǎƻƛƭΦ /ŀǘŎƘ ŎǊƻǇǎ Ŏŀƴ ŀƭǎƻ ōŜ ƘŀǊǾŜǎǘŜŘ ŀǎ ōƛƻƳŀǎǎ ŀƴŘ ǳǎŜŘ ŦƻǊ 

ǾŀǊƛƻǳǎ ŜƴŜǊƎȅ ŀƴŘ ƳŀǘŜǊƛŀƭ ǇǳǊǇƻǎŜǎ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŎǊƻǇΩǎ 

ǘȅǇŜ ŀƴŘ ȅƛŜƭŘ ǊŀǘŜΦ 

/ŀǘŎƘ ŎǊƻǇǎ Řƻ ƴƻǘ ǊŜǉǳƛǊŜ ŀŘŘƛǝƻƴŀƭ ƭŀƴŘΣ ƛΦŜΦ ǘƘŜȅ Řƻ ƴƻǘ 

ŎƻƳǇŜǘŜ ǿƛǘƘ ŦƻƻŘ ƻǊ ŦŜŜŘ ŎǊƻǇǎΦ 

/ŀǘŎƘ ŎǊƻǇǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ōŜƛƴƎ ŘƛǎŎǳǎǎŜŘ ŀǎ ŦŜŜŘǎǘƻŎƪ ŦƻǊ ƭƛǉǳƛŘ 

ōƛƻŦǳŜƭǎ ƻǊ ōƛƻƎŀǎΦ ¢ƘŜ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ 5ƛǊŜŎǝǾŜ όw95ύ ŀǎǎƛƎƴǎ 

ǎǳŎƘ ŎǊƻǇǎ ŀǎ ǎǳƛǘŀōƭŜ ŦŜŜŘǎǘƻŎƪǎ ǘƻ ǇǊƻŘǳŎŜ ŀŘǾŀƴŎŜŘ ōƛƻŦǳŜƭǎΦ 

¢Ƙƛǎ ŎƭŀǎǎƛŬŎŀǝƻƴ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜȅ ǎǘŀƴŘ ŦƻǊ ƛƳǇǊƻǾŜŘ 

ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊŀŎǝŎŜ ŀƴŘ Řƻ ƴƻǘ ǊŜǉǳƛǊŜ ŀŘŘƛǝƻƴŀƭ ƭŀƴŘΦ  

Lƴ ǇǊƛƴŎƛǇƭŜΣ ŀƭƭ ǎƻǊǘǎ ƻŦ ŎŀǘŎƘ ŎǊƻǇǎ ŀǊŜ ǎǳƛǘŀōƭŜ ŦƻǊ ōƛƻƎŀǎ 

ǇǊƻŘǳŎǝƻƴΣ ǿƛǘƘ ŘƛũŜǊƛƴƎ ȅƛŜƭŘ ǊŀǘŜǎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŬǘǎΦ 

/ŜǊǘŀƛƴ ƻƛƭ Ǉƭŀƴǘǎ Ŏŀƴ ōŜ ƎǊƻǿƴ ŀǎ ŎŀǘŎƘ ŎǊƻǇǎ όŜΦƎΦ ŎŀƳŜƭƛƴŀύ ŀƴŘ 

ŀǊŜ ŎǳǊǊŜƴǘƭȅ ŎƭŀǎǎƛŬŜŘ ǳƴŘŜǊ ǘƘŜ w95 ŀǎ ŀŘǾŀƴŎŜŘ ōƛƻŦǳŜƭǎ ŦƻǊ ǳǎŜ 

ƛƴ ŀǾƛŀǝƻƴ ƻƴƭȅ17Φ  

/ŀǘŎƘ ŎǊƻǇǎ Ŏŀƴ ŀƭǎƻ ǇǊƻǾƛŘŜ ŦƻǊ ƭƛƎƴƻŎŜƭƭǳƭƻǎƛŎ ŦŜŜŘǎǘƻŎƪǎ ŦƻǊΣ 

ŜΦƎΦΣ ǘƘŜ ŎƘŜƳƛŎŀƭ ǎŜŎǘƻǊΦ CƻǊ ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ǎǘǳŘȅΣ ŀ ǘŜŎƘƴƛŎŀƭ 

ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ ǇƻǘŜƴǝŀƭ ŦƻǊ ŎŀǘŎƘ ŎǊƻǇ ŎǳƭǝǾŀǝƻƴ ƛƴ ǘƘŜ 9¦ ǿŀǎ 

ŜǎǝƳŀǘŜŘΦ  

/ŀǘŎƘ ŎǊƻǇǎ ŀǊŜ ǘǊŜŀǘŜŘ ŀǎ ƻƴŜ ŎŀǘŜƎƻǊȅ ŀƴŘ ŀǎǎŜǎǎŜŘ ǳƴŘŜǊ ǘƘŜ 

ōƛƻƎŀǎκōƛƻƳŜǘƘŀƴŜ ǊƻǳǘŜǎ ŦƻǊ ŜƴŜǊƎȅ ŀƴŘ ƳŀǘŜǊƛŀƭ ǳǎŜǎ ŦƻǊ 

ǎƛƳǇƭƛŬŎŀǝƻƴΦ IƻǿŜǾŜǊΣ ƻǘƘŜǊ ŜƴŘ ǳǎŜǎ ŀǎ ƳŜƴǝƻƴŜŘ ŀōƻǾŜΣ ŀǊŜ 

ŜȄǇƭƻǊŜŘ ŀƴŘ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘŜ ǊŜǇƻǊǘΦ 

 

https://eur-lex.europa.eu/eli/dir_del/2024/1405/oj
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hǘƘŜǊ ǿŀǎǘŜ ƻǊ ǊŜǎƛŘǳŜǎ 

tǊƻŎŜǎǎ ǿŀǎǘŜǎ 

ŦǊƻƳ ƛƴŘǳǎǘǊȅ 

LƴŘǳǎǘǊƛŀƭ ŦƻƻŘ 

ǿŀǎǘŜ18 

!ƴƛƳŀƭ Ŧŀǘ 

.Ǌƻǿƴ ƎǊŜŀǎŜ 

hǾŜǊŘǳŜ ŦƻƻŘ 

ŜǘŎΦ 

!ƴƛƳŀƭ Ŧŀǘ όǘŀƭƭƻǿύ ƛǎ ŜȄǘǊŀŎǘŜŘ Ŧŀǘ ŦǊƻƳ ǊŜƴŘŜǊŜŘ ǝǎǎǳŜ Ŧŀǘǎ ŦǊƻƳ 

ƭƛǾŜǎǘƻŎƪ ŀƴƛƳŀƭǎΤ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ wŜƎǳƭŀǝƻƴ ό9/ύ bƻ 

млсфκнллф ǘƘŜǊŜ ŀǊŜ о ŎŀǘŜƎƻǊƛŜǎΤ ŎŀǘŜƎƻǊȅ м ŀƴŘ н ŀǎǎƛƎƴ ƘƛƎƘπǊƛǎƪ 

ƳŀǘŜǊƛŀƭǎ ƴƻǘ ƛƴǘŜƴŘŜŘ ŦƻǊ ƘǳƳŀƴ ƻǊ ŀƴƛƳŀƭ ŎƻƴǎǳƳǇǝƻƴΣ 

ǊŜǉǳƛǊƛƴƎ ŘƛũŜǊŜƴǘ ŘƛǎǇƻǎŀƭ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ƳŜǘƘƻŘǎΦ /ŀǘŜƎƻǊȅ м 

ƛƴŎƭǳŘŜǎ ǘƘŜ ƘƛƎƘŜǎǘ Ǌƛǎƪ ƳŀǘŜǊƛŀƭǎ ƭƛƪŜ ǘƘƻǎŜ ǿƛǘƘ ǘǊŀƴǎƳƛǎǎƛōƭŜ 

ǎǇƻƴƎƛŦƻǊƳ ŜƴŎŜǇƘŀƭƻǇŀǘƘƛŜǎ ό¢{9ǎύΦ 

.Ǌƻǿƴ ƎǊŜŀǎŜ ƳŜŀƴǎ ƛƴǘŜǊŎŜǇǘƻǊ Ŧŀǘ ŦǊƻƳ Ŧŀǘ ƻǊ ƻƛƭ ǘǊŀǇǎΤ ōǊƻǿƴ 

ƎǊŜŀǎŜ Ŏƻƴǘŀƛƴǎ ŀ ƘƛƎƘ ǊŀǘŜ ƻŦ ŦǊŜŜ Ŧŀǧȅ ŀŎƛŘ ƭŜǾŜƭǎ όҔ мр҈ύΦ 

¢ƘŜǎŜ ǿŀǎǘŜǎ Ŏŀƴ ǾŀǊȅ ǿƛŘŜƭȅΣ ǿƘƛŎƘ Ƙŀǎ ŀƴ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ǇƻǎǎƛōƭŜ 

ǳǎŜǎΦ Cŀǧȅ ǿŀǎǘŜǎ Ŏŀƴ ōŜ ǳǎŜŘ ŦƻǊ ǾŀǊƛƻǳǎ ƳŀǘŜǊƛŀƭ ŀǇǇƭƛŎŀǝƻƴǎ ƻǊ 

ŎƻƴǾŜǊǘŜŘ ƛƴǘƻ ōƛƻŦǳŜƭǎΦ aƻǎǘ ƻŦ ǘƘŜ ƻǘƘŜǊ ǿŀǎǘŜǎ ƛƴ ǘƘƛǎ ƎǊƻǳǇ 

ŀǊŜ ǳǎǳŀƭƭȅ ƻƴƭȅ ǎǳƛǘŀōƭŜ ŦƻǊ ōƛƻƎŀǎ ǇǊƻŘǳŎǝƻƴΦ ¢ƘŜǊŜŦƻǊŜΣ ŀ 

ŘƛǎǝƴŎǝƻƴ ƛǎ ƳŀŘŜ ōŜǘǿŜŜƴ ǎƻƭƛŘ ŀƴŘ ƻǘƘŜǊ ǿŀǎǘŜǎ ƛƴ ǘƘƛǎ 

ŎŀǘŜƎƻǊȅΦ 

¢ƘŜ ǎƻƭƛŘǎ ŀƴƛƳŀƭ Ŧŀǘ ŀƴŘ ōǊƻǿƴ ƎǊŜŀǎŜ ŀǊŜ ǎŜƭŜŎǘŜŘ ŦƻǊ ǘƘŜ 

ŀǎǎŜǎǎƳŜƴǘ ŀƴŘ ŎƻƳǇŀǊŜŘ ǘƻ ǳǎŜŘ ŎƻƻƪƛƴƎ ƻƛƭ ό¦/hύΦ 

¦/h ŀƴŘ ŀƴƛƳŀƭ Ŧŀǘ όǎŜŜ ōŜƭƻǿύ ŀǊŜ ǎǇŜŎƛŬŎŀƭƭȅ ƭƛǎǘŜŘ ƛƴ ǘƘŜ w95 

ǳƴŘŜǊ !ƴƴŜȄ L· tŀǊǘ . ŀƴŘ ŀǊŜ ǊŜƭŜǾŀƴǘ ŦŜŜŘǎǘƻŎƪ ŦƻǊ ŜΦƎΦ ōƛƻŦǳŜƭǎ 

ǘƻŘŀȅΦ hǘƘŜǊ ǊŜǎƛŘǳŀƭ Ŧŀǘǎ ŀƴŘ ƻƛƭǎ ƻŦ ǎƛƳƛƭŀǊ ŎƻƳǇƻǎƛǝƻƴΣ ǎǳŎƘ ŀǎ 

ōǊƻǿƴ ƎǊŜŀǎŜΣ ŀǊŜ ŀǎǎƛƎƴŜŘ ǘƻ ǘƘŜ ŎŀǘŜƎƻǊȅ όŘύ ƻŦ !ƴƴŜȄ L·Σ tŀǊǘ 

!19 ƛƴ ǇǊŀŎǝŎŀƭ ŎŀǎŜǎΦ IƻǿŜǾŜǊΣ ŘǳŜ ǘƻ ǘƘŜ ǎƛƳƛƭŀǊƛǘȅ ƻŦ ǘƘŜ 

ǎǳōǎǘŀƴŎŜǎ ŀƴŘ ǘƘŜ ǎŀƳŜ ǇǊƻŎŜǎǎƛƴƎ ŀƴŘ ǳǎŀƎŜ ƻǇǝƻƴǎΣ ǘƘŜǎŜ Ŧŀǘǎ 

ŀƴŘ ƻƛƭǎ ŀǊŜ ƛƴŎƭǳŘŜŘ ǳƴŘŜǊ ǘƘŜ ŎŀǘŜƎƻǊȅ ¦/hκŀƴƛƳŀƭ Ŧŀǘ ŦƻǊ ǘƘƛǎ 

ŀǎǎŜǎǎƳŜƴǘ 

²ŀǎǘŜǎ ŦǊƻƳ tŀǇŜǊ 

ƛƴŘǳǎǘǊȅ 

.ƭŀŎƪ ƭƛǉǳƻǊ 

tŀǇŜǊ ǎƭǳŘƎŜ 

¢ŀƭƭ ƻƛƭΣ ǘŀƛƭ ƻƛƭ ǇƛǘŎƘ 

ŜǘŎΦ  

.ƭŀŎƪ ƭƛǉǳƻǊ ƛǎ ǘƘŜ ōȅπǇǊƻŘǳŎǘ ŦǊƻƳ ǘƘŜ ƪǊŀƊ ǇǊƻŎŜǎǎ ǿƘŜƴ 

ŘƛƎŜǎǝƴƎ ǇǳƭǇǿƻƻŘ ƛƴǘƻ ǇŀǇŜǊ ǇǳƭǇ ǊŜƳƻǾƛƴƎ ƭƛƎƴƛƴ ŀƴŘ 

ƘŜƳƛŎŜƭƭǳƭƻǎŜǎ ŦǊƻƳ ǘƘŜ ǿƻƻŘ ǘƻ ǇǳǊƛŦȅ ǘƘŜ ŎŜƭƭǳƭƻǎŜ ŬōǊŜǎΦ 

¢ŀƭƭ ƻƛƭ ƛǎ ŀƴƻǘƘŜǊ ōȅπǇǊƻŘǳŎǘ ƻŦ ǘƘŜ ƪǊŀƊ ǇǊƻŎŜǎǎ Ƴŀƛƴƭȅ ǿƘŜƴ 

ǇǳƭǇƛƴƎ ŎƻƴƛŦŜǊƻǳǎ ǘǊŜŜǎΣ Ƴƻǎǘƭȅ ŎƻƳǇƻǎŜŘ ƻŦ ǊŜǎƛƴ ŀŎƛŘǎΦ 

¢ƘŜ ǇŀǇŜǊ ƛƴŘǳǎǘǊȅ ƛǎ ŀ ƳŀƧƻǊ ŜŎƻƴƻƳƛŎ ǎŜŎǘƻǊ ƻŦ ǘƘŜ ōƛƻŜŎƻƴƻƳȅΦ 

Lǘ Ƙŀǎ ōŜŜƴ ƳŀƴŀƎƛƴƎ ŀƴŘ ǳǎƛƴƎ ƛǘǎ ƻǿƴ ǿŀǎǘŜΣ ǎǳŎƘ ŀǎ ōƭŀŎƪ 

ƭƛǉǳƻǊΣ ŦƻǊ ŀ ƭƻƴƎ ǝƳŜΦ 5ǳŜ ǘƻ ǘƘŜ ǊŜƭŜǾŀƴŎŜ ƻŦ ǘƘŜ ǉǳŀƴǝǝŜǎ ŀƴŘ 

ǘƘŜ ŎǳǊǊŜƴǘ ǇǊŀŎǝŎŜ ƻŦ ƻƴπǎƛǘŜ ǳǎŜ ƻŦ ƻǿƴ ǿŀǎǘŜΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ 

ŘƛǎǝƴƎǳƛǎƘ ǘƘƛǎ ƳŀǘŜǊƛŀƭ ŦǊƻƳ ƻǘƘŜǊǎΦ 

²ŀǎǘŜǎ ŦǊƻƳ 

ǿŀǎǘŜǿŀǘŜǊ 

ǘǊŜŀǘƳŜƴǘ 

{ŜǿŀƎŜ ǎƭǳŘƎŜ 

Cŀǘǎ  

ŜǘŎΦ 

{ŜƳƛπǎƻƭƛŘ ƻǊ ƭƛǉǳƛŘ ǊŜǎƛŘǳŜ ƭŜƊ ƻǾŜǊ ŦǊƻƳ ǘǊŜŀǝƴƎ ŘƻƳŜǎǝŎ ŀƴŘ 

ƛƴŘǳǎǘǊƛŀƭ ǿŀǎǘŜǿŀǘŜǊ ŀǘ ŀ ǘǊŜŀǘƳŜƴǘ ǇƭŀƴǘΦ Lǘ Ŏŀƴ Ŏƻƴǘŀƛƴ ƴǳǘǊƛŜƴǘǎ 

ƭƛƪŜ ƴƛǘǊƻƎŜƴ ŀƴŘ ǇƘƻǎǇƘƻǊǳǎΣ ōǳǘ ŀƭǎƻ ŎƻƴǘŀƳƛƴŀƴǘǎ ƭƛƪŜ ƘŜŀǾȅ 

ƳŜǘŀƭǎΣ ǇŀǘƘƻƎŜƴǎΣ ŀƴŘ ŎƘŜƳƛŎŀƭǎΦ  

{ŜǿŀƎŜ ǎƭǳŘƎŜ ƛǎ ǇǊƻŘǳŎŜŘ ǿƘŜǊŜǾŜǊ ŀŘǾŀƴŎŜŘ ǿŀǎǘŜǿŀǘŜǊ 

ǘǊŜŀǘƳŜƴǘ ƛǎ ƛƴ ǇƭŀŎŜΦ ¢Ƙƛǎ ǿŀǎǘŜ ǊŜǇǊŜǎŜƴǘǎ ŀ ǎƛƴƪ ŦƻǊ ŀƭƭ 

Ǉƻƭƭǳǘŀƴǘǎ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ǿŀǎǘŜǿŀǘŜǊ ŀƴŘ Ƴǳǎǘ ǘƘŜǊŜŦƻǊŜ ōŜ 

ŘƛǎǇƻǎŜŘ ƻŦ ǎŀŦŜƭȅ ŀƴŘ ǇǊƻǇŜǊƭȅ ŀǎ ŀ ƳŀǧŜǊ ƻŦ ǇǊƛƻǊƛǘȅΦ ¢Ƙƛǎ ŘƻŜǎ 

ƴƻǘ ǇǊŜŎƭǳŘŜ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ōƛƻƎŀǎ ŀƴŘ ǎǳōǎŜǉǳŜƴǘ 

ƛƴŎƛƴŜǊŀǝƻƴ ƻŦ ǘƘŜ ŘƛƎŜǎǘŜŘ ǎƭǳŘƎŜΦ Lǘ ƳŀƪŜǎ ǎŜƴǎŜ ǘƻ ŦƻǊƳ ŀ 

ǎŜǇŀǊŀǘŜ ŎŀǘŜƎƻǊȅ ŦƻǊ ǘƘƛǎΦ IƻǿŜǾŜǊΣ ǘƘŜǊŜ ƛǎ ƴƻ ƴŜŜŘ ǘƻ 

ŘƛǎǝƴƎǳƛǎƘ ōŜǘǿŜŜƴ ƳǳƴƛŎƛǇŀƭ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ǎŜǿŀƎŜ ǎƭǳŘƎŜ ŦƻǊ 

ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ǎǘǳŘȅΦ 

ςςςςςςςςςςςςςςςς 
18 RED III Annex IX Part A (d): Biomass fraction of industrial waste not fit for use in the food or feed chain, including material from retail and wholesale and the agro-food and fish and aquaculture 
industry, and excluding feedstocks listed in part B of this Annex; 

19  

 

.ƛƻƳŀǎǎ ǘȅǇŜ tǊƻŘǳŎǘ ǘȅǇŜ {ǇŜŎƛŜǎ  5ŜŬƴƛǝƻƴ Iƻǿ ǘƻ ƘŀƴŘƭŜ ŦƻǊ ǘƘƛǎ ǘŀǎƪ 



ifeu = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = 47 

.ƛƻƳŀǎǎ ǘȅǇŜ tǊƻŘǳŎǘ ǘȅǇŜ {ǇŜŎƛŜǎ  5ŜŬƴƛǝƻƴ Iƻǿ ǘƻ ƘŀƴŘƭŜ ŦƻǊ ǘƘƛǎ ǘŀǎƪ 

 CǊƻƳ ƻǘƘŜǊ ƛƴŘǳǎǘǊȅ   ¢Ƙƛǎ ƛǎ ŀ ǾŜǊȅ ŘƛǾŜǊǎŜ ŀƴŘ ǎƳŀƭƭπǎŎŀƭŜ ǎƻǳǊŎŜ ƻŦ ōƛƻƳŀǎǎ ƴƻǘ 

ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘƛǎ ǎǘǳŘȅΦ 

/ƻƳƳŜǊŎƛŀƭ 

ǿŀǎǘŜ 

hƛƭǎκŦŀǘǎ 

CǊƻƳ ŦƻƻŘ 

ƎŀǎǘǊƻƴƻƳȅ ŀƴŘ 

ƘƻǳǎŜƘƻƭŘǎ 

 

¦ǎŜŘ ŎƻƻƪƛƴƎ ƻƛƭ 

ό¦/hύ 

ŜǘŎΦ 

±ŜƎŜǘŀōƭŜ ƻƛƭ ƻǊ ŀƴƛƳŀƭ Ŧŀǘ ǘƘŀǘ Ƙŀǎ ōŜŜƴ ǳǎŜŘ ŦƻǊ ŦǊȅƛƴƎ ŀƴŘ ǿƘƛŎƘ 

ƛǎ ƴƻ ƭƻƴƎŜǊ ǎǳƛǘŀōƭŜ ŦƻǊ ŎƻƴǎǳƳǇǝƻƴΦ Lǘ Ŏƻƴǘŀƛƴǎ ƛƳǇǳǊƛǝŜǎ ƛƴ ǘƘŜ 

ŦƻǊƳ ƻŦ ŦƻƻŘ ǇŀǊǝŎƭŜǎΣ Ƙŀǎ ŀƴ ƛƴŎǊŜŀǎŜŘ ŦǊŜŜ Ŧŀǧȅ ŀŎƛŘ ŎƻƴǘŜƴǘ ŀƴŘ 

ƛǎ ƻȄƛŘƛǎŜŘΦ ¦/h ƻǊƛƎƛƴǎ ŦǊƻƳ ŎƻƳƳŜǊŎƛŀƭ ǎƻǳǊŎŜǎ όǊŜǎǘŀǳǊŀƴǘǎΣ 

ƛƴŘǳǎǘǊƛŀƭ ŦƻƻŘ ǇǊƻŎŜǎǎƛƴƎύΣ ŀǎ ǿŜƭƭ ŀǎ ŦǊƻƳ ƘƻǳǎŜƘƻƭŘǎΦ 

¦/h Ŏŀƴ ŀƭǎƻ ōŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ƘƻǳǎŜƘƻƭŘǎΣ ŀǎ ƛǎ ǘƘŜ ŎŀǎŜ ƛƴ ǎƻƳŜ 

9ǳǊƻǇŜŀƴ ŎƻǳƴǘǊƛŜǎΦ LƳǇƻǊǘǎ ŦǊƻƳ !ǎƛŀ ŀƭǎƻ Ǉƭŀȅ ŀ ƳŀƧƻǊ ǊƻƭŜ ǘƻ 

ƳŜŜǘ ǘƘŜ ŎǳǊǊŜƴǘ 9¦ ŘŜƳŀƴŘΦ ¦/hΣ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ŀƴƛƳŀƭ ŦŀǘΣ ƛǎ 

ǎǇŜŎƛŬŎŀƭƭȅ ƭƛǎǘŜŘ ƛƴ ǘƘŜ w95 ǳƴŘŜǊ !ƴƴŜȄ L· tŀǊǘ . ŀƴŘ ƛǎ ŀ 

ǊŜƭŜǾŀƴǘ ŦŜŜŘǎǘƻŎƪ ŦƻǊ ōƛƻŦǳŜƭΦ Lǘ ƛǎ ǘƘŜǊŜŦƻǊŜ ƛƴŘƛŎŀǘŜŘ ǎŜǇŀǊŀǘŜƭȅΦ 

¦ǎŜŘ ǿƻƻŘ ŦǊƻƳ 

ŎƻƴǎǘǊǳŎǝƻƴ ŀƴŘ 

ŘŜƳƻƭƛǝƻƴ 

/ƻƴǎǘǊǳŎǝƻƴ ǿƻƻŘ 

ǿŀǎǘŜ 

²ƻƻŘ ƳŀǘŜǊƛŀƭ ŦǊƻƳ ǘƘŜ ŎƻƭƭŜŎǝƻƴ ƻŦ ōǳƭƪȅ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ǿŀǎǘŜΣ 

ŀǎ ǿŜƭƭ ŀǎ ŎƻƴǘŀƛƴŜǊ ǇŀǊƪǎ ŀƴŘ ŎƻƴǎǘǊǳŎǝƻƴ ǎƛǘŜǎΤ !ŎŎƻǊŘƛƴƎ ǘƻ 

ǉǳŀƭƛǘȅ ŎǊƛǘŜǊƛŀ ŀƴŘ ǘƘŜ ƭŜǾŜƭ ƻŦ ŎƻƴǘŀƳƛƴŀǝƻƴ ǳǎŜŘ ǿƻƻŘ ƛǎ 

ŎƭŀǎǎƛŬŜŘ ƛƴǘƻ ǘƘǊŜŜ ŎŀǘŜƎƻǊƛŜǎΦ  

!ƭƭ ǎƻǊǘǎ ƻŦ ǳǎŜŘ ǿƻƻŘ όƛƴŎƭǳŘƛƴƎ ǳǎŜŘ ǿƻƻŘ ŦǊƻƳ ƳǳƴƛŎƛǇŀƭ 

ŎƻƭƭŜŎǝƻƴύ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ƻƴŜ ŎŀǘŜƎƻǊȅΣ ŀƭǘƘƻǳƎƘ ǘƘŜǊŜ ŀǊŜ 

ŘƛũŜǊŜƴŎŜǎ ƛƴ ǘŜǊƳǎ ƻŦ Ǉƻƭƭǳǝƻƴ ƻǊ ƛƴ ǊŜǎǘǊƛŎǝƴƎ ǘƘŜ ǳǝƭƛǎŀǝƻƴ 

ŘŜǇŜƴŘƛƴƎ ƻƴ ƳŀǘŜǊƛŀƭ ǳǎŜ ƻǊ ǘƘŜ ǘȅǇŜ ƻŦ ŎƻƳōǳǎǝƻƴ Ǉƭŀƴǘ 

όŜǉǳƛǇǇŜŘ ǿƛǘƘ ƘƛƎƘ ǇŜǊŦƻǊƳƛƴƎ ŬƭǘŜǊ ǎȅǎǘŜƳǎ ƻǊ ƴƻǘύΦ  

aǳƴƛŎƛǇŀƭ ǿŀǎǘŜ aƛȄŜŘ ƘƻǳǎŜƘƻƭŘ 

ǿŀǎǘŜ 

wŜǎƛŘǳŀƭ ƘƻǳǎŜƘƻƭŘ 

ǿŀǎǘŜ 

9ƛǘƘŜǊ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ǊŜǎƛŘǳŀƭ ǿŀǎǘŜ ŀƊŜǊ ǎŜǇŀǊŀǘŜ ŎƻƭƭŜŎǝƻƴ ƻŦ 

ōƛƻǿŀǎǘŜ όǘƘŜƴ ǿƛǘƘ ƭƻǿ ōƛƻƳŀǎǎ ŎƻƴǘŜƴǘύ ƻǊ ǿƛǘƘƻǳǘ ǎŜǇŀǊŀǝƻƴ 

όǘƘŜƴ ǘƘŜ ōƛƻƳŀǎǎ ŎƻƴǘŜƴǘ ƛǎ ŎƻƳǇƭŜǘŜƭȅ ƛƴŎƭǳŘŜŘύΦ 

¢ƘŜ ōƛƻƎŜƴƛŎ ŦǊŀŎǝƻƴ ƻŦ ƘƻǳǎŜƘƻƭŘ ǿŀǎǘŜ ƛǎ ŀ ǊŜƭŜǾŀƴǘ ǎƻǳǊŎŜΦ Lǘ 

ƳŀƪŜǎ ǎŜƴǎŜ ǘƻ ŎƻƴǎƛŘŜǊ ƛǘ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ōǳƭƪȅ ǿŀǎǘŜ ŀƊŜǊ ǳǎŜŘ 

ǿƻƻŘ ƛǎ ǎƻǊǘŜŘ ƻǳǘΦ ¢ƘŜƴ ƻƴƭȅ ŦŜǿ ƻǇǝƻƴǎ ŦƻǊ ǳǎŜ ŀǊŜ ǇƻǎǎƛōƭŜ 

όƳƻǎǘƭȅ ƛƴŎƛƴŜǊŀǝƻƴύΦ ¢ƘǳǎΣ ƛǘ ƛǎ ƴƻǘ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘŜ !ƭƭƻŎŀǝƻƴ 

DǳƛŘŜ όƭŀŘŘŜǊύΦ 

{ƻǊǘŜŘ ŦǊŀŎǝƻƴǎ 

ŦǊƻƳ ƘƻǳǎŜƘƻƭŘǎ 

.ƛƻǿŀǎǘŜ 

 

{ŜǇŀǊŀǘŜ ŎƻƭƭŜŎǘŜŘ ŦǊŀŎǝƻƴ ƻŦ ƘƻǳǎŜƘƻƭŘ ǿŀǎǘŜΣ ǊŜǉǳƛǊŜǎ ŀ 

ǎŜǇŀǊŀǘŜ ǿŀǎǘŜ ŎƻƭƭŜŎǝƻƴ ǎȅǎǘŜƳ ƛƴ ƳǳƴƛŎƛǇŀƭƛǝŜǎΤ ¢Ƙƛǎ ǘȅǇŜ ƻŦ 

ǿŀǎǘŜ ƛǎ ƻƊŜƴ ŎƻƳǇƻǎǘŜŘ ŀƴŘ ǘƘŜ ŎƻƳǇƻǎǘ ǳǎŜŘ ƛƴ ŀƎǊƛŎǳƭǘǳǊŜ ƻǊ 

ƘƻǊǝŎǳƭǘǳǊŜΦ Lƴ ǎƻƳŜ ǊŜƎƛƻƴǎΣ ŀƴŀŜǊƻōƛŎ ŘƛƎŜǎǝƻƴΣ ƛΦŜΦ ōƛƻƎŀǎ 

ǇǊƻŘǳŎǝƻƴΣ ƛǎ ǳǎŜŘ ƛƴǎǘŜŀŘ ƻŦ ŎƻƳǇƻǎǝƴƎΦ 

²ƘŜǊŜǾŜǊ ōƛƻπǿŀǎǘŜ ƛǎ ŎƻƭƭŜŎǘŜŘ ǎŜǇŀǊŀǘŜƭȅΣ ƛǘ Ŏŀƴ ōŜ ŀƴ ƛƳǇƻǊǘŀƴǘ 

ǎƻǳǊŎŜ ƻŦ ƳŀǘŜǊƛŀƭ ŦƻǊ ōƛƻƎŀǎ ǇǊƻŘǳŎǝƻƴ Ǿƛŀ ŘƛƎŜǎǝƻƴΦ ¢ƘŜ ƻƴƭȅ 

ŀƭǘŜǊƴŀǝǾŜ ƻǇǝƻƴ ǘƻ ǘǊŜŀǘ ŀƴŘ ǳǎŜ ǘƘŜ ōƛƻǿŀǎǘŜ ŦǊŀŎǝƻƴ ǿƻǳƭŘ ōŜ 

ŀŜǊƻōƛŎ ŎƻƳǇƻǎǝƴƎΦ tǳǘ ǎƛƳǇƭȅΣ ǘƘƛǎ ƻǇǝƻƴ ǿƻǳƭŘ ōŜ ŀƴŀƭƻƎƻǳǎ ǘƻ 

ŘƛƎŜǎǝƻƴ ōǳǘ ǿƛǘƘƻǳǘ ōƛƻƎŀǎ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ǳǝƭƛǎŀǝƻƴΦ DƛǾŜƴ ǘƘŜ 

ƎǊŀƴǳƭŀǊƛǘȅ ƻŦ ǘƘƛǎ ǎǘǳŘȅΣ ǘƘƛǎ ŘƛǎǝƴŎǝƻƴ ŘƻŜǎ ƴƻǘ ȅƛŜƭŘ ǎƛƎƴƛŬŎŀƴǘ 

ŀŘŘƛǝƻƴŀƭ ƻǳǘŎƻƳŜΦ .ƛƻǿŀǎǘŜ ƛǎ ǘƘŜǊŜŦƻǊŜ ƴƻǘ ŎƻƴǎƛŘŜǊŜŘ 

ǎŜǇŀǊŀǘŜƭȅ ƛƴ ǘƘŜ !ƭƭƻŎŀǝƻƴ DǳƛŘŜ όƭŀŘŘŜǊύΦ Lƴ ǘŜǊƳǎ ƻŦ ǘƘŜ ǾŀǊƛƻǳǎ 

ǇƻǎǎƛōƛƭƛǝŜǎ ŦƻǊ ōƛƻƎŀǎ ǳǝƭƛǎŀǝƻƴ όŜƭŜŎǘǊƛŎƛǘȅΣ ǾŀǊƛƻǳǎ ŦƻǊƳǎ ƻŦ 

ƘŜŀǘΣ ǘǊŀƴǎǇƻǊǘ ŦǳŜƭΣ ŎƘŜƳƛŎŀƭǎύΣ ǘƘŜ ǊŜǎǳƭǘ ƘŜǊŜ ŘƻŜǎ ƴƻǘ ŘƛũŜǊ 

ŦǊƻƳ ǘƘŀǘ ƻŦ ƻǘƘŜǊ ōƛƻƎŀǎ ǎƻǳǊŎŜǎΦ 

.ǳƭƪȅ ǿŀǎǘŜ  

 

¦ǎŜŘ ǿƻƻŘ 

.ǳƭƪȅ ǿŀǎǘŜ ƛǎ ŎƻƭƭŜŎǘŜŘ ǎŜǇŀǊŀǘŜƭȅ ŦǊƻƳ ƘƻǳǎŜƘƻƭŘǎΦ Lǘ Ŏƻƴǘŀƛƴǎ 

ǊŜƭŀǝǾŜƭȅ ƘƛƎƘ ǇǊƻǇƻǊǝƻƴǎ ƻŦ ǿƻƻŘ όŦǳǊƴƛǘǳǊŜΣ ŜǘŎΦύΦ 

¦ǎŜŘ ǿƻƻŘ ƛǎ ŀ ŎƻƭƭŜŎǝǾŜ ǘŜǊƳ ŦƻǊ ǾŀǊƛƻǳǎ ǘȅǇŜǎ ƻŦ ǳǎŜŘ ǿƻƻŘΦ ¢Ƙƛǎ 

Ŏŀƴ ƛƴŎƭǳŘŜ ǿŀǎǘŜ ŦǊƻƳ ōǳƛƭŘƛƴƎ ŘŜƳƻƭƛǝƻƴΣ ǿƻƻŘ ŦǊƻƳ 

ŎƻƴǎǘǊǳŎǝƻƴ ǎƛǘŜǎ ƻǊ ǿƻƻŘ ǊŜŎƻǾŜǊŜŘ ŦǊƻƳ ōǳƭƪȅ ǿŀǎǘŜ ŀƊŜǊ 

ǎƻǊǝƴƎΦ 

!ǎ ƳŜƴǝƻƴŜŘ ŀōƻǾŜΣ ǳǎŜŘ ǿƻƻŘ ǎƘƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ƻƴŜ 

ŎŀǘŜƎƻǊȅΦ 

  



48 = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = ifeu  

  

 

.ƛƻƳŀǎǎ ǘȅǇŜ tǊƻŘǳŎǘ ǘȅǇŜ {ǇŜŎƛŜǎ  5ŜŬƴƛǝƻƴ Iƻǿ ǘƻ ƘŀƴŘƭŜ ŦƻǊ ǘƘƛǎ ǘŀǎƪ 

 CǊƻƳ 

ƳǳƴƛŎƛǇŀƭƛǝŜǎ 

DǊŜŜƴ ǿŀǎǘŜ 

[ŀƴŘǎŎŀǇŜ ƳŀǘŜǊƛŀƭ 

DǊŜŜƴ ǿŀǎǘŜ ƛǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ƭŀƴŘǎŎŀǇŜ ƳŀƴŀƎŜƳŜƴǘ ƻǇŜǊŀǝƻƴǎ 

ŀƴŘ ƛƴŎƭǳŘŜǎΣ ōǳǘ ƛǎ ƴƻǘ ƭƛƳƛǘŜŘ ǘƻΣ ƎǊŀǎǎ ŎƭƛǇǇƛƴƎǎΣ ǇƭŀƴǘǎΣ ǎƘǊǳōǎΣ 

ŀƴŘ ǘǊŜŜ ǘǊƛƳƳƛƴƎǎΤ ǘƘŜ ƻǇŜǊŀǝƻƴǎ ŀǊŜ ǇǊŜǎŎǊƛōŜŘΤ ǘƘǳǎΣ ǘƘŜ 

ǉǳŀƴǝǘȅ ŀƴŘ ǘȅǇŜ ƻŦ ƳŀǘŜǊƛŀƭ ŘŜǇŜƴŘ ƻƴ ǘƘƛǎ ŀƴŘ ƛǎ ƻƴƭȅ ǇǊƻŘǳŎŜŘ 

ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜǎΦ 

DǊŜŜƴ ǿŀǎǘŜ Ŏŀƴ ōŜ ŘƛǎǇƻǎŜŘ ƻŦ ǿƛǘƘ ōƛƻǿŀǎǘŜ όǎŜŜ ŀōƻǾŜύΦ Lƴ ǘƘŜ 

ŎŀǎŜ ƻŦ ƭŀƴŘǎŎŀǇŜ ƳŀǘŜǊƛŀƭΣ ƛǘ ƳŀƪŜǎ ŀ ǳǎŜπǊŜƭŀǘŜŘ ŘƛũŜǊŜƴŎŜ 

ǿƘŜǘƘŜǊ ǘƘŜ ƳŀǘŜǊƛŀƭ ƛǎ ǿƻƻŘȅ ƻǊ ƘŜǊōŀŎŜƻǳǎΦ IƻǿŜǾŜǊΣ ōƻǘƘ 

ǘȅǇŜǎ ƻƊŜƴ ƻŎŎǳǊ ŀƴŘ ǘƘŜǊŜ ƛǎ ƘŀǊŘƭȅ ŀƴȅ Řŀǘŀ ǘƻ ŘƛǎǝƴƎǳƛǎƘ 

ōŜǘǿŜŜƴ ǘƘŜƳΦ ¢ƘŜǊŜŦƻǊŜΣ ŦƻǊ ǘƘŜ ǎŀƪŜ ƻŦ ǎƛƳǇƭƛŎƛǘȅΣ ǘƘŜȅ ŀǊŜ 

ƎǊƻǳǇŜŘ ǘƻƎŜǘƘŜǊ ǳƴŘŜǊ ƭŀƴŘǎŎŀǇŜ ƳŀǘŜǊƛŀƭΦ 

Lƴ ǘƘŜ ǎǘǳŘȅΣ ƭŀƴŘǎŎŀǇŜ ƳŀǘŜǊƛŀƭ ŦǊƻƳ ƳǳƴƛŎƛǇŀƭƛǝŜǎ ŀƴŘ 

ŀƎǊƛŎǳƭǘǳǊŜ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ƻƴŜ ŎŀǘŜƎƻǊȅ ƻŦ ŦŜŜŘǎǘƻŎƪ ŦǊƻƳ ǘǿƻ 

ǎƻǳǊŎŜǎ ŀƴŘ ŀŎŎƻǳƴǘŜŘ ŦƻǊ ǳƴŘŜǊ !ƎǊƛŎǳƭǘǳǊŀƭ ǊŜǎƛŘǳŜǎΦ 

Compilation: ifeu 

  



ifeu = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = 49 

Table 8: Granularity of biomass use ς possible levels and founded decision on how to handle granularity for this task  

Note: Blue bold marked: indicates the proposed level of granularity for a selection of main uses as illustrated in the Allocation Guide, or ladders; Light blue marked:  indicates the pro-

posed level of granularity for the assessment and the allocation of use in this study; Grey bold marked: term of relevance, but not applied as category for the Allocation Guide, or 

ladders.  

{ŜŎǘƻǊ  {ǳōǎŜŎǘƻǊ κ ŘƛũŜǊŜƴǝŀǝƻƴ .ƛƻōŀǎŜŘ ǇǊƻŘǳŎǘ Iƻǿ ǘƻ ƘŀƴŘƭŜ ǘƘŜ ƎǊŀƴǳƭŀǊƛǘȅ ƭŜǾŜƭ ŦƻǊ ǘƘƛǎ ǘŀǎƪ 

.ƛƻƳŀǎǎ ŦƻǊ ŜƴŜǊƎȅ     

¢ǊŀƴǎǇƻǊǘ ŦǳŜƭ wƻŀŘ ǘǊŀƴǎǇƻǊǘ 

π ǇŀǎǎŜƴƎŜǊ ŎŀǊǎ 

π ƘŜŀǾȅ Řǳǘȅ ǾŜƘƛŎƭŜǎ 

π ƘŜŀǾȅ ƻũπǊƻŀŘ ǾŜƘƛŎƭŜǎ 

.ƛƻŜǘƘŀƴƻƭΣ ōƛƻŘƛŜǎŜƭ όC!a9ύΣ I±hΣ ōƛƻπ

/bDΣ ōƛƻπ[bDΥ 

π ŎƻƴǾŜƴǝƻƴŀƭ ōƛƻŦǳŜƭǎ  

π ŀŘǾŀƴŎŜŘ ōƛƻŦǳŜƭǎ 

!ƭƭ ŎƻƴǾŜƴǝƻƴŀƭ ŀƴŘ ŀŘǾŀƴŎŜŘ ōƛƻŦǳŜƭǎ ŦǊƻƳ ǾŀǊƛƻǳǎ ŦŜŜŘǎǘƻŎƪǎ όƻƛƭΣ ǎǘŀǊŎƘΣ ǎǳƎŀǊ ŎǊƻǇǎΣ 

ŎŀǘŎƘ ŎǊƻǇǎΣ ¦/hΣ ŘƛǾŜǊǎŜ ǿŀǎǘŜǎ ŀƴŘ ōƛƻƎŀǎ ǇǊƻŘǳŎǝƻƴύ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ǊƻǳǘŜǎ ŀǊŜ 

ŜǾŀƭǳŀǘŜŘ ǎŜǇŀǊŀǘŜƭȅ ŀƴŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ о Ƴŀƛƴ ǘǊŀƴǎǇƻǊǘ ŀǇǇƭƛŎŀǝƻƴǎΣ ōǳǘ ǇǊŜǎŜƴǘŜŘ 

ŀǎ ƻƴŜ wƻŀŘ ǘǊŀƴǎǇƻǊǘ ŎŀǘŜƎƻǊȅ ŦƻǊ ǘƘŜ ŀƭƭƻŎŀǝƻƴ ǎǳƳƳŀǊȅ ǘŀōƭŜ ŦƻǊ ǎƛƳǇƭƛŬŎŀǝƻƴΦ 

¢Ǌŀƛƴǎ όwŀƛƭǿŀȅǎύ  .ƛƻŘƛŜǎŜƭ όC!a9ύΣ I±h ¢Ƙƛǎ ǳǎŜ ƛǎ ƻŦ ǾŜǊȅ ƳƛƴƻǊ ǊŜƭŜǾŀƴŎŜ ŘǳŜ ǘƻ ǘƘŜ ǿƛŘŜǎǇǊŜŀŘ ŜƭŜŎǘǊƛŬŎŀǝƻƴ ƻŦ ǊŀƛƭǿŀȅǎΣ ŀƴŘ 

ǘƘǳǎ ƴƻǘ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ŀƭƭƻŎŀǝƻƴ 

!Ǿƛŀǝƻƴ  

 

{ǳǎǘŀƛƴŀōƭŜ ŀǾƛŀǝƻƴ ŦǳŜƭǎ ό{!CύΥ 

π ŎƻƴǾŜƴǝƻƴŀƭ ōƛƻŦǳŜƭǎ 

π ŀŘǾŀƴŎŜŘ ōƛƻŦǳŜƭǎ 

¢ƘŜ ǘǿƻ ǘŜŎƘƴƻƭƻƎȅ ǊƻǳǘŜǎΣ ŎƻƴǾŜƴǝƻƴŀƭ ōƛƻŦǳŜƭǎ ŦǊƻƳ ƻƛƭ ŎǊƻǇ ŀƴŘ ŀŘǾŀƴŎŜŘ ōƛƻŦǳŜƭǎ 

ŦǊƻƳ ŘƛǾŜǊǎŜ ǿŀǎǘŜǎκǊŜǎƛŘǳŜǎύ ŀǊŜ ŘƛũŜǊŜƴǝŀǘŜŘ ŦƻǊ ŜǾŀƭǳŀǝƻƴΣ ƛƴŎƭǳŘƛƴƎ ŀƎŀƛƴǎǘ 

ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŘŜǾŜƭƻǇƳŜƴǘǎ όŜΦƎΦ ŜπŦǳŜƭǎύ ǘƘŀǘ Ƴŀȅ ǎǳōǎǝǘǳǘŜ ōƛƻπōŀǎŜŘ ƻǊ Ŧƻǎǎƛƭ ŦǳŜƭǎ ƛƴ 

ǘƘŜ ŦǳǘǳǊŜΦ 

{ƘƛǇǇƛƴƎ  .ƛƻŘƛŜǎŜƭ όC!a9ύ ŀƴŘ I±hΣ  

ōƛƻπ/bD ŀƴŘ ōƛƻπ[bD 

π ŎƻƴǾŜƴǝƻƴŀƭ ōƛƻŦǳŜƭǎ 

π ŀŘǾŀƴŎŜŘ ōƛƻŦǳŜƭǎ 

CǳŜƭ ǘȅǇŜǎ ŀǊŜ ƘŀƴŘƭŜŘ ƛƴ ǘƘŜ ǎŀƳŜ ǿŀȅ ŀǎ ŦƻǊ ŀǾƛŀǝƻƴΦ  

/ŀǊƎƻ ǎƘƛǇǇƛƴƎ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ǊŜƳŀƛƴ ǊŜƭƛŀƴǘ ƻƴ ŀ ƭƛǉǳƛŘ ŦǳŜƭΣ ŜƛǘƘŜǊ ōƛƻƳŀǎǎπōŀǎŜŘ ƻǊ 

ŀƳƳƻƴƛŀ ōŀǎŜŘΦ   

IŜŀǘ  {ǇŀŎŜ ƘŜŀǝƴƎ ²ƻƻŘ ŦǳŜƭ όǎǇƭƛǘ ƭƻƎǎΣ ǇŜƭƭŜǘǎΣ ŎƘƛǇǎΣ 

ōǊƛǉǳŜǧŜǎύ 

 

²ƻƻŘ ŦǳŜƭ ǘȅǇŜǎ όǎǇƭƛǘ ƭƻƎǎΣ ŎƘƛǇǎΣ ǇŜƭƭŜǘǎΣ ōǊƛǉǳŜǧŜǎ ŜǘŎΦύ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ƻƴŜ ŎŀǘŜƎƻǊȅ 

ŦƻǊ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘΦ 

Lƴ ǘƘŜ !ƭƭƻŎŀǝƻƴ DǳƛŘŜ όƭŀŘŘŜǊύΣ ǘƘŜǎŜ ǿƻƻŘ ŦǳŜƭ ǘȅǇŜǎ Ŧŀƭƭ ǳƴŘŜǊ LƴŘǳǎǘǊȅ ǿƻƻŘΣ ǿƛǘƘ 

ǊŜƎŀǊŘ ƻƴ ŦƻǊŜǎǘ ǿƻƻŘΤ ǿƛǘƘ ǊŜƎŀǊŘ ƻƴ ŀƎǊƛŎǳƭǘǳǊŀƭ ōƛƻƳŀǎǎ ǘƘƛǎ ƛƴŎƭǳŘŜǎ ǎƘƻǊǘ Ǌƻǘŀǝƻƴ 

ŎƻǇǇƛŎŜ ό{w/ύκƎǊŀǎǎΦ    

.ƛƻƳŜǘƘŀƴŜ  {ǇŀŎŜ ƘŜŀǝƴƎ Ǿƛŀ ƭƻŎŀƭ Ǝŀǎ ƎǊƛŘǎ 

.ƛƻƳŜǘƘŀƴŜ Ŏŀƴ ōŜ ǇǊƻŘǳŎŜŘ ŦǊƻƳ ƭŀƴŘǎŎŀǇŜ ƳŀǘŜǊƛŀƭǎκŎŀǘŎƘ ŎǊƻǇǎ ƻǊ ƳŀƴǳǊŜ ŀƴŘ ŦǊƻƳ 

ƎǊŜŜƴ Ǉƭŀƴǘǎ όƛƴ ǘƘŜ !ƭƭƻŎŀǝƻƴ DǳƛŘŜ όƭŀŘŘŜǊύΣ ǘƘŜǎŜ Ŧŀƭƭ ǳƴŘŜǊ ƎǊŜŜƴ ƳŀƛȊŜύ 

5ƛǎǘǊƛŎǘ ƘŜŀǝƴƎ ²ƻƻŘ ŦǳŜƭ όŎƘƛǇǎύ  

 

/ƻƴǎƛŘŜǊŜŘ ŀǎ ƻƴŜ ŎŀǘŜƎƻǊȅ ŦƻǊ ǳǎŀƎŜ ƛƴ ƘŜŀǝƴƎ Ǉƭŀƴǘǎ ƻǊ ŎƻƳōƛƴŜŘ ƘŜŀǘ ŀƴŘ ǇƻǿŜǊ 

Ǉƭŀƴǘǎ ό/ItύΣ ǘȅǇƛŎŀƭƭȅ ŀǇǇƭƛŜŘ ŀǎ ǿƻƻŘ ŎƘƛǇǎΦ 
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{ŜŎǘƻǊ  {ǳōǎŜŎǘƻǊ κ ŘƛũŜǊŜƴǝŀǝƻƴ .ƛƻōŀǎŜŘ ǇǊƻŘǳŎǘ Iƻǿ ǘƻ ƘŀƴŘƭŜ ǘƘŜ ƎǊŀƴǳƭŀǊƛǘȅ ƭŜǾŜƭ ŦƻǊ ǘƘƛǎ ǘŀǎƪ 

Lƴ ǘƘŜ !ƭƭƻŎŀǝƻƴ DǳƛŘŜ όƭŀŘŘŜǊύΣ ǿƻƻŘ ŎƘƛǇǎ Ŧŀƭƭ ǳƴŘŜǊ ƛƴŘǳǎǘǊȅ ǿƻƻŘ ϧ ǊŜǎƛŘǳŜǎΣ ǿƛǘƘ 

ǊŜƎŀǊŘ ƻƴ ŦƻǊŜǎǘ ǿƻƻŘΤ ǿƛǘƘ ǊŜƎŀǊŘ ƻƴ ŀƎǊƛŎǳƭǘǳǊŀƭ ōƛƻƳŀǎǎ ǘƘƛǎ ƛƴŎƭǳŘŜǎ ǎƘƻǊǘ Ǌƻǘŀǝƻƴ 

ŎƻǇǇƛŎŜ ό{w/ύκƎǊŀǎǎΦ   

.ƛƻƳŜǘƘŀƴŜ 

 

5ƛǎǘǊƛŎǘ ƘŜŀǝƴƎ Ǿƛŀ ƘŜŀǝƴƎ ƴŜǘǿƻǊƪǎ ŎƻƴƴŜŎǘŜŘ ǿƛǘƘ ƭƻŎŀƭ Ǝŀǎ ŬǊŜŘ ƘŜŀǝƴƎ Ǉƭŀƴǘ ƻǊ /It 

ǇƭŀƴǘǎΦ 

.ƛƻƳŜǘƘŀƴŜ Ŏŀƴ ōŜ ǇǊƻŘǳŎŜŘ ŦǊƻƳ ƭŀƴŘǎŎŀǇŜ ƳŀǘŜǊƛŀƭǎκŎŀǘŎƘ ŎǊƻǇǎ ƻǊ ƳŀƴǳǊŜ ŀƴŘ ŦǊƻƳ 

ƎǊŜŜƴ Ǉƭŀƴǘǎ όƛƴ ǘƘŜ !ƭƭƻŎŀǝƻƴ DǳƛŘŜ όƭŀŘŘŜǊύΣ ǘƘŜǎŜ Ŧŀƭƭ ǳƴŘŜǊ ƎǊŜŜƴ ƳŀƛȊŜύΦ 

tǊƻŎŜǎǎ ƘŜŀǘ 

π [ƻǿ ғрллɕ/ 

π ƘƛƎƘ Ҕрллɕ/ 

²ƻƻŘ ŎƘƛǇǎ ! ŘƛũŜǊŜƴǝŀǝƻƴ ōŜǘǿŜŜƴ ƭƻǿ ŀƴŘ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜ ǇǊƻŎŜǎǎ ƘŜŀǘ ǊŜǉǳƛǊŜŘ ŦƻǊ ƛƴŘǳǎǘǊȅΣ ŀǎ 

ǇǊƻŎŜǎǎ ƘŜŀǘ ǳƴŘŜǊ рллɕ/ Ŏŀƴ ōŜ ŜƭŜŎǘǊƛŬŜŘ ƻǾŜǊ ǝƳŜΦ 

Lƴ ǘƘŜ !ƭƭƻŎŀǝƻƴ DǳƛŘŜ όƭŀŘŘŜǊύΣ ǿƻƻŘ ŎƘƛǇǎ Ŧŀƭƭ ǳƴŘŜǊ LƴŘǳǎǘǊȅ ǿƻƻŘ ϧ ǊŜǎƛŘǳŜǎΣ ǿƛǘƘ 

ǊŜƎŀǊŘ ǘƻ ŦƻǊŜǎǘ ǿƻƻŘΤ ǿƛǘƘ ǊŜƎŀǊŘ ǘƻ ŀƎǊƛŎǳƭǘǳǊŀƭ ōƛƻƳŀǎǎ ǘƘƛǎ ƛƴŎƭǳŘŜǎ ǎƘƻǊǘ Ǌƻǘŀǝƻƴ 

ŎƻǇǇƛŎŜ ό{w/ύκƎǊŀǎǎΦ  

.ƛƻƳŜǘƘŀƴŜ .ƛƻƳŜǘƘŀƴŜ Ŏŀƴ ōŜ ǇǊƻŘǳŎŜŘ ŦǊƻƳ ƭŀƴŘǎŎŀǇŜ ƳŀǘŜǊƛŀƭǎκŎŀǘŎƘ ŎǊƻǇǎ ƻǊ ƳŀƴǳǊŜ ŀƴŘ ŦǊƻƳ 

ƎǊŜŜƴ Ǉƭŀƴǘǎ όƛƴ ǘƘŜ !ƭƭƻŎŀǝƻƴ DǳƛŘŜ όƭŀŘŘŜǊύΣ ǘƘŜǎŜ Ŧŀƭƭ ǳƴŘŜǊ ƎǊŜŜƴ ƳŀƛȊŜύΦ 

5ƛǊŜŎǘƭȅ ŀǇǇƭƛŜŘ ǊŜǎƛŘǳŜǎ ŀƴŘ ǿŀǎǘŜǎ 5ƛǾŜǊǎŜ ǊŜǎƛŘǳŜǎ ŀƴŘ ǿŀǎǘŜǎ ŀǊŜ ōǊƻƪŜƴ Řƻǿƴ ƛƴǘƻ ¦/hκŀƴƛƳŀƭ ŦŀǘΣ .ƭŀŎƪ ƭƛǉǳƻǊΣ ¦ǎŜŘ 

ǿƻƻŘΦ 

9ƭŜŎǘǊƛŎƛǘȅ  .ŀǎŜ ƭƻŀŘ ŎŀǇŀŎƛǘȅ ²ƻƻŘ ŎƘƛǇǎ 

.ƛƻƳŜǘƘŀƴŜ .ƛƻƎŀǎ 

5ƛǾŜǊǎŜ ǊŜǎƛŘǳŜǎκǿŀǎǘŜǎ 

9ƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǝƻƴ Ŏŀƴ ōŜ ǊƻǳƎƘƭȅ ŘƛǾƛŘŜŘ ōŜǘǿŜŜƴ ǘƘŜ ǇǊƻǾƛǎƛƻƴ ƻŦ ōŀǎŜπƭƻŀŘΣ ƳŜŘƛǳƳ 

ƭƻŀŘ όŀƭƭƻǿƛƴƎ ƅŜȄƛōƭŜ ǎŜǊǾƛŎŜǎΣ ǎǘŀƴŘπōȅΣ ǊŜǎŜǊǾŜ ƻǊ ŘƛǎǇŀǘŎƘŀōƭŜ ŎŀǇŀŎƛǝŜǎύ ŀƴŘ ǇŜŀƪ ƭƻŀŘ 

ŦƻǊ ǾŜǊȅ Ŧŀǎǘ ǎǘŀǊǝƴƎ ŦŀŎƛƭƛǝŜǎ όƳƻǎǘƭȅ Ǝŀǎ ǘǳǊōƛƴŜǎύΦ ¢Ƙƛǎ ŘƛǎǝƴŎǝƻƴ ƛǎ ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘ 

ŦƻǊ ǘƘŜ ŜǾŀƭǳŀǝƻƴΣ ōǳǘ ƻƴƭȅ ƻƴŜ ŎŀǘŜƎƻǊȅ 9ƭŜŎǘǊƛŎƛǘȅ ƛǎ ǳǎŜŘ ƛƴ ǘƘŜ ŀƭƭƻŎŀǝƻƴ ƭŀŘŘŜǊ ŦƻǊ 

ǎƛƳǇƭƛŬŎŀǝƻƴΦ  

¢ƘŜ ŘƛũŜǊŜƴǝŀǝƻƴ ƛǎ ƳŀŘŜ ōŀǎŜŘ ƻƴ ǘƘŜ ŦǳŜƭ ǘȅǇŜΥ 

π ǿƻƻŘ όŦƻǊŜǎǘ ƻǊ {w/ύ 

π ōƛƻƳŜǘƘŀƴŜ 

π ōƛƻƎŀǎ όŘƛǊŜŎǘκƻƴπǎƛǘŜ ŎƻƴǾŜǊǎƛƻƴύ ŘƛǾŜǊǎŜ ǊŜǎƛŘǳŜǎ ŀƴŘ ǿŀǎǘŜǎΦ 

²ƻƻŘȅ ŦŜŜŘǎǘƻŎƪǎ ŦƻǊ ŎƻƳōǳǎǝƻƴ Ŧŀƭƭ ǳƴŘŜǊ ǘƘŜ ƛƴŘǳǎǘǊȅ ǿƻƻŘ ϧ ǊŜǎƛŘǳŜǎ ƻǊ {w/κƎǊŀǎǎ 

ŎŀǘŜƎƻǊƛŜǎΦ 

.ƛƻƳŜǘƘŀƴŜ Ŏŀƴ ōŜ ǇǊƻŘǳŎŜŘ ŦǊƻƳ ƭŀƴŘǎŎŀǇŜ ƳŀǘŜǊƛŀƭǎκŎŀǘŎƘ ŎǊƻǇǎ ƻǊ ƳŀƴǳǊŜΦ 

5ƛǾŜǊǎŜ ǊŜǎƛŘǳŜǎ ŀƴŘ ǿŀǎǘŜǎ ŀǊŜ ōǊƻƪŜƴ Řƻǿƴ ƛƴǘƻ ¦/hκŀƴƛƳŀƭ ŦŀǘΣ .ƭŀŎƪ ƭƛǉǳƻǊΣ ¦ǎŜŘ 

ǿƻƻŘΦ 

 

 

 

.ŀŎƪπǳǇκwŜǎŜǊǾŜκƅŜȄƛōƭŜ ŎŀǇŀŎƛǘȅύ  .ƛƻƳŜǘƘŀƴŜ 

²ƻƻŘ ŎƘƛǇǎ 

tŜŀƪ ƭƻŀŘ .ƛƻƳŜǘƘŀƴŜ 
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{ŜŎǘƻǊ  {ǳōǎŜŎǘƻǊ κ ŘƛũŜǊŜƴǝŀǝƻƴ .ƛƻōŀǎŜŘ ǇǊƻŘǳŎǘ Iƻǿ ǘƻ ƘŀƴŘƭŜ ǘƘŜ ƎǊŀƴǳƭŀǊƛǘȅ ƭŜǾŜƭ ŦƻǊ ǘƘƛǎ ǘŀǎƪ 

.ƛƻƳŀǎǎ ŦƻǊ ƳŀǘŜǊƛŀƭ ǳǎŜ    

/ƻƴǎǘǊǳŎǝƻƴ ƳŀǘŜǊƛŀƭ /ƻƴǎǘǊǳŎǝƻƴ ǿƻƻŘ όǝƳōŜǊύ ōŜŀƳǎΣ Ǉƭŀƴƪǎ ŜǘŎ ¢ƘŜȅ ŀǊŜ ŜǎǎŜƴǝŀƭ ŎƻƳǇƻƴŜƴǘǎ ŦƻǊ ƭƻŀŘπōŜŀǊƛƴƎ ǎǘǊǳŎǘǳǊŜǎ ƛƴ ōǳƛƭŘƛƴƎǎΦ 

LƴǘŜǊƛƻǊ ŘǊȅ ŎƻƴǎǘǊǳŎǝƻƴ tŀǊǝŎƭŜ ōƻŀǊŘ tŀǊǝŎƭŜ ōƻŀǊŘǎ ŀǊŜ ŜǎǎŜƴǝŀƭ ŜƭŜƳŜƴǘǎ ƛƴ ǘƘŜ ƛƴǘŜǊƛƻǊ ŎƻƴǎǘǊǳŎǝƻƴ ƻŦ ōǳƛƭŘƛƴƎǎ ŀƴŘ Ŏŀƴ 

ǊŜǇƭŀŎŜ ŎƭŀǎǎƛŎ ƳŀǎƻƴǊȅ ŀƴŘ ŜƭŜƳŜƴǘǎ ŦǊƻƳ ŎƻƴŎǊŜǘŜΦ 

/ƻƴǎǳƳŜǊ ŎƻƳƳƻŘƛǝŜǎ CǳǊƴƛǘǳǊŜ {ƻƭƛŘ ǿƻƻŘ  CǳǊƴƛǘǳǊŜ ƳŀŘŜ ƻŦ ǎƻƭƛŘ ǿƻƻŘ ŀƴŘ ǇŀǊǝŎƭŜ ōƻŀǊŘ ŀǊŜ ŀǎǎŜǎǎŜŘ ǎŜǇŀǊŀǘŜƭȅ ōǳǘ ŎƻƴǎƛŘŜǊŜŘ 

ǳƴŘŜǊ ƻƴŜ ŎŀǘŜƎƻǊȅ CǳǊƴƛǘǳǊŜ ŦƻǊ ǎƛƳǇƭƛŬŎŀǝƻƴ ƛƴ ǘƘŜ !ƭƭƻŎŀǝƻƴ DǳƛŘŜ όƭŀŘŘŜǊύΦ  
tŀǊǝŎƭŜ ōƻŀǊŘ 

IƻǳǎŜƘƻƭŘ ŀǇǇƭƛŀƴŎŜǎΣ ǘƻȅǎ {ƻƭƛŘ ǿƻƻŘ ²ƛǘƘ ŀ ǾŜǊȅ ǎƳŀƭƭ ǾƻƭǳƳŜΣ ǘƘƛǎ ǎǳōǎŜŎǘƻǊ ƛǎ ƎǊƻǳǇŜŘ ǿƛǘƘ ŦǳǊƴƛǘǳǊŜ ŦǊƻƳ ǎƻƭƛŘ ǿƻƻŘ ŦƻǊ 

ŜǾŀƭǳŀǝƻƴ ŀƴŘ ŀƭƭƻŎŀǝƻƴ ŀƴŘ Ŧŀƭƭǎ ǳƴŘŜǊ ǘƘŜ CǳǊƴƛǘǳǊŜ ŎŀǘŜƎƻǊȅ όǎŜŜ ŀōƻǾŜύ ŦƻǊ 

ǎƛƳǇƭƛŬŎŀǝƻƴΦ 

CƛōǊŜǎ tǳƭǇ ŀƴŘ ǇŀǇŜǊ tǊƛƴǘ ǇŀǇŜǊΣ ǇŀŎƪŀƎƛƴƎ ǇŀǇŜǊΣ ƘȅƎƛŜƴŜ 

ǇŀǇŜǊ 

 

¢ŜȄǝƭŜǎ ²ƻƻŘ ŬōǊŜ όǾƛǎŎƻǎŜΣ ƭȅƻŎŜƭƭΣ ŜǘŎΦύ  

/ƻǧƻƴ  /ƻǧƻƴ ƛǎ ǿƘƻƭƭȅ ƛƳǇƻǊǘŜŘ ƛƴ ǘƘŜ 9¦Φ Lǘ Ƴŀȅ ōŜ ǎǳōǎǝǘǳǘŜŘ ōȅ ƻǘƘŜǊ ŎǊƻǇǎ όŜΦƎΦ ƭƛƴŜƴύΦ 

IƻǿŜǾŜǊΣ ǘƘƛǎ ǎǳōǎŜŎǘƻǊ ƛǎ ƴƻǘ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ǎǘǳŘȅ όƻǳǘ ƻŦ ǎŎƻǇŜύΦ 

/ƘŜƳƛŎŀƭǎ .ǳƛƭŘƛƴƎ ōƭƻŎƪǎ .ƛƻƳŜǘƘŀƴƻƭ .ƛƻƳŜǘƘŀƴƻƭ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀ ƎƻƻŘ ǊŜǇǊŜǎŜƴǘŀǝǾŜ ŦƻǊ ǘƘƛǎ ōǊƻŀŘ ƎǊƻǳǇΣ ŀǎ ƛǘ ƛǎ 

ŎƻƳǇŀǊŀǝǾŜƭȅ ŀŘǾŀƴŎŜŘ ƛƴ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ǎǳƛǘŀōƭŜ ŦƻǊ ƭŀǊƎŜ ǾƻƭǳƳŜǎΦ  

.ƛƻŜǘƘȅƭŜƴŜ ¢ƘŜ ƘȅŘǊƻƭȅǎƛǎ ǊƻǳǘŜ ŀƴŘ ǘƘŜ ŦŜǊƳŜƴǘŀǝƻƴ ǊƻǳǘŜ όōƛƻŜǘƘŀƴƻƭ κ ōƛƻŜǘƘȅƭŜƴŜύ ŀǊŜ 

ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ǘƘŜ ǎǘǊŀǿ ŦŜŜŘǎǘƻŎƪ ǘƻ ǇǊƻŘǳŎŜ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ŘǊƻǇπƛƴ ōǳƛƭŘƛƴƎ ōƭƻŎƪ ŦƻǊ 

ŎƘŜƳƛŎŀƭǎΦ .ƛƻŜǘƘȅƭŜƴŜ ƛǎ ǘƘǳǎ ŀǎǎŜǎǎŜŘ ǎǇŜŎƛŬŎŀƭƭȅΦ  

.ƛƻƳŜǘƘŀƴŜ ±ƛŀ ǘƘŜ ōƛƻƎŀǎ ǇŀǘƘǿŀȅ όŦŜǊƳŜƴǘŀǝƻƴύ ōƛƻƳŜǘƘŀƴŜ Ŏŀƴ ōŜ ŀǇǇƭƛŜŘ ŦƻǊ ŎƘŜƳƛŎŀƭ ǎȅƴǘƘŜǎƛǎΦ 

¢ƘŜ ǇŀǘƘ Ŏŀƴ ŎƻƴǝƴǳŜ Ǿƛŀ ƳŜǘƘŀƴƻƭΣ ōǳǘ Ŏŀƴ ŀƭǎƻ ǘŀƪŜ ƻǘƘŜǊ ǎȅƴǘƘŜǎƛǎ ǊƻǳǘŜǎΦ Lƴ ǘŜǊƳǎ ƻŦ 

ǘŜŎƘƴƻƭƻƎȅΣ ƘƻǿŜǾŜǊΣ ǘƘŜ ōƛƻƳŀǎǎ ǇǊƻŎŜǎǎƛƴƎ ǇŀǘƘ Ƴǳǎǘ ōŜ ŘƛǎǝƴƎǳƛǎƘŜŘ ŦǊƻƳ ǘƘŜ Ƴŀƛƴ 

ǇŀǘƘ ǘƻǿŀǊŘǎ ōƛƻƳŜǘƘŀƴƻƭΣ ǿƘƛŎƘ ƛǎ ƎŀǎƛŬŎŀǝƻƴΦ 

.ƛƻƻƛƭ hƭŜƻŎƘŜƳƛŎŀƭǎ CƻǊ ŀǇǇƭƛŎŀǝƻƴǎΣ ǎǳŎƘ ŀǎ ŘŜǘŜǊƎŜƴǘǎΣ ǎǳǊŦŀŎǘŀƴǘǎΣ ƭǳōǊƛŎŀƴǘǎΣ ƭƻƴƎπŎƘŀƛƴ Ǌŀǿ ƳŀǘŜǊƛŀƭǎ ǎǳŎƘ 

ŀǎ ǾŜƎŜǘŀōƭŜ ƻƛƭǎ ŀƴŘ Ŧŀǘǎ ŀǊŜ ǿŜƭƭπǎǳƛǘŜŘΦ 

{ǘŀǊŎƘ  ¢ŜŎƘƴƛŎŀƭ ǎǘŀǊŎƘ CƻǊ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ǇŀǇŜǊ ŀƴŘ ŀƴ ŀǳȄƛƭƛŀǊȅ ƛƴ Ƴŀƴȅ ŀǇǇƭƛŎŀǝƻƴǎ ǘŜŎƘƴƛŎŀƭ ǎǘŀǊŎƘ ƛǎ 

ƴŜŜŘŜŘΦ  
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4 Application of the assessment criteria  

This chapter sets out the merit order of the various possible uses of different types of bio-
mass by the criteria-based assessment involving the awarding of scores. The merit orders 
are presented in the form of ladders that display the rankings according to scores awarded. 

The assessment is made in groups according to the type and origin of biomass, as these are 
largely produced independently from each other. Waste and residues have a special position 
here, as they are dependent on the previous utilisation of primary biomass (e.g. used wood, 
crop residues, biowaste). In terms of their material characteristics and potential usages, 
however, these residual materials are often comparable to primary biomass. Nevertheless, 
for the sake of structural clarity, the merit order of biomass uses is performed according to 
the following biomass types: forestry biomass, agricultural crops and agricultural wood, ag-
ricultural residues and wastes, and other waste types.  

The final allocation, i.e. the distribution of biomass according to its availability based on the 
merit order, is covered in Chapter 6, specifically 6.2. There, the various types of biomass, 
some of which are applicable for similar uses, are allocated in the overall scenario.   

4.1 Forest biomass 

This category includes logs and industrial wood removed from the forest and also includes 
the by-products of wood processing. Excluded are used wood as post-consumer waste (see 
section 4.3) and also residual materials from wood processing that no longer have the char-
acter of wood, such as black liquor (see section 4.3.4). Table 9 summarises the forest wood 

categories assessed in this section and their utilisation options.  

Figure 4 shows the results for each of the four basic criteria over time applied to different 
options to use forest wood. The detailed scores, justification and the supporting databases 
are listed in full in the appendix. 

The scores for the investigated use cases are comparatively close in terms of raw material 
efficiency. Biofuels based on wood are least efficient due to high material losses during the 
production process. Similar losses occur when producing chemicals, but they retain the ma-
terial after use and allow cascading use. An increase of material efficiency is assumed both 
for biofuels and chemicals and therefore, the scores improve over time. Any kind of heat or 
electricity use is rather efficient, since there are nearly no processing losses. However, there 
is no material retention. Unlike timber, particle boards, pulp paper and textiles are close to 
the zero line.  
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Table 9: Forest wood categories and their use in different applications 

 Timber, logs 
(sawn wood) 

Industry  
wood a) 

Forest  
residues b) 

Industrial wood 
residues c) 

Material use  

Construction wood X    

Solid wood furniture X    

Particle board (construction)  X  X 

Pulp / paper  X  X 

Textile fibres from wood  X  X 

Basic chemicals  X X X 

Energetic use 

Advanced biofuel for road transport  X X X 

Advanced biofuel for aviation  X X X 

Advanced biofuel for shipping  X X X 

Direct thermal use for industry heat  X X X 

Direct thermal use district heating  X X X 

Direct thermal use heating (space heat)  X  X 

Direct thermal use electricity by  

combustion in power plants 

 X X X 

a) Forest wood not used for sawmills, but with a diameter >7 cm; see also definition in section 3.8,  

b) See definition in section 3.8, Forest wood with a diameter <7 cm, including bark, branches etc. normally 

left in the forest after harvesting timber 

c) Co-products of wood processing, e.g. saw dust, wood shavings, offcuts. 

The criterion GHG saving shows rather wide ranges of the scores for the investigated use 
cases. The favourite options display negative scores, because their emissions are lower than 
the emissions saved by the substituted product. For example, construction wood in 2020: 
the production of one kilogram of construction wood causes 0.18 kg CO2eq. In addition, ma-
terial loss of wood beyond the by-products used is taken into account, which also amounts 
to 0.18 kg CO2eq. On the other hand, for 1 kg of construction wood, a substitution of struc-
tural steel and concrete amounting to 3.0 kg CO2eq is offset. The sum of the debit and credit 
is -2.64 kg CO2eq. In the period up to 2050, the credit will decrease as the production of 
structural steel and concrete also becomes lower in emissions. A load of only 0.03 kg CO2eq 
will then be offset by a credit of 1.38 kg CO2eq, for a total of -1.27 kg CO2eq per kg of con-
struction wood. 

In most of the cases considered, it can be seen that the scores tend to deteriorate over time. 
As indicated, this is due to the fact that the substituted products are still predominantly 
fossil-based today, but bio-based products and forms of energy will compete with other re-
newable (and thus, low carbon) sources in the future. Biofuels perform uniformly unfavour-
ably. Chemicals are initially similarly disadvantageous but can improve in comparison to all 
others by 2050. They will then catch up with the various energy uses. Furniture and 
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chipboard are around the zero line. For wood-ōŀǎŜŘ ǘŜȄǘƛƭŜǎΣ ǘƻŘŀȅΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ƛǎ ŎƭƻǎŜ 
to that zero line but improves until 2040. Timber for construction has the best GHG balance 

in 2020, then aligns with the results of pulp and paper over time. 

Other environmental impacts give a picture similar to raw material efficiency with an even 
closer range. This is due to the fact that different environmental effects balance each other 
out in the various options. As a result, there are no major differences between uses. 

Figure 4:  Resulting scores for different options to use forest wood according to the four criteria over time. 

wŀǿ ƳŀǘŜǊƛŀƭ ŜŶŎƛŜƴŎȅ 

 

GHG saving 

 

hǘƘŜǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎ 

 

{ƻŎƛƻπŜŎƻƴƻƳƛŎ ŀǎǇŜŎǘǎ 

 

Source: ifeu; note: higher scores with positive sign are less favourable (equivalent with burdens) than low 

scores and negative signs (equivalent with relief).  

The socio-economic aspects show clear differences in 2020, which will largely level out by 
2050. This applies to biofuels for road transport, which are still rated significantly worse in 
2020 than those for air and sea transport, as well as all other options. By 2050, biofuels as a 
whole and the other energy uses will be clustered around the zero line. Timber, pulp, paper 
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and textiles already have very good scores in 2020. However, these will decrease by 2050. 
Chemicals take a different course: In 2020, they are in a similar range to electricity and heat 
but improve significantly to achieve the best score in 2050. The main reason for this is that 
carbon is an essential element and, apart from CO2, no other renewable resource is availa-
ble. 

Figure 5 combines all the results into one diagram. Roughly speaking, this picture can be 
described as follows: Firstly, the range narrows somewhat over time, but the differences 
between the options are still clearly recognisable in 2050. Secondly, three to four groups 
can be summarised: biofuels form the tail group, heat and electricity are found in the middle 
range, while material uses are rated best overall. For chemicals, the curve takes a special 
course: they initially start out less favourably than electricity and heat but then perform 
better from 2040 onwards. 

Figure 5: Aggregated scores for Forest Wood use Over Time. 

 

Source: ifeu; note: higher scores with positive sign are less favourable (equivalent with burdens) than low 

scores and negative signs (equivalent with relief). 

Figure 6 shows the result again in the form of a ranking for the period from 2020 to 2025 
and the year 2050. As can be seen, the ranking of textiles, chemicals and electricity has im-
proved over the years, while the ranking of uses such as pulp and paper, process heat (below 
500°C) and space heating has worsened slightly. The material utilisation options clearly lead, 
especially construction wood (timber). Only chemicals are in the bottom third at the start, 
i.e. behind direct energy utilisation for heat and electricity. As already explained, this is due 
to the comparatively high material losses along the process chain. This is why wood-based 
biofuels are even further down the list, as the bonus of material conservation compared to 

chemicals does not apply. 

It is apparent that the range of scores narrows over time. The benefits provided by the more 
advantageous options and expressed by negative values decreases (e.g., construction wood 
from -4.2 to -1.6), while the burden imposed by the more disadvantageous options de-
creases, too (biofuel, road from +7.8 to +5.1). This is because credits in greenhouse gas emis-
sions avoided by substitution of today fossil products will lower in line with the implemen-
tation of climate protection targets and the shift away from fossil-based feedstocks in the 
economy. Thus, in future, biomass competes with other renewable or low carbon 
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alternatives, like electrification. This will be enhanced by the assumption that malus points 
for poor efficiency, low technical or economic availability of alternatives, or lock-in will 
weaken over time. All in all, this leads to a reduction in the differences between the options 
in the future. 

Figure 6: Aggregated scores for Forest Wood Use in 2020/25 and 2050. 

 

Note, that negative values are advantageous, positive values are disadvantageous; green arrows indicate 

a rise in the ranking, red arrows indicate a fall; thicker arrows indicate a significant change in rank. 

Source: ifeu 
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Table 10: Summary for forest wood; merit order for main uses based on the criteria for the year 2020/25 and for the year 2050 

Score Forest wood used for Use category Product type 

 2020/25   

-4.2 Construction wood (timber) Material use Timber / logs 

-2.7 Pulp & paper  Material use Industry wood  

-2.1 Furniture (solid wood) Material use Timber / logs 

-1.6 Textile (wood fibre)  Material use Industry wood  

-1.0 Particle board Material use Industry wood  

2.1 Process heat (>500°C) Energy use Ind. wood & residues  

2.5 Process heat (<500°C) Energy use Ind. wood & residues  

2.9 Chemicals, biomethanol via gasification Material use Industry wood  

2.7 District heating  Energy use Ind. wood & residues  

3.5 Space heating Energy use Industry wood  

3.6 Electricity  Energy use Ind. wood & residues  

6.7 Aviation/shipping adv. biofuel, biomethanol via gasification  Energy use Industry wood  

7.8 Road transport adv. biofuel, biomethanol via gasification Energy use Industry wood  

 2050   

-1.6 Construction wood (timber) Material use Timber / logs 

-0.9 Textile (wood fibre) Material use Industry wood  

-0.6 Pulp & paper  Material use Industry wood  

-0.3 Furniture (solid wood) Material use Timber / logs 

-0.3 Particle board Material use Industry wood  

1.2 Chemicals, biomethanol via gasification Material use Industry wood  

2.3 Process heat (>500°C) Energy use Ind. wood & residues  

2.9 District heating  Energy use Ind. wood & residues  

3.0 Process heat (<500°C) Energy use Ind. wood & residues  

3.0 Electricity Energy use Ind. wood & residues  

3.2 Space heating Energy use Industry wood  

4.6 Aviation adv. biofuel, biomethanol via gasification Energy use Industry wood  

5.0 Shipping adv. biofuel, biomethanol via gasification Energy use Industry wood  

5.1 Road transport, adv. biofuel, biomethanol via gasification Energy use Industry wood  

Source: ifeu; note: higher scores with positive sign are less favourable (equivalent with burdens) than low 

scores and negative signs (equivalent with relief). 

Rated use options are assigned to groups (see score):  

green favourable: <0 score;  yellow rather favourable: 0 - <2 score;  

orange rather unfavourable: 2 - <4 score;  red unfavourable: >4 score 
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4.2 Primary agricultural biomass 

This category includes agricultural crops and agricultural wood. Catch crops are excluded 
here as a convention under RED II and III, which do not require additional land use for this 
type of biomass. They are therefore categorized as agricultural residues (see also Table 7). 

In addition to the previous assessment of forest wood, agricultural biomass is assessed not 
only at the level of use (level 2, in section 4.2.1), but also at the level of biomass type (level 
1, in section 4.2.2). 

4.2.1 Criteria referring to the use of agricultural biomass (level 2) 

The Agora scenario only includes wood from the cultivation of short-rotation coppice (SRC) 
and wood from paludiculture as a primary raw material from agriculture (beyond agricul-
tural residues). There is also demand on the market for other raw materials that are difficult 
to produce from wood, e.g. vegetable oils for various technical purposes (surfactants, lubri-
cants, etc.). Such raw materials are included in the task at hand.  

The crops considered are:  

¶ Oil crops, with a focus on rapeseed, though results are transferable for sunflower and 
partly transferable for soybean. Palm oil would require a specific assessment (European 
Biomass Industry Association, 2025) 

¶ Starch plants, the data refer to the major cereals wheat and maize. In addition, sugar 
crops (sugarcane and sugar beet) should be mentioned.  

In line with the Agora scenario, agricultural wood is considered, majorly represented by SRC 
but also representing wood from agroforestry and paludiculture. Such woody biomass can 
be used for all wood applications already assessed under forest wood (section 4.1), apart 
from timber. Since SRC relies on special softwood species like willow and poplar, technical 
requirements might not match for all other applications such as textile (technically relying 
on beech) or pulp and paper (in Europe, technically relying on conifers). 

Perennial grass crops represent another type of biomass.20 They have a lower lignin content 
than wood, but are similar in terms of processing and uses, and compete for the same po-

tentially available arable land. 

Table 11 summarises the agricultural raw material categories assessed in this section as-

signed to possible utilisation options.  

Figure 7 shows the results of the application of the allocation criteria differentiated accord-
ing to the individual criteria. The scores and how they were obtained, as well as the data-
bases are listed in full in the appendix. In the summarised illustrations in Figure 8, the uni-
form scale clearly shows the different ranges in the results.  

As for forest wood, the ranges in the criterion raw material efficiency are comparatively 
narrow. Biofuels from wood are also rather unfavourable here because of the relatively high 
material losses in the production process. Wood-based chemicals score better due to the 

ςςςςςςςςςςςςςςςς 
20 RED LLL ŘŜŦƛƴŜǎ ǘƘŜǎŜ ŀǎ άƎǊŀǎǎȅ ŜƴŜǊƎȅ ŎǊƻǇǎ ǿƛǘƘ ŀ ƭƻǿ ǎǘŀǊŎƘ ŎƻƴǘŜƴǘΣ ǎǳŎƘ ŀǎ ǊȅŜƎǊŀǎǎΣ ǎǿƛǘŎƘƎǊŀǎǎΣ 
ƳƛǎŎŀƴǘƘǳǎΣ Ǝƛŀƴǘ ŎŀƴŜέΤ ŀǊǘƛŎƭŜ н όпнύΦ 
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preservation of the material and will equalise with electricity/ heat and biofuels from crops 
by 2050. The latter two benefit from the comparatively high material efficiency in consump-
tion, with oils performing better than ethanol (CO2 loss, but this will be offset by CO2 de-
mand in the future). Oils for oleochemicals are the most advantageous here. 

Table 11: Categories of agricultural crops, agricultural wood and perennial grasses and their possible use in different applica-

tions 

 Vegetable  
oil a) 

Starch  
(sugar) b) 

Agriwoodc) 
(lignocellulose) 

Perennial grasses 
(lignocellulose) 

Material use 

Pulp / paper   X X 

Textile fibres from wood   X X 

Technical starch  X X X 

Basic chemicals (incl. oleochemicals) X X X X 

Energetic use 

Biofuel for road transport X  
(conventional) 

X  
(conventional) 

X  
(advanced) 

X  
(advanced) 

Biofuel for aviation transport X  
(conventional) 

 X  
(advanced) 

X  
(advanced) 

Biofuel for maritime transport X  
(conventional) 

 X  
(advanced) 

X  
(advanced) 

Direct thermal use for industry heat   X X 

Direct thermal use district heating   X X 

Direct thermal use heating (space heat)     

Direct thermal use electricity by com-
bustion in power plants 

  X X 

a) In Europe majorly, rapeseed oil or sunflower oil; for some applications imported palm oil or palm ker-

nel oil is requested 

b) From cereals such as wheat or maize; sugar from sugar beet or imported sugarcane  

c) From short rotation coppices (SRC), but also agroforestry and paludiculture. 

Regarding GHG saving, the ranges here are somewhat narrower than for forest wood. This 
is because, unlike with wood, no CO2 emissions are taken into account for the combustion 
of agricultural biomass. Therefore, all score values are in the negative range (i.e. net sav-
ings). However, the results approach the zero line over time, because the credits from sub-
stitution become smaller. Otherwise, the results for products made from agricultural wood 
are the same as those for forest wood. Products from oil and starch plants (for chemicals as 
well as for biofuel) have the highest net savings in 2020, as they achieve high credits due to 
their energy content. However, the credits decrease significantly over time and no longer 
achieve any net savings by 2050. Wood-based chemical and biofuel products here have a 
medium GHG balance since the energy content of methanol is lower per Kilogram. The order 
of results will change, when area-efficiency is introduced. Then the higher yields from SRC 
compared to conventional crops would benefit the wood option. Wood-based textiles show 
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a similar curve as from forest wood, with improvements until 2040 (lower emissions caused 
by the production process) and slight worsening until 2050 again (reduced credits from sub-
stitution). The scores for the other environmental impacts align with the forest wood re-
sults, while the conventional crops show clearly higher impacts. Here, agricultural inputs 
(fertilizer, pesticides) determine the result. 

Also, for the socio-economic aspects, wood-based products do not differ from forest wood-
based products. Here again, the conventional biofuels perform worse, whereas, in this case, 
we can see a distinction between biofuel for (off)-road applications on the one side and 
biofuels for aviation/shipping, on the other. Fuels for road transport performed most disad-
vantageous. This is also true for wood-based road fuels, since they need new infrastructure. 

By 2050, the differences will vanish. Then, wood-based chemicals perform best. 

Figure 7: Resulting scores for different options to use agricultural primary biomass used according to the criteria each over time.  
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Source: ifeu; note: higher scores with positive sign are less favourable (equivalent with burdens) than low 

scores and negative signs (equivalent with relief). 
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Figure 8 combines all the results into one picture. Wood-based textiles show the best result. 
Crop-based oleochemicals and technical starch perform best in 2020 but develop in a much 
less favourable direction. Wood-based chemicals start from a middle position and improve 
to the second-best position by 2050. The various forms of heat are still ahead of chemicals 
in 2020 but then swap places with them. Electricity remains in a moderately middle position. 
Biofuels are generally in the unfavourable range, road fuels in particular. In 2020, crop-based 
fuels are still ahead of wood-based fuels. However, this reverses after 2030. 

Figure 8: Aggregated Scores for Agricultural Biomass Use Over Time 

 

Source: ifeu; note: higher scores with positive sign are less favourable (equivalent with burdens) than low 

scores and negative signs (equivalent with relief). 

Figure 9 shows the result again in the form of a ranking for the current year (2020/25) and 
the year 2050. In a few cases, the ranking changes, such as between oleochemicals and tex-
tiles, basic chemicals and starch-based biofuels. It is important to note that no criteria for 
the type and origin of the biomass are applied here, but only those that evaluate the process 
chain and utilisation. This means that, for example, chemicals and fuels based on food crops 
(oilseeds, starch crops) generally perform better than the corresponding wood-based prod-
ucts. Additional criteria are therefore required here, as applied in the following section. 
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Figure 9: Aggregated scores for Agricultural crops/wood Use in 2020/25 and 2050. 

 

Note: negative values are advantageous, positive values are disadvantageous; green arrows indicate a rise 

in the ranking, red arrows indicate a fall; thicker arrows indicate a significant change in rank; 

Source: ifeu 

4.2.2 Additional criteria for types of agricultural biomass  

As explained in section 3.5, there is also a need for prioritisation, when different types of 
biomass can be cultivated as alternatives on available agricultural land. This applies to the 
above consideration of conventional crops versus woody biomass on agricultural land. The 
result in the previous section should be supplemented in this regard by the criteria protec-
tion of biodiversity & ecosystem services and sustainable land use (see Table 5).  

The outcome depends on the type of crop. Both results from previous section (level 2) are 
supplemented with biomass-specific indicator values for level 1 in Table 12 (for explanation 
see section 3.5). To show how the criteria are reflected, imported palm oil and castor oil are 
also considered as feedstock. The result for palm oil can also be applied to soybean oil, even 
though it is not yet explicitly classified as a high indirect land-use change-risk crop by the EU 
Commission. Castor oil has long been established as a raw material for hydraulic oils and 
other special applications. The castor plant requires low input, tolerates marginal soils, and 
is resistant to drought (Chakrabarty et al., 2021). Thus, for this crop, the adverse scores for 
level 1 do not apply, unlike the typically intensively cultivated crops, such as rapeseed, soy-
bean or oil palm.  
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Table 12: Aggregation of the results for the level 2 analysis with additional criteria for the type of biomass (level 1). 

Utilisation Feedstock 2020/25 2050 

level 2 level 1 total level 2 level 1 total 

Biodiv/ 
ESSa) 

iLUC  
risk b) 

  Biodiv/ 
ESSa) 

iLUC 
risk b) 

 

Oleochemistry rape seed -3.11 4  0.89 1.59 4  5.59 

palm oil -3.11 4 2.5 3.39 1.59 4 2.5 8.09 

castor oil -2.55 2  -0.55 1.65 2  3.65 

Biofuel (conventional) rape seed 0.49 4  4.49 2.99 4  6.99 

palm oil 0.49 4 2.5 6.99 2.99 4 2.5 7.09 

Technical starch wheat -2.03 4  1.97 1.64 4  5.64 

Biofuel, aviation, ship 

(conventional) 

rape seed 0.42 4  4.42 2.90   2.90 

Biofuel, road  

(conventional) 

wheat 0.36 4  4.36 2.40 4  6.40 

Textile wood (SRC) -2.50 2  -0.50 -1.82 2  0.18 

Basic chemicals wood (SRC) 0.49 2  1.49 -0.24 2  -1.76 

Road transport wood (SRC) 3.07 2  4.07 1.82 2  3.82 

Aviation/ Shipping wood (SRC) 1.97 2  2.97 1.88 2  3.88 

Process heat (> 500 °C) wood (SRC) -0.76 2  0.24 0.59 2  2.59 

District heating wood (SRC) -0.56 2  0.44 0.69 2  2.69 

Space heating wood (SRC) -0.02 2  0.98 0.95 2  1.93 

Electricity wood (SRC) 0.39 2  1.39 1.02 2  2.41 

a) Biodiv/ESS: relevant impacts on biodiversity and ecosystem services  

b) iLUC: indirect land-use change 

SRC: short rotation coppice. 

Ranking and the change in ranking from 2020/25 until 2050 is given in Table 12. Material 
uses such as agriwood-based textiles, oleochemicals based on rapeseed oil and technical 
starch based on grain are high in the 2020/2025 ranking. However, the latter will lose ground 
to all subsequent agriwood-based utilisations with future development. The fact that 
agriwood-based chemicals do not perform better overall than rapeseed-based chemicals, 
for example, is mainly due to the fact that the material efficiency of wood-based methanol 
production will not improve significantly by 2050. However, all agriwood-based options tend 
to improve over time, while the crop-based options tend to become less attractive.  

Oleochemicals, which still rank high in 2020/2025, fall significantly in the ranking by 2050. 
Oil plants in general (represented by rapeseed) and palm oil are even in the particularly 
disadvantageous group with a score greater than 4 (marked in red). Only castor oil remains 
ŀōƻǾŜ ǘƘƛǎ ΨǊŜŘΩ ƎǊƻǳǇΦ 
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Table 13: Summary for agricultural crops and wood; merit order for main uses based on the criteria for the year 2020/25 and for 

the year 2050 

Score Agricultural crops and wood used for Use category Product type 

 2020/25   

-0,6 Oleochemicals  Material use Castor oil 

-0,5 Textile (wood fibre)   Material use SRC/ grass 

0.9 Oleochemicals  Material use Oil crops 

2.0 Technical starch Material use Starch/sugar  

2.0 Chemicals, biomethanol via gasification Material use SRC/ grass 

2.3 Process heat όҔрллɕ/ύ Energy use SRC/ grass 

2.7 tǊƻŎŜǎǎ ƘŜŀǘ όғрллɕ/ύ Energy use SRC/ grass 

2.9 District heating  Energy use SRC/ grass 

3.4 Oleochemicals  Material use Palm oil 

3.4 Space heating Energy use SRC/ grass 

3.6 Electricity   Energy use SRC/ grass 

4.0 Aviation/shipping fuel, biomethanol via gasification  Energy use SRC/ grass 

4.1 Chemicals, biomethane Material use Green maize 

4.3 Aviation/shipping, conventional biofuel  Energy use Oil crops 

4.7 tǊƻŎŜǎǎ ƘŜŀǘ όҔрллɕ/ύ Energy use Green maize 

5.1 Road transport, adv. Biofuel, methanol via gasification  Energy use SRC/ grass 

5.1 tǊƻŎŜǎǎ ƘŜŀǘ όғрллɕ/ύ Energy use Green maize 

5.4 Road transport, conventional biofuel  Energy use Oil crops 

5.6 District heating  Energy use Green maize 

5.6 Space heating Energy use Green maize 

6.1 Road transport, biomethane  Energy use Green maize 

6.3 Aviation/shipping, conventional biofuel Energy use Palm oil 

6.7 Road transport, conventional biofuel  Energy use Starch/sugar  

7.7 Electricity, biomethane Energy use Green maize 

7.9 Road transport, conventional biofuel Energy use Palm oil 

8.5 Electricity, direct/on site Energy use Green maize 

 2050   

0.2 Textile (wood fibre)   Material use SRC/ grass 

1.8 Chemicals.biomethanol via gasification Material use SRC/ grass 

2.5 tǊƻŎŜǎǎ ƘŜŀǘ όҔрллɕ/ύ Energy use SRC/ grass 

3.1 District heating Energy use SRC/ grass 
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Score Agricultural crops and wood used for Use category Product type 

3.2 tǊƻŎŜǎǎ ƘŜŀǘ όғрллɕ/ύ Energy use SRC/ grass 

3.2 Electricity   Energy use SRC/ grass 

3.3 Space heating Energy use SRC/ grass 

3.4 Aviation/shipping fuel, biomethanol via gasification  Energy use SRC/ grass 

3.6 Oleochemicals  Material use Castor oil 

3.8 Road transport, adv. biofuel. biomethanol via gasification  Energy use SRC/ grass 

5.6 Oleochemicals  Material use Oil crops 

5.6 Technical starch Material use Starch/sugar  

6.5 Aviation/shipping, conventional biofuel  Energy use Oil crops 

6.6 Chemicals. biomethane Material use Green maize 

7.0 Road transport, conventional biofuel  Energy use Oil crops 

7.2 Road transport, conventional biofuel  Energy use Starch/sugar  

7.3 tǊƻŎŜǎǎ ƘŜŀǘ όҔрллɕ/ύ Energy use Green maize 

8.0 tǊƻŎŜǎǎ ƘŜŀǘ όғрллɕ/ύ Energy use Green maize 

8.1 Road transport, biomethane  Energy use Green maize 

8.1 Oleochemicals  Material use Palm oil 

8.3 Electricity, biomethane Energy use Green maize 

8.5 District heating  Energy use Green maize 

8.5 Space heating Energy use Green maize 

8.7 Electricity, direct Energy use Green maize 

9.0 Aviation/shipping, conventional biofuel Energy use Palm oil 

9.5 Road transport, conventional biofuel Energy use Palm oil 

Source: ifeu; note: higher scores with positive sign are less favourable (equivalent with burdens) than low 

scores and negative signs (equivalent with relief). 

Rated use options are assigned to groups (see score):  

green favourable: <0 score;  yellow rather favourable: 0 - <2 score;  

orange rather unfavourable: 2 - <4 score;  red unfavourable: >4 score 
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4.3 Residues and wastes 

Residues and wastes in the context of this study are a very diverse and non-uniform group 
of materials or a multitude of different groups of materials. These can be used in a wide 
variety of ways. The list in Annex IX of the RED III can be used as a guide for categorisation. 

4.3.1 Categorising and selecting types of residues and wastes for the assess-
ment 

Due to the diversity of these materials, a practical classification is required for assessment, 
as a comprehensive analysis of all these materials in one group would provide an overly 

complex picture. The following classification is therefore used here: 

1. Agricultural residues: This includes manure, landscape material (including also grassland 
cuttings) and straw. Catch crops are also included as ǳƴƭƛƪŜ ǘƘŜ ΨǊŜƎǳƭŀǊΩ ŎǊƻǇǎ ŀǎǎŜǎsed 
in section 4.2, they do not require any additional cultivation area by definition. Since they 
fall under RED III Annex IX, they are included in this group. All these residues are suitable 
for digestion and the production and use of biogas or biomethane; some of them can 
also be used as solid biomass for combustion or gasification (e.g. straw). 

2. A collection of the remaining types of municipal and industrial waste, which consist 
mainly of solid biomass; these are: used cooking oil (UCO), animal fat, used wood and 
black liquor (including other co-products and residues from pulp and paper industry)  

Other waste such as sewage sludge, biowaste from households, biomass fractions of indus-
trial food waste and industrial non-food waste or other harvest wastes than straw were 
classified above as being unsuitable for alternative uses other than biogas production.21 This 
also applies to manure, which must nevertheless be considered here due to its volume rel-
evance. 

The transitions between these categories are sometimes fluid in terms of material compo-
sition. Such a categorisation is provided in Table 14 according to type and also according to 
possibilities of use. 

In this context, it is also important to refer to the list of residue materials and waste accord-
ing to RED III Annex IX including the added feedstocks by the Delegated Directive (EU) 
2024/1405. These are also indicated in Table 14, sorted under part A indicates feedstocks 
for advanced biofuels, listed under part B indicates wastes as feedstock for conventional 
biofuels. 

  

ςςςςςςςςςςςςςςςς 
21 For these waste types, digestion means the first treatment step, in which a significant proportion of the 
organic matter is converted into biogas. The remaining biomass (digestate) is to be treated subsequently, 
e.g. incinerated (digested sewage sludge) or recycled (digested biowaste as compost). 
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Table 14: Categories of biogenic residues and their possible use in different applications. 

X: pre-determined way, proven by practice 

X: Conditionally or partially usable in this way,  

(x): mentioned in RED III Annex IX part A, however technically hard to convert to fuel;  

Source: ifeu  

It is not the aim of this study to work out the optimal merit order for all types of waste under 
the variety of possible uses. However, since, as mentioned, there is a material comparability 

 (Ligno-) 
Cellulo-
sic 

Diges-
tible 

Combus-
tible 

Fuel pro-
duction 

Material 
use 

RED III  
Annex IX  
Part 

Municipal waste 

Biomass fraction of mixed munici-
pal waste, including bulky house-
hold waste 

 X X (x) (X) A 

Biowaste, separately collected  X X (x)  A 

Paper waste, separately collected X  X (x) X  

Waste wood, separately collected X  X (x) X A 

Material from landscape manage-
ment 

X X X (x) X A 

Industrial and commercial wastes 

Sewage sludge  X X (x)  A 

Bagasse X X X (x)  A 

Palm oil mill effluent and empty 
palm fruit bunches; 

 X (x) (x)  A 

Grape marc and wine lees  X X (x)  A 

Biomass fraction of industrial 
waste (non-food) 

 (X) X (x)  A 

Used cooking oil  (X) X X X B 

Animal fat, meal  (X) X X X B 

Other wastes of food production  X X (x)  A 

Tall oil pitch   X X X A 

Black liquor   X X (X) A 

Agricultural waste 

Straw X X X X X A 

Nutshells, Cobs, husks X  X (x) X A 

Other harvest residues X X X (x) (X) A 

Manure  X    A 
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with primary wood in the case of woody waste biomasses, the findings from the sections 
4.1 and 4.2 can be assumed. 

Some feedstocks from Table 14 are only available in relatively small volumes. The assess-
ment based on the criteria is carried out here by means of a pre-selection, referring to the 
quantity on the one hand and the availability of alternative uses on the other. A biomass 
volume of 30 TWh is set as the quantitative cut-off limit. In particular, waste and residues 
that are similar in terms of material can be grouped together. Examples of this would be: 

¶ Animal fat grouped together with UCO 

¶ Tall oil pitch, tall oil, etc. grouped together with black liquor 

¶ Nutshells, cobs, husks grouped together with other harvest residues and subsumed under 
straw overall. 

Residues that must be imported from outside Europe, such as POME or bagasse, are ex-
cluded from the assessment here. 

The question of available alternative uses arises in particular for the group of digestible 
waste and residues. These will be examined in more detail in the following. For many digest-
ible wastes and residues, the choice of biogas production is the predetermined path. For 
certain materials, such as liquid manure and biowaste, other utilisation paths can hardly be 
meaningfully presented. Combustion of manure fails because of too high water content. The 
energy content of biowaste is also too low for energetically efficient incineration. If treat-
ment without energy recovery (composting) is ruled out, then fermentation is the only op-
tion. For sewage sludge, digestion before incineration generally makes sense, in order to 
minimise the input into the incineration which is energetically less efficient than the biogas 
production. In principle, biogas production plus biomethane processing also allows for use 
as a transport fuel. However, this first requires the allocation of biomethane to the various 
possible uses (heat, electricity or as a raw material for the chemical industry). This applies 
to a large number of entries in Annex IX of the RED III. For many of these, other techniques 
beyond biogas production are difficult to implement. 

In this respect, the following considerations show the necessity of an additional assessment 
step: 

¶ Digestible wastes and residues:  

 1st question: Can other uses be just as promising or is digestion the only reasonable 

option here? 

 2nd question: Regardless of the source substrate, what should be the preferred use of 

biogas or biomethane? 

¶ Other wastes, such as used cooking oil, animal fat or meal, other wastes of food produc-
tion, tall oil pitch, black liquor: Question: Are these to be allocated to direct energy use 
(combustion) or fuel production? 

The first point will be addressed in section 4.3.2. The second point is covered more briefly 
in section 4.3.4. Addition to catch and cover crops and grassland cuttings 

Here, we do not talk about wastes or residues. However, sequential crops (intermediate 
ŎǊƻǇǎΣ ŎŀǘŎƘ ŎǊƻǇǎΣ ŎƻǾŜǊ ŎǊƻǇǎύ ŀǊŜ ǎǳōǎǳƳŜŘ ǳƴŘŜǊ άƴƻƴ-ŦƻƻŘ ŎŜƭƭǳƭƻǎƛŎ ƳŀǘŜǊƛŀƭέ ƛƴ ǘƘŜ 
RED III annex part A, provided that the cultivation of such intermediate crops does not 
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trigger demand for additional land. The RED III explicitly excluded such crops from food and 
feed crops (Article 2 (40)). The same also applies to grassland cuttings (grass, hay), as RED III 

ŀƭǊŜŀŘȅ ƛƴŎƭǳŘŜǎ ΨƎǊŀǎǎȅ ŜƴŜǊƎȅ ŎǊƻǇǎΩ ǳƴŘŜǊ Ψƴƻƴ-ŦƻƻŘ ŎŜƭƭǳƭƻǎƛŎ ƳŀǘŜǊƛŀƭΩ ό!ǊǘƛŎƭŜ н όпнύύΦ  

Catch crops and cover crops, where used for the production of biofuel for the aviation sec-
tor, are listed in part A of annex IX of the RED III, according to the Commission Delegated 
Directive (EU) 2024/1405. The same regulation adds catch crops and cover crops used for 
other fuel than aviation fuel to part B of the annex IX. 

Cultivation of catch and cover crops have the advantage of diversifying crop sequences and 
soil cover in vegetation-free cultivation phases. It should, however, be noted that catch 
crops also consume nutrients and only certain species on suitable soils and climatic condi-
tions provide a significant yield for a biogas plant. It should also be noted that the removed 
biomass is no longer available for the supply of organic material for the soil. 

With the decline in livestock production associated with the successful adoption of a Plane-
tary Health Diet, the goal of preserving grassland can become a challenge. The utilisation of 
grass cuttings for biogas production provides farmers with a further outlet. These consider-
ations are referred to in section 10.3 in order to allocate the preferred use of the available 
feedstock to cover demand. 

4.3.2 Digestible wastes and residues ς biogas production.  

In section 3.6, criteria are presented specifically developed for then prioritisation of digest-
ible materials. The criteria comprise technical suitability, economic constraints and availa-

bility of alternatives.  

From a technical point of view, the different types of residues and waste are suitable for the 
fermentation process in very different ways. Table 15 summarises the arguments for the 
feedstocks already listed in Table 14, that are basically suitable for the fermentation process 
in terms of their material composition. The table also classifies the feedstocks as highly or 
moderately suitable from the technical point of view. Other uses should be prioritised for 
the other waste and residues listed in Table 14.  

Table adopts the result from Table 15 regarding feedstock types for the high and medium 
suitable materials and applies the assessment criteria, which are specifically developed for 
then prioritisation of digestible materials (see section 3.6). As a result, substrates are 
grouped into three levels. To meet the demand for energy or raw materials from biogas or 
biomethane, feedstocks in the first level should be used first, followed by those in the sec-
ond level, and so on. In section 10.3 the hierarchy groups are combined with the quantities 

indicating the availability of the raw materials. 
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Table 15: Assessment for biogenic residues regarding their suitability for biogas production. 

Residue or waste type Arguments regarding the suitability for biogas production Ranking 

Municipal waste 

Biomass fraction of mixed 

municipal waste, including 

bulky household waste 

In principle, household waste can also be treated in anaerobic digestion plants 

with a certain yield of biogas. There are also so-called mechanical biological 

treatment plants (MBT), which, however, only in a few cases also include an-

aerobic digestion with biogas production. Overall, this option is not a quantita-

tively relevant alternative to incineration in Europe (Eurostat, 2025a). 

Low  

suitability  

Biowaste,  

separately collected 

Separate collection and treatment of biowaste is a very effective measure in 

municipal waste management. It should always be favoured over alternatives. 

High  

suitability 

Material from landscape  

management 

Green waste of all kinds is well suited for fermentation and at the same time 

there is no sensible alternative other than composting (without biogas produc-

tion). New approaches such as pyrolysis might be conceivable. 

High  

suitability 

Industrial and commercial wastes 

Sewage sludge There is no reason to treat sewage sludge before final disposal other than di-

gestion. This reduces the volume, improves manageability and is a major bonus 

in the energy balance of wastewater treatment and sewage sludge disposal. 

High  

suitability 

Bagasse Can be fermented or incinerated. There are no indications of a preference for 

one or the other. 

Low  

suitability  

Palm oil mill effluent (POME) 

and empty palm fruit 

bunches (EFB) 

Biogas production is the most efficient technology to valorise POME, but of 

course on-site the palm oil mill; currently the EU biofuel market is somehow 

άŦƭƻƻŘŜŘέ ǿƛǘƘ ōƛƻŦǳŜƭ ōŀǎŜŘ ƻƴ tha9Φ {ƛƴŎŜ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ŎƘŀƛƴǎ ŀǊŜ ǾŜǊȅ 

untransparent, the sustainability of this pathway must be questioned. 

High  

suitability 

(on-site!) 

Grape marc and wine lees 

and other biomass fractions 

of food industrial waste 

Since the waste is often wet, fermentation is the preferred method of treat-

ment ς unless the waste is suitable as animal feed. 

High  

suitability 

Biomass fraction of industrial 

waste (non-food) 

Depends on the individual type and nature of the waste and is only suitable for 

fermentation under appropriate conditions. 

High  

suitability 

Used cooking oil and  

animal fat, animal meal 

Can under certain conditions be used as a co-substrate for fermentation, but 

only to a limited extent. 

Low  

suitability  

Agricultural waste and residues 

Straw Requires enzymatic pre-treatment, but can then be fermented. Alternative en-

ergy utilisation is also possible. 

Medium 

suitability  

Other harvest residues If herbaceous, then well suited for biogas production. High suit. 

Manure The fermentation of manure and slurry before spreading as fertiliser has nu-

merous advantages and should be standard practice in animal husbandry. 

There is no (sensible) alternative to this. 

High  

suitability 

Catch and cover crops  Depends on the individual type and nature of the crop, however most crop 

types are suitable for fermentation 

High  

suitability 

Grassland cuttings This material does not provide high biogas yields, but this use can be beneficial 

for the preservation of grassland, if the demand for animal feed will decline. 

Medium 

suitability  

Source: ifeu  
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Table 16: Substrate categories for biogas and biomethane and their suitability for use in different applications  

Waste, residue, sub-

strate 

Technical  

suitability 

Economic contraints Alternative uses Total result 

Biowaste, separately 

collected 

High suitability 
 
 
 

 

Implementation reasoned 
by waste management, to 
be shouldered by the na-
tional economy 

 

Composting ς which is 
not advantageous 

 
 

 

1st Hierarchy 

Sewage sludge High suitability 
 
 
 

 

Implementation reasoned 
by waste management, to 
be shouldered by the na-
tional economy 

 

Raw sludge ς which is 
not advantageous 

 
 

 

1st Hierarchy 

Biomass fractions of 

food industrial waste 

High suitability 
 
 

 

Centralised emergence, 
therefore cost-effective 
 

 

As long as not useful for 
animal feed (reduction 
of potential) 

 

2nd Hierarchy 

Straw Medium  

suitability 
 

 

High transport efforts and 
costly process 
 

 

Leaving more straw on 
land, or for direct firing 

 

3rd Hierarchy 

Other harvest resi-

dues 

High suitability 
 

 

Applicable for agricultural 
on-site-biogas plants 

 

Partly as organic matter 
for soil or animal feed 

 

2nd Hierarchy 

Manure High suitability 
 
 
 

 

Costly for small farms - Not 
aiming to favour factory 
farming, but reduced ani-
mal production in future. 

 

Undigested spreading ς 
which poses no ad-
vantage 

 
 

2nd Hierarchy 

Material from land-

scape management 

High suitability 
 

 

High transport efforts and 
costly process 

 

applicable for direct fir-
ing 

 

3rd Hierarchy 

Grassland cuttings Medium suitability 
 
 
 

 

High transport efforts and 
costly process 

 
 

 

Extensification leads to 
lower yields; reduced 
animal husbandry, but 
more green fodder 

 

3rd Hierarchy 

Sequential crops  

(Cover, catch crops 

Medium suitability 

 
 

 

Applicable for agricultural 
on-site-biogas plants 
 

 

Biomass also needed for 
soil improvement, green 
manure etc. 

 

3rd Hierarchy 

Source: ifeu 
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Based on the valuations in the table, the following usage hierarchy can be derived.  

1. Hierarchy (3 x ): Biowaste, separately collected and Sewage sludge:  
Although full utilisation of the potential is desirable, this depends on the waste man-
agement decisions of each individual municipality and requires the investment of pub-
lic funds. However, since an increase of only one third compared to today is assumed, 
it can be considered economically feasible for both feedstocks. 

2. Hierarchy (2 x ): Biomass fractions of food industrial waste and manure:   
While today, waste from food industry is mostly recovered, for manure it is desirable 
to increase the digestion rate; however, this is difficult to implement due to the large 
number of small farms in the EU. 

3. Hierarchy (1 x  or only ): Material from landscape management and grassland 
cuttings, straw and catch and cover crops While landscape material is mostly com-
posted or combusted a co-digestion with biowaste would be recommendable for the 
future. Grassland cuttings, which should be recovered for the maintenance of ecolog-
ical valuable grassland, can be co-digested with manure in agricultural biogas plants. 
The moderate valuation for this feedstock might be an underestimation in cases, 
where is actually at risk of being abandoned due to a lack of sales and revenue from 
cuttings and hay; thus, this material should be ranked in 3rd. hierarchy at minimum. 

The same can be assumed for catch and cover crops, which also play almost no role today 
and require the will and action of farmers for implementation.  

Digestion of straw has the highest technical potential. The technology for fermentation with 
enzymatic activation is available,22 but market expansion in Europe has so far been compar-
atively low (Flach et al., 2024). It certainly makes sense to utilise certain proportions of straw 
for biogas production. However, straw can also be utilised in many other ways. As lignocel-
lulose, it can also be processed into chemical base materials in biorefineries. Furthermore, 
no harm is caused by the fact that only a minor proportion of straw is recovered and utilised, 
as has been the case to date. This is not the case with most other feedstocks that are pro-
duced and need to be utilised.   

4.3.3 Merit order for agricultural residues 

The criteria are applied to agricultural residues below. Figure 10 shows the ranking as result 
of the assessment for the selected agricultural residues including lignocellulosic catch crops 
for the current situation (2020/25) and the forecast to the year 2050. The merit order is also 
given in Table 17. For both reference years, material uses (i.e. use for the production of 
chemicals) are in the lead over all energy uses. In the assessment for 2020/25, the further 
ranking of energy uses is primarily based on the type of energy use: high temperature pro-
cess heat ahead of district heating ahead of space heating ahead of electricity. Only fuels 
are distributed across the broad field depending on the raw material. The order of ranking 
is sorted in this way in 2050 as well; it is no longer the type of use but the type of raw ma-
terial that determines the positioning. 

The reason for this is the same as for forest wood: Over the period from 2020/25 to 2050, 
the range of scores decreases: Firstly, the burdens from biomass use are reduced, and sec-
ondly (and more effective), the credits from substitution performance are lower, too. For 

ςςςςςςςςςςςςςςςς 
22 https://www.verbio.de/en/products/verbiogas/ 

https://www.verbio.de/en/products/verbiogas/
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most paths, this means that the score result worsens over time. In other words: over the 
ƭƻƴƎ ǘŜǊƳ ǘƘŜ ōƛƻƳŀǎǎ ΨǇǊŜƳƛǳƳΩ ƎŜǘǎ ƭƻǿŜǊ ƛƴ terms of scores. 

The decrease of bonus point applies also to advanced biofuels (biomethane and bioethanol). 
However, other energy uses lose even more bonus points, so that in 2050, biofuels will even 
slightly outperform process heat, district heating, etc. However, the differences are very 
small (< 0.1 points) and are based exclusively on minor differences in the GHG balance. They 
are well within the margin of uncertainty. This means that the energy options in 2050 are to 
be evaluated equally. On the other side, the ranking primarily re-orders according to the 
type of biomass: manure ahead of straw, ahead of landscape maintenance material ahead 
of catch crops ς with minor exceptions such as process heat, which tends to rank higher 

than the other energy options. 

Figure 10: Aggregated scores for diverse agricultural residues Use in 2020/25 and 2050. 

 

Source: ifeu;  

Note, that negative values are advantageous, positive values are disadvantageous; green arrows indicate 

a rise in the ranking, red arrows indicate a fall (each by more than 3 places); thicker arrows indicate a sig-

nificant change in rank; Process heat considers only Process heat > 500°C 
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Table 17: Summary for agricultural residues; merit order for main uses based on the criteria for the year 2020/25 and for the year 

2050 

Score Agricultural residues used for Use category Product type 

 2020/25   

-3.9 Chemicals ς biomethane ς digestion Material use Manure 

-2.9 Chemicals ς biomethane ς digestion Material use Landsc. material 

-2.9 tǊƻŎŜǎǎ ƘŜŀǘ όҔрллɕ/ύ ς biomethane Energy use Manure 

-2.9 tǊƻŎŜǎǎ ƘŜŀǘ όғрллɕ/ύ ς biomethane Energy use Manure 

-2.8 Chemicals - bioethylene, hydrolysis/fermentation Material use Straw 

-2.4 Chemicals ς biomethane ς digestion Material use Catch crops 

-1.9 tǊƻŎŜǎǎ ƘŜŀǘ όҔрллɕ/ύ ς biomethane Energy use Landsc. material 

-1.8 District heating ς biomethane  Energy use Manure 

-1.8 Space heating ς biomethane  Energy use Manure 

-1.7 Road transport, advanced biofuel - biomethane Energy use Manure 

-1.4 tǊƻŎŜǎǎ ƘŜŀǘ όҔрллɕ/ύ ς biomethane Energy use Catch crops 

-1.4 Process ƘŜŀǘ όғрллɕ/ύ ς biomethane Energy use Landscape material 

-0.8 District heating ς biomethane  Energy use Landscape material 

-0.8 Space heating ς biomethane  Energy use Landscape material 

-0.3 District heating ς biomethane  Energy use Catch crops 

-0.3 Space heating ς biomethane  Energy use Catch crops 

0.0 Road transport adv. biofuel - biomethane Energy use Landscape material 

0.3 tǊƻŎŜǎǎ ƘŜŀǘ όҔрллɕ/ύ Energy use Straw (pellets, bales) 

0.5 Road transport adv. biofuel - biomethane Energy use Catch crops 

0.7 tǊƻŎŜǎǎ ƘŜŀǘ όғрллɕ/ύ Energy use Straw (pellets, bales) 

0.9 Electricity ς biomethane Energy use Manure  

0.9 District heating  Energy use Straw (pellets, bales) 

0.9 tǊƻŎŜǎǎ ƘŜŀǘ όғрллɕ/ύ ς biomethane Energy use Catch crops 

1.6 Electricity  Energy use Straw (bales) 

1.9 Electricity ς biomethane Energy use Landscape material 

2.1 Road transport adv. biofuel - bioethanol, hydrolysis/ferment. Energy use Straw 

2.4 Electricity ς biomethane Energy use Catch crops 

 2050   

-2.2 Chemicals ς biomethane ς digestion Material use Manure 

-1.2 Chemicals ς biomethane ς digestion Material use Landscape material 

-0.9 tǊƻŎŜǎǎ ƘŜŀǘ όҔрллɕ/ύ ς biomethane Energy use Manure 
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Score Agricultural residues used for Use category Product type 

-0.8 Aviation/shipping, advanced biofuel - biomethane Energy use Manure 

-0.7 Chemicals ς biomethane ς digestion Material use Catch crops 

-0.5 Chemicals - bioethylene, hydrolysis/fermentation Material use Straw 

0.1 tǊƻŎŜǎǎ ƘŜŀǘ όҔрллɕ/ύ ς biomethane Energy use Landscape material 

0.2 Road transport, advanced biofuel - biomethane Energy use Manure 

0.3 District heating ς biomethane  Energy use Manure 

0.3 Space heating ς biomethane  Energy use Manure 

0.5 Electricity ς biomethane / biogas (direct) Energy use Manure 

0.5 Aviation/shipping, advanced biofuel - biomethane Energy use Straw 

0.5 tǊƻŎŜǎǎ ƘŜŀǘ όҔрллɕ/ύ Energy use Straw (pellets, bales) 

0.6 tǊƻŎŜǎǎ ƘŜŀǘ όҔрллɕ/ύ Energy use Catch crops 

0.9 Aviation/shipping, advanced biofuel - biomethane Energy use Catch crops 

1.0 Road transport adv. biofuel - ethanol, hydrolysis/fermentation Energy use Straw 

1.2 tǊƻŎŜǎǎ ƘŜŀǘ όғрллɕ/ύ Energy use Straw (pellets, bales) 

1.2 District heating  Energy use Straw (pellets, bales) 

1.2 Electricity  Energy use Straw (bales) 

1.3 tǊƻŎŜǎǎ ƘŜŀǘ όғрллɕ/ύ ς biomethane Energy use Landscape material 

1.3 District heating ς biomethane  Energy use Landscape material 

1.3 Space heating ς biomethane  Energy use Landscape material 

1.3 Road transport, advanced biofuel - biomethane Energy use Landscape material 

1.5 Electricity ς biomethane / biogas (direct) Energy use Landscape material 

1.8 District heating  Energy use Catch crops 

1.8 Space heating Energy use Catch crops 

1.8 Road transport, advanced biofuel - biomethane Energy use Catch crops 

2.0 Electricity  Energy use Catch crops 

Source: ifeu; note: higher scores with positive sign are less favourable (equivalent with burdens) than low 

scores and negative signs (equivalent with relief). 

Rated use options are assigned to groups (see score):  

green favourable: <0 score;  yellow rather favourable: 0 - <2 score;  

orange rather unfavourable: 2 - <4 score;  red unfavourable: >4 score 
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Overall, it can be concluded that for all four feedstocks  

¶ the best results are achieved when the material is used for chemicals.  

¶ the ranking of the technical route and the end use is mostly the same: 

1. Chemicals 

2. advanced biofuel  

3. process heat (> 500°C)  

4. process heat (< 500°C)  

5. district heat 

6. space heat 

7. electricity  

An overall ranking of the feedstocks is also visible: manure achieves the best result; its di-
gestion has many advantages if digestates are also used as organic fertiliser and best prac-
tices are applied for its use in the fields, so as to minimise nitrogen leakage. Thus, it is gen-
erally important to reduce the amount of unprocessed manure produced as much as possi-
ble. The favourable result here depends solely on the fact that undigested manure causes 
even greater damage to the environment and climate. This applies even more to the source 
of manure: animal production. In accordance with the basic requirements for the scenario 
based on the Agora work and to be refined here, livestock is significantly reduced. However, 
the manure produced from the remaining stock should be digested as far as possible. 

Landscape material is generated as a result of necessary maintenance measures. Straw is a 
by-product of cereal crops and catch crops have a much lighter land footprint as long as 
their cultivation does not alter the main cropΩǎ rotation and productive time. These ad-
vantages are reflected in the scoring. 

Two points are therefore key: 1. Priority should always be given to use in chemical produc-
tion, especially as this path is still largely unexplored, and 2. The disposal of manure via an-
aerobic digestion with digestates as co-product must be promoted (there is potential for 
disposing of a larger share of the manure this way today). Larger potential also exists for the 
other residues evaluated.  

4.3.4 Merit order for other wastes and residues 

Possible uses for other wastes and residues 

Biomass fraction of mixed municipal waste, including bulky household waste, contains very 
different types and proportions of biomass, such as native, easily fermentable materials 
(biowaste) as well as paper or wood. The following options are available for utilisation: 

¶ Separation of these fractions through mechanical sorting and subsequent targeted utili-
sation (paper, waste wood, (other) biowaste for fermentation) 

¶ Composting or digestion of the entire waste, associated with subsequent landfilling of 
the residue; in case of digestion, there is a certain outcome of biogas. However, the resi-

due still contains organic matter.  



ifeu = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = 77 

¶ Incineration of the entire waste; the residue (ash, slags) is quite free from organic mate-
rial; the produced energy is used for power generation and/or district heating or process 

heat. 

¶ Novel treatment options, such as gasification or pyrolysis with the goal of producing fuels 
or basic chemicals (e.g. methanol from syngas) with the goal of producing fuels or basic 
chemicals (e.g. methanol from syngas). 

For separately collected paper waste, recycling is the preferred option by far. Separate col-

lection of paper waste should be advanced where still possible.  

For separately collected waste wood, the options for utilisation are: 

¶ Material recycling for wood-based materials (chipboard), as long as the pollutant content 
fulfils the necessary quality requirements. 

¶ Incineration with power generation and/or district heating or process heat provision. 

¶ Novel treatment options, such as bio-chemical or thermo-chemical processes with the 
goal of producing fuels or basic chemicals (e.g. methanol from syngas). 

The conglomeration of biomass fractions of industrial waste, not fit for use in the food or 
feed chain, is extremely heterogeneous and can hardly be described uniformly with regard 
to a suitable utilisation. RED III summarizes such wastes in Annex IX Part A under point (d). 
Developments in recent years, particularly in Germany, show that this incentive to promote 
this very vaguely defined waste category has led to enormous growth in the production of 
advanced biofuels (BLE, 2024). It is difficult to make a judgement here, but it should be noted 
that this exploitation practice under RED III has recently led to conflicts and market distor-

tions in Germany, in particular with regard to possible fraud (Suzan, 2023). 

Used cooking oil (UCO) is much more clearly defined and, due to its material properties, is 
predestined for high-quality utilisation exploiting its oil character. Depending on the quality 
and content of harmful heat-borne substances, UCO could be utilized for animal feed pur-
poses or for material utilisation in oleochemistry. Due to the promotion mechanisms of 
RED III, most of the collected UCO is processed into biofuel. It should be emphasised that 
the largest proportion of UCO used in the EU comes from imports, primarily from East Asia. 
The lack of transparency in the supply chains must also be pointed out here. 

Together with UCO, animal fat belongs to the so-called Part B raw materials according to 
RED III Annex IX. The prerequisite is classification as categories 1 and 2 in accordance with 
Regulation (EC) No 1069/2009. The potentials for animal fat are somewhat lower than for 
UCO, but the same utilisation possibilities apply. This raw material is particularly in demand 
in the oleochemical industry. 

Tall oil pitch is a solid residue from distilling tall oil, which is the by-product of sulphate pulp 
mill. Like black liquor (another residue from pulp mills), it is listed in Annex IX part A of the 
RED III. 23 Tall oil pitch is diversely used in numerous industrial processes, such as rubber 
polymerisation (European chemicals agency, 2025). For more than ten years, a company 
concept offers a technology for processing it into a fuel (Lipponen, 2013). 

Black liquor is a by-product from digesting pulpwood into paper pulp removing lignin, hem-
icelluloses and other extractives from the wood to free the cellulose fibres. Currently this 
residue is mostly used as fuel for heat and steam production within the pulp and paper 

ςςςςςςςςςςςςςςςς 
23 Tall oil pitch separately under (h), tall oil and black liquor subsumed under (o).   



78 = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = ifeu  

  

 

industry itself. Other ways to valorise black liquor are hindered due to the lack of effective 
processes for removal of toxicity. However, there are many ambitions to forward alternative 

technologies and ways to use this source, considering the large carbon pool of this residue.  

Straw from cereals is identified as one of the largest sources of biogenic residues which are 
not yet widely exploited considering there is sufficient availability. As a rather homogenous 
lignocellulosic source, it can be used directly as fuel, pelletised or baled (IEA Bioenergy, 
2024). However, straw is not a simple fuel due to its high silicate content. Simple fermenta-
tion is also not trivial but requires specific enzymatic pre-treatment. Straw can then be fer-
mented into biogas or bioethanol. The biogas process has been used successfully for years 
(Mohrenweiser et al., n.d.). The ethanol process has not yet been able to establish itself 
commercially (Bioökonomie.de, 2023). These products can be used as fuel or as a chemical 
raw material. Straw can also be utilised directly as a material (e.g. construction material or 
consumer goods), but the demand potential is limited in terms of quantity. What applies to 
straw essentially also holds true for nutshells, cobs and husks.  

The merit order ladder for other wastes and residues. 

Figure 11 gives the ranking for the selected three very different feedstocks. The tendency 
here in 2020/25 also shows material uses in the lead, but the picture is more diverse. Most 
use options of UCO are ranked higher overall and are predominantly ahead of the uses of 
black liquor which itself leads before waste wood. In the transition to 2050, the field is sort-
ing itself in such a way that the type of use is becoming more decisive than the type of 
biomass. This is exactly the opposite effect to that observed with agricultural residues. In 
the case at hand, the significant differences in the material properties of the waste types 
will be more decisive in the future than the type of use.  

UCO and animal fat has a high energy content and needs no high efforts in processing in 
advance. This favours a good scoring for virtually all types of use; its use as a raw material 
for oleochemistry delivers the best results today and will continue to do so in the future. 
Black liquor is a rough condensate from paper processing with a moderate energy content; 
due to its heterogeneous composition, its use in chemistry requires considerable effort, 
whereas its use as process energy does not. Used wood as a solid biomass needs high pro-
cessing for chemicals or fuel production and less for direct energy use.  
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Figure 11: Aggregated scores for other wastes and residues Use in 2020/25 and 2050. 

 

Source: ifeu;  

Note, that negative values are advantageous, positive values are disadvantageous; green arrows indicate 

a rise in the ranking, red arrows indicate a fall (each by more than 3 places); thicker arrows indicate a sig-

nificant change in rank; Process heat considers only Process heat > 500°C 

Overall, it can be concluded that use of UCO and animal fat for oleochemistry should be 
favoured today as well as in future.  

The results for black liquor are partly transferable for other residues from paper production, 
such as tall oil. While for tall oil, even today there are multiple pathways for chemical use, 
black liquor is a more complicated material, processing it to chemicals is still not that ad-
ǾŀƴŎŜŘΦ ¢ƘŜ ǳǎŜ ŦƻǊ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜ ǇǊƻŎŜǎǎ ƘŜŀǘ ƛǎ ǇǊŜŦŜǊŀōƭŜ ŦǊƻƳ ǘƻŘŀȅΩǎ perspective; 
however, new developments may change this assessment in the future but are not expected 

at this point.  

For used wood the same order of rankings applies as for the other substances. Here it be-
comes clear once again that, in view of the high material losses of processes, the synthesis 
of products scores well in terms of evaluation for use in chemicals, ranks only in the middle 
for use in aviation fuels, and comes in last for road transport. Complex manufacturing pro-

cesses therefore are better ranked for products that also have a high substitution value. 
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Table 18: Summary for other wastes and residues; merit order for main uses based on the criteria for the year 2020/25 and for the 

year 2050 

Score Other wastes or residues used for Use category Product type 

 2020/25   

-5.5 Oleochemicals Material use UCO/animal fat 

-1.9 Process ƘŜŀǘ όҔрллɕ/ύ Energy use UCO/animal fat 

-1.8 Aviation/shipping ς conventional biofuel Energy use UCO/animal fat 

-1.5 tǊƻŎŜǎǎ ƘŜŀǘ όғрллɕ/ύ  Energy use UCO/animal fat 

-1.5 District heating Energy use UCO/animal fat 

-1.3 Chemicals ς methanol ς gasification Material use Black liquor 

-0.7 Road transport ς conventional biofuel Energy use UCO/animal fat 

-0.0 Chemicals ς methanol ς gasification Material use Used wood 

0.0 tǊƻŎŜǎǎ ƘŜŀǘ όҔрллɕ/ύ Energy use Black liquor 

0.1 Aviation/shipping ς adv. biofuel ς methanol ς gasific. Energy use Black liquor 

0.3 tǊƻŎŜǎǎ ƘŜŀǘ όҔрллɕ/ύ Energy use Used wood 

0.7 Process heat (<рллɕ/ύ Energy use Used wood 

0.7 District heating Energy use Used wood 

1.2 Road transport ς adv. Biofuel ς methanol ς gasification  Energy use Black liquor 

1.3 Electricity  Energy use Black liquor 

1.5 Electricity  Energy use UCO/animal fat 

2.0 Aviation/shipping ς adv. biofuel ς methanol ς gasific. Energy use Used wood 

2.3 Electricity  Energy use Used wood 

3.1 Road transport ς adv. Biofuel ς methanol ς gasification  Energy use Used wood 

 2050   

-0.4 Oleochemicals Material use UCO/animal fat 

-0.4 Chemicals ς methanol ς gasification Material use Black liquor 

0.3 Chemicals ς methanol ς gasification Material use Used wood 

0.3 tǊƻŎŜǎǎ ƘŜŀǘ όҔрллɕ/ύ  Energy use UCO/animal fat 

0.5 tǊƻŎŜǎǎ ƘŜŀǘ όҔрллɕ/ύ Energy use Black liquor 

0.5 tǊƻŎŜǎǎ ƘŜŀǘ όҔрллɕ/ύ Material use Used wood 

0.7 Aviation/shipping ς conventional biofuel Energy use UCO/animal fat 

0.8 Aviation/shipping ς adv. biofuel ς methanol ς gasification  Energy use Black liquor 

1.0 Road transport ς conventional biofuel  Energy use UCO/animal fat 

1.0 tǊƻŎŜǎǎ ƘŜŀǘ όғрллɕ/ύ Energy use UCO/animal fat 



ifeu = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = 81 

Score Other wastes or residues used for Use category Product type 

1.0 Road transport ς adv. Biofuel ς methanol ς gasification  Energy use Black liquor 

1.2 tǊƻŎŜǎǎ ƘŜŀǘ όғрллɕ/ύ Energy use Used wood 

1.3 Aviation/shipping ς adv. biofuel ς methanol ς gasification  Energy use Used wood 

1.5 District heat Energy use UCO/animal fat 

1.6 Electricity  Energy use Black liquor 

1.6 District heat Energy use Used wood 

1.6 Electricity  Energy use UCO/animal fat 

1.7 Electricity  Energy use Used wood 

1.8 Road transport ς adv. Biofuel ς methanol ς gasification  Energy use Used wood 

Source: ifeu; note: higher scores with positive sign are less favourable (equivalent with burdens) than low 

scores and negative signs (equivalent with relief). 

Rated use options are assigned to groups (see score):  

green favourable: <0 score;  yellow rather favourable: 0 - <2 score;  

orange rather unfavourable: 2 - <4 score;  red unfavourable: >4 score 
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4.4 Conclusion from the assessment 

First of all, the application of the criteria confirms in the absolute majority of cases studied 
that material uses are to be favoured over energy use. However, a more detailed analysis 
provides further differentiation for individual cases. The range of possible variations and 
combinations between biomass types on the one hand and uses on the other is far more 
diverse than is analysed and presented in this study. Alternative conversion technologies 
bring further differentiation into play. These can have an impact on the result in terms of 
efficiency and/or GHG balance. Such differentiations in terms of material sourcing or effi-
ciency can be demonstrated with the processing of industry or agroforestry wood as a 
source of ligneous feedstocks for chemicals, for example. The allocation exercise carried out 
aimed at striking a balance between the necessary level of granularity and simplification for 

a workable yet informative outcome.  

Wood biomass can come from different sources and be utilised in very different ways. As a 
result, it makes a difference whether the wood is harvested from the forest or grown on 
agricultural land. If it is to be used as a raw material for chemicals, the type of conversion is 
also decisive. In the case considered here, the thermochemical pathway (gasification) and 
production of methanol were chosen, as they are considered the most likely according to 
the state of conversion (Lindorfer et al., 2022). However, this path is associated with high 
raw material losses, which primarily affects the result in terms of material efficiency.  

This is also relevant in the GHG balance and even leads to a distinction between forest wood 
and agriwood: The removal of wood from the forest is associated with a negative impact on 
the carbon sink of the forest, while the cultivation of agriwood is more likely to have an 
advantage for the sink. In this case, the production of basic chemicals (methanol) from forest 
wood leads to a score of 2.9, while agriwood achieves 2.0. Therefore, this has an overall 

impact on the question of which resource should preferably be used.  

The ranking of biomass uses allocation criteria shall be applied to the quantitative biomass 

potentials, as these are elaborated in section 6. 
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5 Biomass use in the EU-27 today 

Given the differences in accounting for biomass demand across studies, this section will re-
view a selection of data sources, explƻǊŜ ŘƛŦŦŜǊŜƴŎŜǎ ŀƴŘ ǇǊƻǾƛŘŜ ŀƴ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƻŘŀȅΩǎ 
biomass use (volumes and sourcing categories). This review will contextualise the approach 
used in the Agora scenarios for demand and supply, as detailed in Chapter 6, which serves 

as a reference point for this study.  

Various studies by JRC form the basis for the scenarios for 9¦ /ƻƳƳƛǎǎƛƻƴΩǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ 
ά{ŜŎǳǊƛƴƎ ƻǳǊ ŦǳǘǳǊŜ ς 9ǳǊƻǇŜϥǎ нлпл ŎƭƛƳŀǘŜ ǘŀǊƎŜǘ ŀƴŘ ǇŀǘƘ ǘƻ ŎƭƛƳŀǘŜ ƴŜǳǘǊŀƭƛǘȅ ōȅ нлрлέ 
(European Commission, 2024a). However, these scenarios are limited to the energetic use 
of biomass and do not cover material use (timber, fibres, chemicals). Nevertheless, insights 
to data for biomass use and availability can be found in the JRC study from Avitabile et al. 
(2023). Further data is provided by the DATAM platform of the European Commission.24 

5.1 Current energy and material demand: data sourcing 
and methodological approaches 

Figure 12 displays the biomass use, outside food and feed, in the EU-27 today, based on the 
EU Fossil Gas Exit scenario covering the energy use and referring to the year 2018. The data 
is based on Material Economics (2021) for the material side (timber and fibres, which in-
cludes pulp and paper as well as particle boards etc.). The total demand for material and 
energy is approximately 2,300 TWh equivalent, referring to the energy content (lower heat-
ing value) of the utilized biomass. In mass unit, this corresponds roughly to 550 million 

tonnes of dry matter. 

ςςςςςςςςςςςςςςςς 
24 Data-Modelling platform of resource economics (link ) 

https://datam.jrc.ec.europa.eu/datam/public/pages/previousFilters.xhtml?dataset=34178536-7fd1-4d5e-b0d4-116be8e4b124
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Figure 12:  Biomass use in the EU-27 today (2018) ς values in TWh referring to energy content (lower heating value) of the applied 

biomass. 

 

Note: Values in TWh refer to energy content (lower heating value) of the applied biomass  

Source: Compilation by ifeu based on EU fossil gas exit  study (Graf et al., 2023); (Material Economics, 

2021); illustration by ifeu 

CƛƎǳǊŜ мо ŎƻƳǇŀǊŜǎ ǘƘŜ ǾŀƭǳŜǎ ŦƻǊ ŎǳǊǊŜƴǘ ōƛƻƳŀǎǎ ǳǎŜ ƛƴ ǘƘŜ 9¦πнт ǘŀƪŜƴ ŦǊƻƳ !ƎƻǊŀ ǿƛǘƘ 

ǾŀƭǳŜǎ ŦǊƻƳ ǘǿƻ ƻǘƘŜǊ ǎƻǳǊŎŜǎΥ  

¶ ¢ƘŜ ōŀǎŜƭƛƴŜ ŦƻǊ ǘƘŜ ǎŎŜƴŀǊƛƻǎ ŘŜǾŜƭƻǇŜŘ ōȅ ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ 

ƻŦ 9ǳǊƻǇŜϥǎ нлпл ŎƭƛƳŀǘŜ ǘŀǊƎŜǘ π 9/ нлпл L! ǎŎŜƴŀǊƛƻ ό9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΣ нлнпŀύΦ 

¶ ¢ƘŜ 9ǳǊhōǎŜǊǾϥ9w ōŀǊƻƳŜǘŜǊǎ ό9ǳǊhōǎŜǊǾ9wΣ нлнпōύ 

However, it should be emphasised that the various sources are difficult to compare with one 
another. One issue is that the reference years do not correspond exactly. In addition, the 
energy categories do not always correspond for example, the EC 2040 IA scenario combines 
electricity and district heating. In the EurObserv'ER barometer, the electricity and/or heat 
from CHP plants are distinguished from non-combined production; however, district heat-
ing, process heat for industry and domestic heating are not differentiated. In addition, con-
versions from oil equivalents and, in some cases, from final energy data must be carried out. 
Thus, different statistical calculations methods and specific model assumptions partly ex-
plain the deviations between the different source data.  

Nevertheless, learnings can still be drawn. Firstly, in total sums the EU Fossil Gas Exit sce-
nario comes in below the values of the EC 2040 IA scenario (30% more) and the Eu-
ǊhōǎŜǊǾΩ9w όмп% more). The data align closely when comparing the EU Fossil Gas Exit 
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scenario with the EU Commission's baseline for fuels, domestic heating and industrial heat-
ing. However, there are considerable differences between electricity and district heating 
values (both summarised as one category in the EC scenario). According to this, more than 
twice as much bioenergy is used in the EC scenario (721 TWh electricity and district heating 
in 2021, compared with 350 TWh in 2018 by the Agora study). The EurObserv'ER barometers 
show a biomass input of 478 TWh in 2022 for electricity and district heating (EurObservER, 
2024b), which is in between the values of EU Fossil Gas Exit scenario and the EU Commis-
ǎƛƻƴΩǎ ōŀǎŜƭƛƴŜΦ 

This brief comparison of various data sources for compiling electricity and district heating 
demand from biomass shows the difficulty in obtaining accurate values. There is currently 
no standardised method for this category of data, hence the observed deviations. All refer-
ences are based on model calculations and collected statistical data with known weak-
nesses.  

Figure 13: Biomass use in the EU-27 today - ŎƻƳǇŀǊƛƴƎ ǘƘŜ !ƎƻǊŀ ōŀǎŜƭƛƴŜ όнлмуύ ŀƴŘ Řŀǘŀ ŦǊƻƳ 9ǳǊhōǎŜǊǾΩ9w ōŀǊƻƳŜǘŜǊ ŀƴŘ ǘƘŜ 9/ 

2040 IA scenario (2021) 

 

Source: (Graf et al., 2023), (European Commission, 2024a), (EurObservER, 2024b); illustration: ifeu 

The origin and type of biomass for the mode of use is analysed in more detail below. The 
biomass is disaggregated in groups according to its main source: forest wood biomass, crop-
based biomass and waste and residues. An attempt is also made to shed further lights on 
the differences between the analysed data sets from Agora scenario, JRC, the EC scenario 

and others. 

5.2 Forest wood biomass (solid) 

The following sections provide information, firstly, on the supply of forest wood based on 
surveys conducted by Agora scenarios and other sources, in particular work carried out by 
the JRC (Avitabile et al., 2023; Camia et al., 2021; Cazzaniga et al., 2019). Secondly, the uti-

lisation of forest wood and the quantities involved will be elucidated. 

5.2.1 Forest wood supply 

According to Eurostat data, between 550 and 560 Mm3 of wood (including bark) was re-
moved from EU27 forests each year between 2019 and 2022 (Eurostat, 2025a). The Annual 
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Wood Resource The JRC's WRB reports indicate extractions of up to 474 Mm³  (Cazzaniga et 
al., 2019), across categories such as sawn wood, industrial wood, and fuelwood, including 
net imports. The forest part of the Agora study refers to that source and projected a baseline 
for 2020. Avitabile et al. (2023) estimate that 85% of EU roundwood production is covered 
by domestic supply, with 2.2% being imported and the remainder stemming from unre-
ported or otherwise unknown sources, not included in official data (Avitabile et al., 2023). 
Last publications by (Eurostat, 2023) show, that net imports from roundwood prior to 2020 
have since turned to net exports (with 5.7 Mm3 in 2020 up to 12.6 Mm3 in 2022). There is a 
constant net import of energy wood into the EU, but on a smaller scale than the net imports 
and exports of roundwood. 

While wood balances are mostly expressed in volumetric units (m3 or Mm3), the Agora sce-
nario is expressed in energy units (TWh). This requires a uniform and consistent conversion. 
The applied conversion factor is 2.55 MWh/m3,25 representing a reliable average of ranges 
given by wood species and final moisture content. Table 19 gives the baseline data in thou-
sand m3 and the conversion in TWh per year, referring to the year 2020. 

Table 19: Forest wood supply and recovered wood-related waste streams in the EU 27 in 2020 

Supply 
Trend progression a) 

thousand m3 
Converted to  

TWh b) 

PRODUCTION EU_27 

Industrial roundwood removals (conifer) 293,951 660 

Industrial roundwood removals (non-conifer) 81,677 258 

Fuel wood removals (conifer) 33,632 76 

Fuel wood removals (non-conifer) 82,582 261 

Bark 69,612 173 

Total production (under bark) 491,841 1,254 

Total production (over bark)  561,453 1,432 

Unreported   101 

Other uncategorised wood c)  123 

Total overall  561,453 d) 1,650 

Source: a) Eurostat data (n.d.), (Cazzaniga et al., 2019); b) by (Agora Agriculture, 2024) with reference to 

(Material Economics, 2021); c) (Avitabile et al., 2023; d) unreported sources not included 

Based on data from Eurostat (2024), it is estimated that approximately 561Mm³ 
(1,427TWh) of forest wood (including residues and bark) is available for utilisation. The data 
is subject to significant uncertainty: Avitabile et al. (2023) indicated underestimations of up 
to 13% due to incomplete fuelwood reporting. The JRC study estimates 539 Mm3 plus 
12 Mm3 net imports and 66 Mm3 from unreported sources in 2017. This estimate is there-
fore significantly higher than that of Eurostat. Considering the unreported wood sources, 
which adds up to 223 TWh, according to (Material Economics, 2021) and (Avitabile et al., 

ςςςςςςςςςςςςςςςς 
25 With 2,24 MWh/m3 for coniferous wood (softwood) and 3,16 MWh/m3 for non-coniferous wood (hard-
wood) 
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2023) and recognising that there are no more net imports in 2020, we calculate the final 
total of available forest wood to be 1,650 TWh. 

The flows of wood markets are closely linked with waste streams but often lack detailed 
differentiation. Sawmill by-products are derived from the processing of roundwood and are 
distinct from post-consumer waste materials such as waste wood or paper, as well as from 
process residues like black liquor. These material flows are analysed in more detail in section 
5.4.2. 

5.2.2 Forest wood demand 

According to the Agora scenario based on Material Economics (2021), consumption in the 
EU27 in 2018 is as shown in Table 20. According to this scenario, 677 TWh will be processed 
as timber for material use, with an additional 314 TWh going into the production of fibres. 
As Table 20 shows, 336 TWh are used directly as energy wood. However, the ratios shift 
significantly along the processing chain up to the end products. The demand for energy 
wood according to EU Fossil Gas Exit (Graf et al., 2023) amounts to a total of 1,038 TWh. 

Table 20: Forest wood consumption in the EU 27 in 2018 

Demand 

Total demand for 
solid biomass  

TWh 

Contribution by 
waste streams 

TWh 

Contribution by  
forest wood 

TWh 

Material use a) 

Timber (all roundwood directed to sawmills, chip-

board production and other material uses) 

677 0 677 

Fibre (pulp, paper, others) 314  314 

Total material use 991  991 

Energy use b) 

Space heat 499 78 421 

District heat 180 0 180 

Process heat >500°C (industry) 292 158 134 

Synfuel 11   

Electricity 66 51 15 

Total energy use 1,038 287 750 

Total overall 2,057 287 1,641 

Source: a) by (Agora Agriculture, 2024) with reference to (Material Economics, 2021); b) (Graf et al., 2023) 

A more detailed allocation of forest wood and the reasoning for the assumed supply can be 
found in Chapter 9 in Annex 1. 
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5.3 Agricultural crops  

5.3.1 Food and feed crops for non-food purposes 

The following data is based on the Agora study Breaking free from fossil gas (Graf et al., 
2023). It is supplemented and in some cases differentiated according to other sources such 
as: USDA GAINS report (Flach et al., 2024), (Material Economics, 2021), JRC (Spekreijse et 
al., 2019), EBA (Wouters et al., 2020). 

Combining these data sources, crop-based biomass is currently grown to produce around 
230 TWh of products for the non-food sector in Europe. Of these, biofuels for transport 
account for half of the total feedstock, at 115 TWh. This is mainly based on oilseeds, espe-
cially rapeseed. Until 2020, palm oil also played a certain role, but it has since lost im-
portance due to its phase-out with regard to its eligibility for the biofuel quota under RED III. 
Based on the data from (Flach et al. 2024), we derived 128 PJ crop-based biofuel, thus a 
slightly higher value than the one taken from Graf et al. (2023). Since this study does not 
differ between crop and biofuel type, the specific proportions according to Flach et al. 
(2024) are also used for the specific biofuel quantities according to Graf et al. (2023) for the 
illustration in Figure 14. 

Roughly 80 TWh of products from crops is biogas (including biomethane). The major crop 
here is green maize, whereby other crops such as green rye, green wheat or field grass also 
take up a certain amount. According to data published on behalf of the EBA (Wouters et al., 
2020), 41% of the biogas produced in 2019 is based on dedicated energy crops. This corre-
sponds to the 80 TWh quoted above. The EU country with the largest share of energy crops 
in biogas production is Germany (see also section 10.4). 

Figure 14: Current use of crop-based biomass for transport fuel, energy (biogas) and chemicals (in TWh referring to biomass input) 

 

Source: Calculation by ifeu based on (Graf et al., 2023), (Material Economics, 2021). (Spekreijse et al., 

2019) 
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For crop-based chemicals, data from JRC (Spekreijse et al., 2019) is used. They amount to a 
total of 4.7 million tonnes for 2019, including a share of around 0.6 million tonnes based on 
wood fibres. Without this, the total amount of crops converted into chemicals is can be cal-
culated at approx. 38 TWh. Around 35 TWh are based on vegetable oils, half of which from 
palm oil and palm kernel oil, others from soybean oil, rapeseed, sunflower. Major applica-
tion are surfactants, paints, coatings, inks and dyes, adhesives, cosmetics and personal care 
products, polymers and lubricants.  

5.3.2 Land occupied for crop cultivation 

The area required for the production of agricultural biomass is calculated taking into account 
crop yields and conversion rates. This is done here on an approximative basis. For transport 
fuels, an area of around 5 million hectares is calculated. This value is lower than an estimate 
by ifeu in a study for Transport & Environment (Fehrenbach et al., 2023), which arrived at 
9.6 million hectares for the EU-27 plus the UK for 2020. If the area used for co-products (e.g. 
rapeseed meal) is deducted from this figure, this still leaves 5.3 million hectares. The ap-
proximate value here is therefore considered robust.  

For biogas, 2.1 million hectares are calculated in a similarly simplified way, assuming that it 
is only maize, for which a yield value of 131 MJ biomethane per hectare (according to the 
data from the BioGrace calculator) is used. The assumption of only maize must also be con-
sidered an underestimate here, as all other cultivated biomass for the biogas plant is signif-
icantly less land efficient. There are more detailed estimations in Chapter 10, particularly 
with focus on the German case. 

For chemical feed stock, 1.6 million hectares are calculated in the same way. In total, this 
results in an area of 8.7 million hectares for agricultural biomass. 

5.4 Wastes and residues 

5.4.1 Agricultural residues 

According to Avitabile et al. (2023), 93 million tonnes (dry matter) of harvested crop residues 
have been used in 2019, corresponding to 13% of the total biomass supply in the EU-27. One 
third of the collected crop residues is used for feed and bedding and horticulture purposes. 
The remaining two thirds are discarded or used for energy purposes. There is data available 
that specifies the respective shares and quantities. Assuming a typical energy content of 
cellulosic material, 62 million tonnes correspond to 260 TWh with unknown whereabouts. 
According to Flach et al. (2024), below 1 TWh of fuel based on agricultural residues has been 

accounted under the RED in 2020. 

The numbers are clearly higher for biogas production from agricultural residues, which pro-
vide 24% of the biogas produced in 2019 according to Wouters et al. (2020). This corre-
sponds to 48 TWh. Parts of the harvest residues (see above) are included here, while the 
major feedstock is assumed to be manure.  
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5.4.2 Other wastes and residues 

In addition to forestry and agricultural residues, numerous other biogenic wastes and resi-
dues are used. The following list is based on analyses by ifeu of the GEXIT study (Graf et al., 
2023), (Material Economics, 2021), various studies by JRC (Avitabile et al., 2023), (Scarlat et 
al., 2018), EU bioeconomy monitor (Korosuo et al., 2024), (Malins, 2023) and (Flach et al., 
2024). Figure 15 shows how these wastes and residues are used. 

¶ ¦ǎŜŘ ǿƻƻŘ фп  ¢²Ƙ 

¶ .ƭŀŎƪ ƭƛǉǳƻǊ όƛƴŎƭǳŘƛƴƎ ǇƛƴŜ ƻƛƭΣ Ŧŀǧȅ ŀŎƛŘǎύ мсу  ¢²Ƙ 

¶ ¦ǎŜŘ ŎƻƻƪƛƴƎ ƻƛƭ ό¦/hύ пр  ¢²Ƙ 

¶ !ƴƛƳŀƭ Ŧŀǘ όŎŀǘŜƎƻǊȅ м ŀƴŘ нύ мп  ¢²Ƙ 

¶ {ŜǿŀƎŜ ǎƭǳŘƎŜ мс  ¢²Ƙ 

¶ !ƴƛƳŀƭ ŀƴŘ ƳƛȄŜŘ ŦƻƻŘ ǿŀǎǘŜ нл  ¢²Ƙ 

¶ .ƛƻǿŀǎǘŜ ǎŜǇŀǊŀǘŜ ŎƻƭƭŜŎǘŜŘ ом  ¢²Ƙ 

¶ IƻǳǎŜƘƻƭŘ ǇŀǇŜǊ ŀƴŘ ŎŀǊŘōƻŀǊŘ ǿŀǎǘŜǎ мпр  ¢²Ƙ 

   

Figure 15:  Biomass use in the EU-27 today (2020) 

 

Source: Calculation by ifeu based on (Graf et al., 2023), (Material Economics, 2021), (Avitabile et al., 

2023), (Scarlat et al., 2018) , (Korosuo et al., 2024; Scarlat et al., 2018),(Malins, 2023), (Flach et al., 2024) 
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5.5 Conclusions from the status quo analysis 

Currently, the EU27 utilises around 550 million tonnes of biomass (dry matter) for non-food-
purposes, which corresponds to an energy content of roughly 2,300 TWh (lower heating 
value) of the utilized biomass.  

In this analysis, this amount was differentiated according to the type of biomass and its use. 
Forest wood accounts for by far the largest share of biomass, at almost three quarters.  
Around 10% comes from cultivated crops. Including wastepaper, the waste and residual ma-

terials sector accounts for 15%. 

Utilisation is around 60%. Fibre applications (chipboard, paper, pulp) dominate material uti-
lisation. Only 16% of harvested forest wood is processed into sawn timber. The chemical 
sector accounts for 2% of biomass. 

Despite very reliable sources, the figures are subject to a certain degree of uncertainty. The 
underlying surveys differ in some respects in terms of their methodology. Thus, accuracy in 
biomass use data collection and compilation methodologies will become more and more 
important over time as constraints on biomass supply and use will increase. Moreover, ef-
fective policies to steer biomass use will require comprehensive, sound and harmonised 
data sets. 
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6 The Agora biomass scenario 

This chapter elaborates the !ƎƻǊŀΩǎ biomass scenario built on existing work conducted by 
Agora think tanks (Agora Agriculture, 2024; Graf et al., 2023). These reports serve as the 
primary basis for data and basic assumptions with regard to biomass demand and supply in 
the EU starting from today's situation (see section 5) until 2050. The task here is: 

¶ To refine the granularity of biomass types and demands, essentially to reflect a high de-
gree of differentiation in biomass, without delving too deep into details; the correspond-
ing categories of biomass types and types of use are described and explained in detail in 
Section 3.8; further literature data is used for refinement, in particular studies by JRC. 

¶ To develop a biomass supply and demand projection for the period up to 2050 within this 

granularity and based the groundwork done by the Agora think tanks (see section 6.1). 

¶ To integrate the criteria-based merit order (see section 4) into these supply and demand 
projection (see section 6.2). 

¶ To complete the Agora biomass scenario by allocating the available biomass to sectoral 
demand in line with the merit order (see section 6.3). 

¶ To compare the Agora biomass scenario or biomass with the EU Climate target scenario 
(European Commission, 2024a)¸ see section 6.4. 

¶ To analyse a number of cross-sectoral interlinkages (see section 6.5). 

The working process was realised in close dialogue with representatives of the Agora Think 
Tanks (Agora Energiewende, Agora Industry, Agora Agriculture). It offers an EU biomass 
pathway to contribute to climate neutrality by 2050 in the context of a shift away from fossil 
fuels use and a contribution from agriculture to climate mitigation, while considering the 
sustainability of ecosystems and planetary boundaries. Consequently, the technological, 
economic and societal developments assumed for these scenarios shaped the supply and 
demand for biomass across sectors: for instance, the electrification of road transport and 
lower process heat in industry, or the reduction in forest harvest rate and the development 
of agroforestry. 

For some sub-topics, the authors carried out more detailed analyses of biomass utilisation, 
consulted additional sources and conducted exchanges with experts. For a number of sec-
tors, this is presented in more detail in Annex 1, Chapters 9 to 12. 
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6.1 Biomass supply and use for energy and materials in a 
climate neutral EU  

6.1.1 The data background 

The basis for the Agora biomass scenario are: 

¶ !ƎƻǊŀΩǎ 9¦ Cƻǎǎƛƭ Dŀǎ 9Ȅƛǘ (GEXIT) scenario from the study Breaking free from fossil gas. 
A new path to a climate-neutral Europe (Graf et al., 2023) provides the basic data for 
demand of biomass for energy and material uses in Europe from 2018 to 2050. 

¶ !ƎƻǊŀΩǎ The Agriculture, forestry and food in a climate neutral EU (Agora Agriculture, 
2024) provides deeply elaborated data covering the complete agricultural and forestry 
production of biomass in Europe and offers the groundwork for the assessment of bio-
mass supply regarding energy and materials for this study. As the Agora Agriculture EU 
(AFOLU) scenario results are to be understood within the climate neutral time horizon 
2045-2050, 2050 was retained for the purpose of this work. 

The data background for refinement is particularly taken from studies by JRC. This was par-
ticularly necessary for the differentiated description of wood material flows, as given by: 

¶ Avitabile et al. (2023): Biomass production, supply, uses and flows in the European Union. 

¶ Camia et al. (2021): The use of woody biomass for energy production in the EU 

¶ Cazzaniga et al. (2019): Wood Resource Balances of the European Union and Member 
States. 

¶ Cazzaniga et al. (2022): Sankey diagrams of woody biomass flows in the EU 2021 release 

¶ Spekreijse et al. (2019): Insights into the European market for bio-based chemicals 

6.1.2 Development of biomass demand  

For this study, the demand for bioenergy of the EU27 until the year 2050 is adopted directly 
from !ƎƻǊŀΩǎ 9¦ Cƻǎǎƛl Gas Exit scenario (Graf et al., 2023), including the breakdown into 
solid, gaseous and liquid bioenergy sources. That scenario also provides guidance on de-
mand for material use, which presents a more complex picture. Consequently, the data set 
for this study is supplemented and expanded to include the sources mentioned above. 

Table 21 summarises the demand for material and energy use of biomass in the EU until 
2050. Demand for biomass as a whole is increasing by 17%, which is due to the growing need 
for biomass used as a material, which itself is increasing by 71%. Bioenergy, on the other 
hand, is decreasing by 17%, based on the EU Fossil Gas Exit data.  

The main share of the increase in material use is based, both relatively and absolutely, on 
the demand for organic chemicals. Around 430 TWh will be needed for this in 2050, which 
is almost a tenfold increase. The demand for timber for sawlogs will increase by 40% (mean-
ing an additional 100 TWh of wood), while the demand for fibre will increase by 25% (mean-
ing 140 TWh). 
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Regarding organic chemicals, the EU Fossil Gas Exit scenario focused on plastic production 
and projected 194 TWh of biomass related demand by 2050 with a focus on novel feedstock 
materials (lignocellulose) and advanced technologies (chemo-technical or pyro-technical 
ones). This study will therefore complement the biomass scenario with an explorative sen-
sitivity analysis of the organic chemicals based on current usage in order to evaluate future 
biomass needs and implications for feedstock types and land use. As was shown in section 
5.3.1, biomass use in the organic chemical sector is very minor but still worth 32 TWh today: 
a small percentage of surfactants, paints, coatings, etc. are currently produced from vege-
table oils, starch or sugar. A large share of biomass that comes from the vegetable oils, are 
imported to the EU. Bio-based chemicals are analysed in more detail in Chapter 11. In con-
trast, aviation will be considered at a higher level due to the complexity of the issue, notably 

its linkages with the refinery and chemical sectors.  

Table 21: Development of biomass demand for materials and energy in the EU-27 (2020-2050) broken down to biomass source 

following compilations and assumption by this study  

TWh/a 2020 2025 2030 2035 2040 2045 2050 

Timber/logs *) 253 270 287 304 320 337 354 

Fibres **) 571 593 615 639 663 689 712 

Organic chemicals 47 50 61 89 147 237 428 

Total material use 871 913 964 1031 1130 1264 1494 

Process heat (industry) 319 319 359 425 426 404 413 

Space heat 231 263 260 223 175 146 122 

District heat 550 507 465 420 373 302 249 

Electricity 123 85 119 121 132 112 102 

Transport fuel 189 89 20 146 277 291 289 

Total bioenergy 1412 1263 1223 1335 1383 1255 1175 

Total biomass 2283 2176 2187 2366 2513 2519 2669 

*)  sawn wood, excluding by-products from sawing and wood processing 

**) pulp& paper, particle boards, wood based textiles 

Source: EU fossil gas exit study (Graf et al., 2023), (Agora Agriculture, 2024), (Avitabile et al., 2023); 

(Spekreijse et al., 2019); calculations by ifeu 

Figure 16 illustrates the demand for bioenergy with rising demand for process energy and 
advanced biofuels (for aviation fuel), but significantly decrease for space and district heat-
ing. For high temperature process heat biomass remains a relevant source with a further 
demand in order to substitute fossil zero fuels (plus 29%). The use of biomass for space 
heating is cut by more than 50% by 2050, moving to second place after process heat. Bio-
mass use in space and district heating is reduced by more than half, due to projected elec-
trif ication over time, mostly thanks to the uptake of heat pumps. The same applies to low 
temperature process heat. Biomass in electricity generation varies over time, filling gaps 
during the transformation process of that sector. 

The scenario assumes a rapid electrification of road transport, with the phase-out of com-
bustion engines in light-duty vehicles, two-wheelers and most trucks by 2035, broadly in line 
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ǿƛǘƘ ǘƘŜ 9¦Ωǎ /h2-standards for cars and vans and CO2-standards for trucks.26 In addition, 
conventional crop-based biofuels are phased-out in road transport by 2030. On the other 
hand, a substantial amount of advanced biofuels (based on waste and lignocellulosic mate-
rial) is phased into aviation thereafter. In line with the EU Fossil Gas Exit scenario, synthetic 
fuels are projected to be used only in priority applications such as aviation and maritime 
shipping, where limited viable alternatives exist. With the targets of the ReFuelEU Aviation 
in mind, approximately 290 TWh of biomass will be needed in 2050. The demand side of 
transport is analysed in depth in Annex 1, Chapter 12. 

Biomass remains a relevant source mostly for high temperature process heat and feedstock 
use (e.g. cement, steel and plastics production) in industry (Agora Energiewende, 2023, pp. 

70ς71). 

Figure 16: Biomass demand for energy uses in the EU27 (2020 - 2050) 

 

Source: data EU Fossil Gas Exit scenario, Illustration ifeu  

Note: For simplification, the Fossil Gas Exit Pathway 2018 data is assumed for the year 2020 for this sce-

nario. 

Conventional biofuel includes biofuels based on food/feed crops as well as on waste oils (e.g. UCO) as de-

fined in RED III Annex IX part B. 

ςςςςςςςςςςςςςςςς 
26 Regulation (EU) 2023/851 of the European Parliament and of the Council of 19 April 2023 amending 
Regulation (EU) 2019/631 as regards strengthening the CO2 emission performance standards for new pas-
ǎŜƴƎŜǊ ŎŀǊǎ ŀƴŘ ƴŜǿ ƭƛƎƘǘ ŎƻƳƳŜǊŎƛŀƭ ǾŜƘƛŎƭŜǎ ƛƴ ƭƛƴŜ ǿƛǘƘ ǘƘŜ ¦ƴƛƻƴΩǎ ƛƴŎǊŜŀǎŜŘ ŎƭƛƳŀǘŜ ambition. Regula-
tion (EU) 2019/1242 of the European Parliament and of the Council of 20 June 2019 setting CO2 emission 
performance standards for new heavy-duty vehicles and amending Regulations (EC) No 595/2009 and (EU) 
2018/956 of the European Parliament and of the Council and Council Directive 96/53/EC. 
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6.1.3 Bases for biomass supply  

Biomass for energy and materials come essentially from forests and agriculture. Some bio-
mass can also come from the ocean and the sea, but such cultivation and use are marginal 
and are not considered in the scenarios. 

The Agora Agriculture scenario shows that both agriculture and forestry can make an im-
portant contribution to the EU climate neutrality goals while also ǇǊƻǾƛŘƛƴƎ ΨƘŜŀƭǘƘƛŜr and 
ƳƻǊŜ ǎǳǎǘŀƛƴŀōƭŜ ŦƻƻŘ ŎƻƴǎǳƳǇǘƛƻƴΣ ŜƴƘŀƴŎŜŘ ōƛƻŘƛǾŜǊǎƛǘȅ ŀƴŘ ƛƴŎǊŜŀǎŜŘ ōƛƻƳŀǎǎ ǎǳǇǇƭȅΩ 
ŀǎ ǿŜƭƭ ŀǎ ΩƛƳǇǊƻǾƛƴƎ ŀƴƛƳŀƭ ǿŜƭŦŀǊŜΩΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ 9¦ Ŏŀƴ ōŜŎƻƳŜ Ωa net exporter of 
virtual agricultural land, reducing pressure on global land resources.27 

The breakdown of the supply according to the different types of biomass is explained in the 
following sections.  

6.1.3.1 Forest wood supply 

The Agora scenario includes three fundamental elements concerning forest management to 
increase the resilience and strengthen the carbon sink of forests: 

1. Adapting forests towards resilient stands:   
Up to one third of the EU forest area (around 55 million hectares) would require ad-
aptation measures to counter the effects of climate change; the scenario assumes that 
the envisaged adaptation will be completed on half of this area by 2050 for the EU. 
This means that about 1.3 million hectares per year will undergo adaptation 
measures. Depending on the degree and pace of adaptation measures, the related 
harvest potential is evaluated at around 25 to 100 Mm3 per year.  

2. Delaying the harvest in targeted forest areas;   
This means that overall, wood harvest will be decreased by 10% annually, due to 
adapted forest management, favouring carbon sequestration and biodiversity func-
tions. The 490 Mm3 of harvested forest wood (including bark, corresponding to an 
energy content of 1,285 TWh) calculated by the Agora scenario for 2020 based on FAO 
and Eurostat data is thus reduced to approximately 440 Mm3 (corresponding to an 
energy content of 1,160 TWh).  

3. Increasing active afforestation;   
The forest area is projected to increase by 5 million hectares from 160 million hectares 
in 2020 to 165 million hectares on agricultural land by 2050 at the latest. These newly 
developed forest areas will contribute to the growth of stored carbon and later to 
wood supply from 2050 onwards. Thus, they do not yet increase the wood supply 

within the timescale of the scenario.  

The resulting available forest wood supply is shown in Figure 17. It will also depend on the 
volumes of salvage loggings due to climate disturbances and felling as part of adaptation 
programmes, thus compensating the 10% harvest rate reduction in certain years.  

With reference to (Agora Agriculture, 2024), the Agora climate-neutral biomass scenario in-
cludes, in combination, the production of additional woody biomass outside forests, in the 
form of agroforestry on arable land, Ψto balance the increasing demand of woody biomass 
with climate change mitigation, adaptation and biodiversity protectionΩ (Agora Agriculture 

ςςςςςςςςςςςςςςςς 
27  Agora Agriculture (2024) p. 5. 
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2024, p. 131). Forest wood and wood from agriculture (agroforestry, short rotation coppice, 
and paludiculture) together cover the growing demand for woody biomass. 

With regard to imports and exports of forest wood into and out of the EU, reference is made 
to the actual analysis in section 5.2.1. This describes the conditions, which have fluctuated 
greatly over the years. Before 2020, there was a net import of roundwood, followed by a 
net export, which accounted for slightly more than 1% of the total harvest in 2020. In view 
of the smaller proportions and fluctuations, no further differentiation between imports and 
exports is made for the scenario; instead, it is assumed that these flows are sufficiently cov-
ered in both directions in the development of supply and demand. In other words, based on 
a 1% surplus of forest wood in 2020, no further export surplus is to be expected in the fol-
lowing years due to the decline in harvest removal according to the scenario. Likewise, no 
net imports are to be expected to cover demand.  

Figure 17:  Forest biomass supply based on key figures by the Agora biomass scenario, with higher granularity by ifeu assump-

tion, in the EU-27 (2020-2050) 

 

Source: Compilation by ifeu based on (Agora Agriculture, 2024), (Avitabile et al., 2023) and other studies; 

illustration: ifeu 

6.1.3.2 Agricultural biomass supply 

As described in section 5.3, currently around 225 TWh of biomass are produced from crops 
for energy and material uses in the EU-27. The area requested by these crops account to 
8.7 million hectares.  

The total area of agricultural land in the EU-27 in 2020 was 162 million ha. It will decrease 
to 154 million ha by mid-century according to the Agora scenario, due to the expansion of 
forest land (5 million hectare) and rewetting of peatland (2.5 million hectare), that are 
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projected to remain productive with paludiculture and provide woody biomass. Less than 
half a million hectares are required for the expansion of ground-mounted photovoltaic sys-
tems. The area for grassland and permanent crops is retained, while annual energy crops 
are phased out.  

At the same time, the scenario assumes a move towards more plant-rich diets,28 and a re-
duction of 50% in food waste, reducing the land footprint of EU food consumption and do-
mestic land demand for feed production (up to 50% less arable land is needed for feed pro-

duction).  

According to the scenario, overall, the land balance improves by 13 million hectares, or 8% 
of the agricultural land, to produce non-food products, assuming that the EU continues to 
increase its cereal exports. This area is converted to fast-growing trees and short-rotation 
coppices (SRC), to provide additional woody biomass and help cover the projected growing 
demand for woody biomass. The choice of agroforestry as the main culture is based on the 
co-benefits from carbon sequestration, biodiversity functions and ecosystem services. Ag-
roforestry and SRC are supplemented by paludiculture on the rewetted peatland, where 
possible. It is assumed that per hectare roughly 10 tonnes of dry organic matter will be pro-
duced annually.  

Conversely, the agricultural biomass currently produced (cereals, sugar crops, oilseeds, 
whole plants such as green maize) and applied for material or energy use will decline from 
230 TWh in 2020 to 44 TWh by 2030. In the scenario, only sugar beet will remain for the 
supply of technical starch and sugar and a small volume of specific vegetable oil, imported, 
for oleochemical purposes for a longer period of time. With the ramp-up of SRC, the majority 
of the increasing demand will be met via the gasification pathway.  

In the years leading up to 2030, the supply of agricultural biomass will thus decline com-
pared to 2020 and will be covered almost exclusively by residues in 2030. These will increase 
from approximately 150 TWh in 2030 to 270 TWh in 2050. They will then account for 30% 
of total agricultural biomass. Below, the availability of the agricultural residues is examined 
in more detail. 

Figure 18 shows the supply of agricultural biomass, including residues (manure, straw, catch 
crops, landscape material). These were assessed separately when compiling the allocation 
ladders (see also section 4.3.2). The scale of the diagram is kept equal to that for forest 
wood, so that the differences in magnitude between the supply of forest wood and agricul-
tural biomass are displayed without distortion.  

The agricultural biomass available for energy and materials will amount to 920 TWh in 2050, 
a significant increase from 2020, compensating the slight decrease in wood supply and 
providing for an increased demand. However, forest wood will remain the largest source of 
biomass with 1550 TWh, compared with 1720 TWh of forest wood and 290 TWh of agricul-
tural biomass in 2020. 

ςςςςςςςςςςςςςςςς 
28 The scenario assumes an average of ca. 80% of food consumption following a diet roughly aligned with 
the Planetary Health Diet according to the EAT-Lancet Commission (Willett et al. 2019) and 20% following 
current consumption patterns of EU member states.  



ifeu = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = 99 

Figure 18:  Agricultural biomass supply (including agricultural residues) based on key figures by the Agora biomass scenario, with 

higher granularity by ifeu assumption, in the EU27 (2020-2050) 

 

Source: Compilation by ifeu based on (Agora Agriculture, 2024), (Avitabile et al., 2023) and other studies; 

illustration: ifeu 

6.1.3.3 Availability of agricultural residues 

Here, a distinction needs to be made between waste and residues for biogas production 
(digestible material) on the one hand and solid residues that are used in other applications 
(combustion or conversion to fuel or chemical building blocks) on the other hand. In most 

of these cases, the biomass consists of lignocellulose.  

In addition to the explicit residues (straw, landscaping material), for biogas (and bio-
methane) production, also grassland cutting and catch/cover crops are included due to their 
similar materiality. Grassland cutting comes into play for the following reasons: on the one 
hand, the preservation of grassland is crucial for the conservation of biodiversity; on the 
other hand, the demand for animal feed and thus also grass and hay is declining due to diet 
change. Its use in biogas plants is considered a sensible utilisation pathway. Catch crops are 
also recognized as feedstock for advanced biofuels by the RED. Per definition, they are on 
the Annex IX Part A list together with explicit residues and wastes. This applies on the con-
dition that no additional land is required for the production of catch crops; however, the 
time between the cultivation phases is utilised. 

As shown in Figure 19, the potential for biogas and biomethane production is based mostly 
on agricultural crop residues (straw and haulm), catch and cover crops, landscaping mate-

rial, manure, biowaste, sewage sludge and extensive grassland.  
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Figure 19: Technical bioenergy potential* of residue biomass for anaerobic digestion in the EU in 2045 

 

Source: (Agora Agriculture, 2024) 

6.1.3.4 Other wastes and residues 

There are further waste streams that need to be taken into consideration. Based on current 
inventories, (see section 5.4.2) black liquor, used cooking oil (UCO) together with animal fat 
and used wood can also play a certain role in future. However, potentials are quite limited 
compared to the mass flows mentioned above, as can be taken from Figure 20.  

Black liquor, together with other secondary streams from the paper industry, such as tall oil 
etc., is the largest single waste stream overall, at 180 TWh in 2020 to 2025 TWh in 2050. 
With reference to (Material Economics 2021), the Agora scenario also considers the follow-
ing non-digestible solid waste: paper waste. With approximately 150 TWh, which corre-
sponds to 36 million tonnes, it is the second largest material flow of recorded biogenic waste 
and residues. Since it is majorly applied for the production of recycling paper, the fate of 
this material flow is determined and is not open to discussion for alternative uses.  

The next largest mass flow is waste wood recovered after use, quantified to approximately 
70 TWh, corresponding to approximately 17 million tonnes. This material can partly be re-
cycled (in particular for particle boards), but due to impurities, the major pathway is energy 
use. In this respect, only larger power or combined heat and power plants with appropriate 
exhaust gas cleaning systems are suitable.  

Further waste streams are sewage sludge, mixed food waste, separately collected biowaste 
(organic waste from households). The total volume of all these wastes and residues is pre-
sumed to slightly rise from the current 530 to 630 TWh in 2050. 
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Figure 20:  Biogenic waste and residue supply (excluding manure and straw) based on key figures by the Agora biomass scenario, 

with higher granularity by ifeu assumption, in the EU-27  

 

Source: Compilation by ifeu based on (Agora Agriculture, 2024), (Avitabile et al., 2023) and other studies; 

illustration: ifeu 
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Box 7: The role of diet development on land use 

CƻƻŘ ŎǳƭǘǳǊŜ ŀƴŘ ǇǊƻŘǳŎǝƻƴ ǇŀǧŜǊƴǎ ƘŀǾŜ ŀƴ ƛƳǇƻǊǘŀƴǘ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ǿŀȅ ƭŀƴŘ ƛǎ ǳǎŜŘ ŀƴŘ ǎƻ ƻƴ ŜŎƻǎȅǎǘŜƳǎ ǎŜǊǾƛŎŜǎΦ 

¢ƘŜ ŎǳǊǊŜƴǘ ŀǾŜǊŀƎŜ ŘƛŜǘ ƛƴ 9ǳǊƻǇŜ όнммп ƪŎŀƭκŘŀȅύ ƛǎ ōŀǎŜŘ ƻƴ мп҈ ƳŜŀǘ όōŜŜŦΣ ƭŀƳōΣ ǇƛƎΣ ǇƻǳƭǘǊȅ ŀƴŘ ŬǎƘύ ŀƴŘ ŀƴƻǘƘŜǊ 

мт҈ ƻŦ ƪŎŀƭ ǳǇǘŀƪŜ ƻŎŎǳǊǎ Ǿƛŀ ŘŀƛǊȅ ǇǊƻŘǳŎǘǎΦ !ǇǇǊƻȄƛƳŀǘŜƭȅ со҈ ƻŦ ŀǊŀōƭŜ ƭŀƴŘ ƛƴ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴ ƛǎ ǳǎŜŘ ŦƻǊ ŦŜŜŘ 

ŀƴŘ ŦƻŘŘŜǊ ǇǊƻŘǳŎǝƻƴ ǘƻ ǎǳǇǇƻǊǘ ƭƛǾŜǎǘƻŎƪ ŦŀǊƳƛƴƎ όDǊŜŜƴǇŜŀŎŜ нлмфύΦ Lƴ ǘŜǊƳǎ ƻŦ ǘƻǘŀƭ ŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘ ǳǎŜΣ ŀǘ ƭŜŀǎǘ 

тм҈ ƻŦ ǘƘŜ 9¦ϥǎ ŦŀǊƳƭŀƴŘ ƛǎ ǳǎŜŘ ǘƻ ŦŜŜŘ ƭƛǾŜǎǘƻŎƪΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ ōƻǘƘ ŀǊŀōƭŜ ƭŀƴŘ ŀƴŘ ƎǊŀǎǎƭŀƴŘǎΦ ¢Ƙƛǎ ŜȄǘŜƴǎƛǾŜ ǳǎŜ 

ƻŦ ƭŀƴŘ ŦƻǊ ŀƴƛƳŀƭ ŀƎǊƛŎǳƭǘǳǊŜ Ƙŀǎ ǎǳōǎǘŀƴǝŀƭ ƛƳǇƭƛŎŀǝƻƴǎ ŦƻǊ ƭŀƴŘ ǳǎŜ ŜŶŎƛŜƴŎȅ ŀƴŘ ŦƻƻŘ ǇǊƻŘǳŎǝƻƴ ƛƴ 9ǳǊƻǇŜΦ Lƴ ǘƘŜ 

ǎǘǳŘȅ ƻŦ !ƎƻǊŀ !ƎǊƛŎǳƭǘǳǊŜ όнлнпύΣ ǘƘŜ ŎƘŀƴƎŜ ǘƻǿŀǊŘǎ ŀ ƳƻǊŜ ǇƭŀƴǘπǊƛŎƘ ŘƛŜǘ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ŀ ǎƛƎƴƛŬŎŀƴǘ ǊŜŘǳŎǝƻƴ ƻŦ 

ŦƻƻŘ ǿŀǎǘŜ ŀƴŘ ŀƴ ƛƳǇǊƻǾŜŘ ŀƴƛƳŀƭ ǿŜƭŦŀǊŜ όǘƘǊƻǳƎƘ ƛƳǇǊƻǾŜŘ ƘǳǎōŀƴŘǊȅ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǝŎŜǎ ŦƻǊ ŎŀǧƭŜΣ ǇƛƎǎ 

ŀƴŘ ǇƻǳƭǘǊȅύ ŘƛǊŜŎǘƭȅ ŀũŜŎǘ ƭŀƴŘ ǳǎŜ ŦƻǊ ŦŜŜŘ ŀƴŘ ŦƻŘŘŜǊ ǇǊƻŘǳŎǝƻƴ ό²ƛƭƭŜǧ Ŝǘ ŀƭΦΣ нлмфύΦ !ǎ ǘƘŜ ŎƻƴǎǳƳǇǝƻƴ ƻŦ ŀƴƛƳŀƭ 

ǇǊƻŘǳŎǘǎ όƳŜŀǘ ŀƴŘ ŘŀƛǊȅύ ƛǎ ǊŜŘǳŎŜŘ ōȅ ŀǊƻǳƴŘ пр҈Σ ŀ ǊŜŘǳŎŜŘ ŘŜƳŀƴŘ ƛƴ ƭŀƴŘ ŦƻǊ ŦŜŜŘ ŀƴŘ ŦƻŘŘŜǊ ǇǊƻŘǳŎǝƻƴ ƻŦ 

ŀǊƻǳƴŘ пт҈ ŦƻƭƭƻǿǎΦ ¢Ƙƛǎ ƭŀƴŘ Ŏŀƴ ǘƘŜƴ ōŜ ǳǎŜŘ ŘƛũŜǊŜƴǘƭȅΣ ǘƻ ŎƻǾŜǊ ǘƘŜ ōƛƻƳŀǎǎ ŘŜƳŀƴŘ ŦƻǊ ƳŀǘŜǊƛŀƭ ŀƴŘ ŜƴŜǊƎȅΣ ŦƻǊ 

ƛƴǎǘŀƴŎŜΦ Lƴ ǘƘŜ [LC9 ǎŎŜƴŀǊƛƻΣ ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴ ŀǎǎǳƳŜǎ ǘƘŀǘ нр҈ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ ǇƻǇǳƭŀǝƻƴ ǿƛƭƭ Ŧƻƭƭƻǿ ǘƘŜ 

ǇƭŀƴŜǘŀǊȅ ƘŜŀƭǘƘ ŘƛŜǘ ōȅ нлрл ǿƘƛŎƘ ǿƻǳƭŘ ǊŜŘǳŎŜ ǘƘŜ ƭŀƴŘ ŘŜƳŀƴŘ ŦƻǊ ŦŜŜŘ ŀƴŘ ŦƻŘŘŜǊ ǇǊƻŘǳŎǝƻƴ ōȅ му҈ ŎƻƳǇŀǊŜŘ 

ǘƻ ǘƻŘŀȅ ό9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΣ нлмуύΦ ¢ƻ ŎƻǾŜǊ ǘƘŜ Ŧǳƭƭ ǊŀƴƎŜ ŎƘŀƴƎŜǎ ƛƴ ŘƛŜǘΣ ƛŦŜǳ ŎŀƭŎǳƭŀǘŜŘ ǘƘŜ ǊŜŘǳŎǝƻƴ ƻŦ ƭŀƴŘ 

ŘŜƳŀƴŘ ƛŦ рл҈ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ ǇƻǇǳƭŀǝƻƴ ǿŜǊŜ ǘƻ Ŧƻƭƭƻǿ ǘƘŜ ǇƭŀƴŜǘŀǊȅ ƘŜŀƭǘƘ ŘƛŜǘΦ ¢ƘŜ ǊŜŘǳŎǝƻƴ ƛƴ ƭŀƴŘ ŘŜƳŀƴŘ ŦƻǊ 

ŦŜŜŘ ŀƴŘ ŦƻŘŘŜǊ ǇǊƻŘǳŎǝƻƴ ǿƻǳƭŘ ōŜ ŀǊƻǳƴŘ оо҈ ŎƻƳǇŀǊŜŘ ǘƻ ǘƻŘŀȅΦ 

Figure 21:  left: Land demand for fodder production depends on diet and intensification; right: Land demand for fodder production 

(intensive grass + grazing) 

 
¢ƘŜ ŘƛŜǘ ǎƘƛƊ ƛǎ ǘƘǳǎ ŘƛǊŜŎǘƭȅ ǊŜƭŀǘŜŘ ǘƻ ƭŀƴŘ ǳǎŜ ŀƴŘ 

ŀƎǊƛŎǳƭǘǳǊŀƭ ōƛƻƳŀǎǎ ǎǳǇǇƭȅ ǇƻǘŜƴǝŀƭǎΦ ¢ƻ ƛƭƭǳǎǘǊŀǘŜ ǘƘƛǎ ƛƴ ŎƻƴŎǊŜǘŜ ǘŜǊƳǎΣ ƛŦŜǳ ƳŀŘŜ ŀ ǊƻǳƎƘ ŎŀƭŎǳƭŀǝƻƴ ƻƴ ǘƘŜ ǾƻƭǳƳŜǎ ƻŦ 

ƻƛƭ ŎǊƻǇǎ ƻǊ ƭƛƎƴƻŎŜƭƭǳƭƻǎŜ ōƛƻƳŀǎǎ ǘƘŀǘ ŎƻǳƭŘ ōŜ ƎǊƻǿƴ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƭŜǾŜƭ ƻŦ ŀƳōƛǝƻƴ ƻŦ ǘƘŜ ŘƛŜǘ ǎƘƛƊΦ Lǘ Ƴǳǎǘ ōŜ ƴƻǘŜŘ 

ǘƘŀǘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōŜƴŜŬǘǎ ŦǊƻƳ ŎǳƭǝǾŀǝƴƎ ŦŀǎǘπƎǊƻǿƛƴƎ ǘǊŜŜǎ Ŏŀƴƴƻǘ ōŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ ŎǳƭǝǾŀǝƴƎ ƻƛƭ ŎǊƻǇǎΦ ¢ƘŜ !ƎƻǊŀ 

!ƎǊƛŎǳƭǘǳǊŜ ǎǘǳŘȅ ǎƘƻǿǎ Ƙƻǿ ƘŜŀƭǘƘƛŜǊ ŀƴŘ ƳƻǊŜ ǎǳǎǘŀƛƴŀōƭŜ ŦƻƻŘ ŎƻƴǎǳƳǇǝƻƴ ƛƴ 9ǳǊƻǇŜ ōǊƛƴƎǎ ƻǘƘŜǊ ōŜƴŜŬǘǎ ƛƴ ǘŜǊƳǎ ƻŦ 

ŜƴƘŀƴŎŜŘ ōƛƻŘƛǾŜǊǎƛǘȅ ŀƴŘ ƛƴŎǊŜŀǎŜŘ ōƛƻƳŀǎǎ ǎǳǇǇƭȅ ŦƻǊ ƳŀǘŜǊƛŀƭǎ ŀƴŘ ŜƴŜǊƎȅΦ 

Table 22:   Impact of diet on land use and potentials 

 0% 25% 50% 80% 

Land demand for feed and fodder [Mio ha] 91.5 73.6 59.3 48.4 

Savings compared to 0% planetary health diet [Mio ha] - 18.0 32.2 43.2 

What can be grown on saved land:     

       Oil crops - 184.2 330.7 442.8 
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6.1.4 Summary of demand and supply for the Agora climate-neutral biomass 
scenario 

The Agora climate-neutral biomass scenario entails significant changes in the production 
and use of biomass compared to the status quo. Firstly, the total amount of biomass pro-
duced is increased, despite a significant decline in timber harvesting from forests. This in-
crease is mainly due to the efficient production of agricultural wood on farmland. A signifi-
cant increase is also achieved through the increased use of agricultural residues.  

The second massive change is brought about by the reversal of the ratio between material 
and energy use. As Figure 22 shows, only one third of biomass is used for material purposes 
today. In 2050, this portion will be 56%, and at a higher absolute level. This is due to the 
following developments: firstly, the proportion of wood used for timber is increasing, whilst 
the proportion used for energy is decreasing, as other options are available (electrification 
for transport and heating, and other renewable sources of electricity). According to Graf, 
the declining demand for bioenergy is offset by a remnant amount of solid biomass and 
biogas/methane, as well as the demand for SAF in the aviation sector. 

Figure 22: Synopsis of biomass supply and demand for the current situation and the Agora biomass scenario (2020 - 2050) 

 

Source: Compilation by ifeu based on (Agora Agriculture, 2024; Graf et al., 2023), (Avitabile et al., 2023) 

and other studies; illustration: ifeu 

To complete the Agora climate-neutral biomass scenario, specific types of biomass now 
need to be allocated to specific uses. This has not yet been done in the consistent juxtapo-
sition of supply and demand presented above. This step will be taken in the subsequent 
section. 
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6.2 Allocation of biomass volumes align the merit order  

While Chapter 4 applied a catalogue of criteria to derive a merit order for specific uses of 
specific biomass types (derived in Chapter 3), the completion of the Agora biomass scenario 
includes the corresponding allocation of the available biomass to sectoral demand. Accord-
ing to section 6.1, it can be concluded that the demand for the Agora biomass scenario can, 

in principle, be met by the given potential. This is given in Figure 22 (see section 6.1.4).  

Section 0 outlined the basic allocation procedure. In addition to the allocation strictly by 
merit order scores, further arguments for special allocation are put forward in some cases, 
e.g. to take into account aspects of better technical suitability of certain types of biomass 
for certain uses such as in the oleochemistry. These cases however remain marginal. 

The results of the merit order for all biomass types and uses are therefore summarised in a 
synopsis below (section 6.2.1). To facilitate the reading, scoring results have been translated 
into four ranking groups: ΨfavourableΩ, or green group for the combination with the best 
results (score <0), rather favourable, or yellow for scores 0 to 2, rather unfavourable, or 
orange for scores 2 to 4 and unfavourable, or red for scores >4. As mentioned above, each 
allocation step involves checking whether there are any robust, substantiated arguments 
against this allocation and, if so, adjusting the preferred allocation accordingly in duly justi-
fied cases. This procedure is primarily carried out on the basis of the assessment results and 

the supply volumes for the year 2050.  

6.2.1 Synopsis of the merit orders for all considered biomass types 

Table 23 compiles all ranking results. The uses that achieve scores of <0 are highlighted as 

particularly beneficial. They are marked green (favourable). These include: 

1. all types of material use of forest wood, with the exception of use as a raw material 

for basic organic chemicals. 

2. the use of manure, regardless of the type of use 

3. the use of waste oils or fats for oleochemistry 

Uses with scores between 0 and <2 are rated rather favourably. These are marked in yellow 
and include: 

4. use as feedstock for basic chemicals, 

5. use of waste and residual materials for all other purposes. 

Uses with scores between 2 and <4 are assessed as rather unfavourable and should only be 
used to fill gaps in demand. These are marked in orange and include: 

6. use of Industry wood (including forest residues and industrial wood residues) for heat 
and electricity production  

7. use of SRC wood (including paludi-wood and energy grasses) for heat, electricity and 
biofuel production 

8. Application of special vegetables oils (i.e. castor oil) as feedstock for oleochemistry. 

Any other uses are scores 4 and higher, which are marked red (unfavourable) in Table 23. 

For these, biomass should not be attributed.  
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Table 23: Synopsis of the merit orders for the utilisations of forest wood, agricultural crops and residues and other wastes/residues for the year 2050  

 CƻǊŜǎǘ ǿƻƻŘ {ŎƻǊŜ !ƎǊƛŎǳƭǘǳǊŀƭ ŎǊƻǇǎ  {ŎƻǊŜ !ƎǊƛŎǳƭǘǳǊŀƭ ǊŜǎƛŘǳŜǎ {ŎƻǊŜ hǘƘŜǊ ǊŜǎƛŘǳŜǎ ǎŎƻǊŜ 

/ƻƴǎǘǊǳŎǝƻƴ ǿƻƻŘ όǝƳōŜǊύ ¢ƛƳōŜǊ κ ƭƻƎǎ πмΦс       

¢ŜȄǝƭŜ όǿƻƻŘ ŬōǊŜύ LƴŘǳǎǘǊȅ ǿƻƻŘ  πлΦф {w/κ ƎǊŀǎǎ лΦн     

tǳƭǇ ϧ ǇŀǇŜǊ  LƴŘǳǎǘǊȅ ǿƻƻŘ  πлΦс       

CǳǊƴƛǘǳǊŜ όǎƻƭƛŘ ǿƻƻŘύ ¢ƛƳōŜǊ κ ƭƻƎǎ πлΦо       

tŀǊǝŎƭŜ ōƻŀǊŘ LƴŘǳǎǘǊȅ ǿƻƻŘ  πлΦо       

/ƘŜƳƛŎŀƭǎ  
όōƛƻƳŜǘƘŀƴƻƭ Ǿƛŀ ƎŀǎƛŬŎŀǝƻƴύ 

LƴŘǳǎǘǊȅ ǿƻƻŘ  мΦн {w/κ ƎǊŀǎǎ мΦу aŀƴǳǊŜ πнΦн ¦ǎŜŘ ǿƻƻŘ лΦо

[ŀƴŘǎŎŀǇŜ ƳŀǘŜǊƛŀƭ πмΦн 

/ŀǘŎƘ ŎǊƻǇǎ κ ǎǘǊŀǿ πлΦр 

/ƘŜƳƛŎŀƭǎ όhƭŜƻŎƘŜƳƛŎŀƭǎύ   hƛƭ ŎǊƻǇǎ рΦс   ¦/hκŀƴƛƳŀƭ Ŧŀǘ πлΦп 

{ǇŜŎƛŀƭ ƻƛƭ ŎǊƻǇǎϝύ пΦс 

tǊƻŎŜǎǎ ƘŜŀǘ όҔрллϲ/ύ LƴŘǳǎǘǊȅ ǿƻƻŘ  
ϧ ǊŜǎƛŘǳŜǎ 

нΦо {w/κ ƎǊŀǎǎ нΦр aŀƴǳǊŜ πлΦн ¦ǎŜŘ ǿƻƻŘ лΦо 

CƻƻŘκŦŜŜŘ ŎǊƻǇǎϝϝύ тΦо [ŀƴŘǎŎŀǇŜ ƳŀǘŜǊƛŀƭ лΦу .ƭŀŎƪ ƭƛǉǳƻǊ лΦр 

/ŀǘŎƘ ŎǊƻǇǎ мΦо 

tǊƻŎŜǎǎ ƘŜŀǘ όғрллϲ/ύ LƴŘǳǎǘǊȅ ǿƻƻŘ  
ϧ ǊŜǎƛŘǳŜǎ 

оΦл {w/κ ƎǊŀǎǎ оΦм aŀƴǳǊŜ πлΦн ¦ǎŜŘ ǿƻƻŘ лΦр 

CƻƻŘκŦŜŜŘ ŎǊƻǇǎϝϝύ уΦл [ŀƴŘǎŎŀǇŜ ƳŀǘŜǊƛŀƭ лΦу .ƭŀŎƪ ƭƛǉǳƻǊ лΦр 

/ŀǘŎƘ ŎǊƻǇǎ мΦо 

*) castor oil,  **) biomethane from maize and other crops   ***) vegetable oils, starch/sugar 
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 CƻǊŜǎǘ ǿƻƻŘ {ŎƻǊŜ !ƎǊƛŎǳƭǘǳǊŀƭ ŎǊƻǇǎ  {ŎƻǊŜ !ƎǊƛŎǳƭǘǳǊŀƭ ǊŜǎƛŘǳŜǎ {ŎƻǊŜ hǘƘŜǊ ǊŜǎƛŘǳŜǎ ǎŎƻǊŜ 

9ƭŜŎǘǊƛŎƛǘȅ LƴŘǳǎǘǊȅ ǿƻƻŘ  
ϧ ǊŜǎƛŘǳŜǎ 

оΦл {w/κ ƎǊŀǎǎ оΦн aŀƴǳǊŜ πлΦн ¦ǎŜŘ ǿƻƻŘ мΦт 

CƻƻŘκŦŜŜŘ ŎǊƻǇǎϝϝύ уΦн [ŀƴŘǎŎŀǇŜ ƳŀǘŜǊƛŀƭ мΦл .ƭŀŎƪ ƭƛǉǳƻǊ мΦт 

5ƛǎǘǊƛŎǘ ƘŜŀǝƴƎ LƴŘǳǎǘǊȅ ǿƻƻŘ  
ϧ ǊŜǎƛŘǳŜǎ 

оΦн {w/κ ƎǊŀǎǎ оΦм aŀƴǳǊŜ πлΦн ¦ǎŜŘ ǿƻƻŘ мΦр 

CƻƻŘκŦŜŜŘ ŎǊƻǇǎϝϝύ уΦр [ŀƴŘǎŎŀǇŜ ƳŀǘŜǊƛŀƭ мΦн .ƭŀŎƪ ƭƛǉǳƻǊ мΦр 

/ŀǘŎƘ ŎǊƻǇǎ мΦо 

{ǇŀŎŜ ƘŜŀǝƴƎ LƴŘǳǎǘǊȅ ǿƻƻŘ оΦн {w/κ ƎǊŀǎǎ оΦр aŀƴǳǊŜ πлΦн   

CƻƻŘκŦŜŜŘ ŎǊƻǇǎϝϝύ уΦр [ŀƴŘǎŎŀǇŜ ƳŀǘŜǊƛŀƭ лΦу 

/ŀǘŎƘ ŎǊƻǇǎ мΦо 

!ǾƛŀǝƻƴκǎƘƛǇǇƛƴƎ ŀŘǾΦ ōƛƻπ
ŦǳŜƭ όōƛƻƳŜǘƘŀƴƻƭ Ǿƛŀ ƎŀǎƛŬπ
Ŏŀǝƻƴύ 

LƴŘǳǎǘǊȅ ǿƻƻŘ рΦм {w/κ ƎǊŀǎǎ оΦп   ¦ǎŜŘ ǿƻƻŘ лΦт 

CƻƻŘκŦŜŜŘ ŎǊƻǇǎϝϝύ сΦр .ƭŀŎƪ ƭƛǉǳƻǊ лΦу 

wƻŀŘ ǘǊŀƴǎǇƻǊǘΣ ŀŘǾΦ ōƛƻŦǳŜƭ 
όōƛƻƳŜǘƘŀƴƻƭ Ǿƛŀ ƎŀǎƛŬŎŀǝƻƴύ 

LƴŘǳǎǘǊȅ ǿƻƻŘ рΦс {w/κ ƎǊŀǎǎ оΦу [ŀƴŘǎŎŀǇŜ ƳŀǘŜǊƛŀƭ лΦу ¦ǎŜŘ ǿƻƻŘ мΦу 

{ǘǊŀǿ мΦл .ƭŀŎƪ ƭƛǉǳƻǊ мΦл 

/ŀǘŎƘ ŎǊƻǇǎ мΦо 

wƻŀŘ ǘǊŀƴǎǇƻǊǘ όōƛƻƳŜǘƘŀƴŜύ   CƻƻŘκŦŜŜŘ ŎǊƻǇǎϝϝύ уΦм aŀƴǳǊŜ πлΦо   

[ŀƴŘǎŎŀǇŜ ƳŀǘŜǊƛŀƭ мΦл 

/ŀǘŎƘ ŎǊƻǇǎ мΦо 

wƻŀŘ ǘǊŀƴǎǇƻǊǘ  
όōƛƻŘƛŜǎŜƭκŜǘƘŀƴƻƭύ 

  CƻƻŘκŦŜŜŘ ŎǊƻǇǎ 
ϝϝϝύ 

тΦл π 
фΦр  

    

*) castor oil,  **) biomethane from maize and other crops   ***) vegetable oils, starch/sugar 
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6.2.2 Basic allocation and aspects relating to the technical suitability of biomass 
for the intended use 

In this context, allocation means allocating the available biomass quantities from the Agora 
scenario according to the results from the merit order, considering available supplies per 
feedstock types and required demand per end-uses by 2050. The details of the allocation 
exercise are described subsequently, displaying the final result in Table 24.  

This process is carried out in three main steps: 

1. The usage types, grouped into three hierarchy classes in Table 23, are dealt with one 
after the other according to the hierarchy (1. green, 2. yellow, 3. orange).  

2. The proportion of the available biomass volume is (initially) allocated to the needs of 
these uses. 

3. In doing so, it is examined whether there are technical, material-related arguments 
against this allocation or whether another use of the respective biomass (possibly 
from a lower ranked group) would be preferable, insofar as the arguments are well-
founded and robust. 

The άDǊŜŜƴ ƎǊƻǳǇέ (favourable ranking) includes: 

¶ Material use of forest wood for solid wood applications such as  

 construction timber or furniture (354 TWh),  

 fibres such as pulp, paper, wood-based materials and textile fibres, directly from in-
dustry wood (327 TWh) or from sawmill residues (145 TWh). 

Thus, 61% of total forest wood is allocated to these applications, whereas 537 TWh re-
main for other uses. 

In the Agora biomass scenario, the supply of sawȤgrade timber meets a rising demand for 
construction and furniture products. It is assumed European forestry adjust to more re-
silient hardwood species and away from softwood, in a move to increase the resilience 
of forests by improving species diversity in selected stands. This also implies an adjust-
ment of the wood processing value chain, as currently sawmills are rather geared for soft-
wood.  

¶ All uses of biogas or biomethane from manure: 

 70 TWh of biogas/biomethane are available from manure in 2050, given the develop-
ment of sustainable food systems and the move towards more plant-rich diets (see 
section 6.1.3, Box 7). This manure potential should be fully digested (AD), since undi-
gested manure causes even greater damage to the environment and climate.  

 Use as a chemical feedstock ranks slightly more favourable than energy use; however, 
from a technical point of view, methane is not an ideal building block for organic basic 
chemicals (except for conversion to methanol).  
Methanol can also be produced directly via gasification of solid biomass, making the 
multiȤǎǘŜǇ ǊƻǳǘŜ όōƛƻƎŀǎ Ҧ ōƛƻƳŜǘƘŀƴŜ Ҧ ǎǘŜŀƳ ǊŜŦƻǊƳƛƴƎύ ƭŜǎǎ ŀǘǘǊŀŎǘƛǾŜ.  

 Therefore, biogas/biomethane is better allocated to energy uses; it makes sense to 
Ŧƻƭƭƻǿ ǘƘŜ ŀǇǇǊƻŀŎƘ ƻŦ ǘƘŜ !ƎƻǊŀΩǎ 9¦ Cƻǎǎƛƭ Dŀǎ 9Ȅƛǘ scenario (Graf et al., 2023) and 
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use this energy where it is needed to close gaps that cannot be covered by other re-
newable sources. 

¶ All digestible residues and wastes, not included in Table 23, such as; separately collected 
biowaste from house-holds, sewage sludge or mixed food waste, are to be assigned to 
the άgreen groupέ, too, since fermentation is considered to be the only viable option; 
they provide a total of 89 TWh. 

¶ Straw, catch crops and landscape material for use as feedstock for the chemical industry, 

via gasification to methanol or via biotechnical fermentation to ethanol.  

 Together, 121 ¢²Ƙ ŀǊŜ ŀǾŀƛƭŀōƭŜΣ ŎƻǾŜǊƛƴƎ ом҈ ƻŦ ǘƘŜ ŦƻǊŜŎŀǎǘŜŘ ŎƘŜƳƛŎŀƭ ƛƴŘǳǎǘǊȅΩǎ 
demand for lignocellulosic biomass in 2050. 

¶ UCO and animal fat for use in oleochemistry 

 This classification is unquestionable for animal fats (7 TWh) due to their material ho-
mogeneity and their actual current use for this purpose.  

 For UCO (45 TWh), however, restrictions are appropriate. The initial quality is poorly 
defined due to the unspecific mixture of various vegetable oils. While animal fats have 
been used as standard in oleochemistry to date, this is not really the case for UCO 
(Biermann et al., 2021). The allocation of UCO for oleochemistry is therefore subject 
to other technically more suitable alternatives from the following yellow ranking 
groups.  

The ά¸Ŝƭƭƻǿ ƎǊƻǳǇέ (rather favourable) includes forest wood (i.e. industry wood) and agri-
cultural wood (SRC, agroforestry and paludi-wood for basic chemicals), paludi-wood for 
(specific) fibres and any other waste and residues for any other purpose.  

With regard to the allocation of wood for the demand by the chemical industry, the follow-
ing considerations are relevant: 

¶ Forest wood  

 is generally more favourably rated than agricultural wood because a forest ecosystem 
as such is classified as having a higher ecological value than an agricultural system.  

However, forests should not be converted into cropland (on the contrary, the Agora 
scenario for forestry, agriculture and food includes some afforestation). In addition, 
forests management practices should evolve to counter the carbon sink decline and 
revert it as far as possible. 

This means that wherever forest wood or agricultural wood can be used for the same 
purpose (both meeting to the corresponding quality requirements), preference should 
be given to agricultural wood, as long as it is available, even if forest wood were to have 
a more favourable score. Respective available volumes also need to be considered, as 
forest wood provision decreases smoothly over time (see section 6.1.3.1), while agri-
cultural wood will start being available after 2030 (see section 6.1.3.2). 

¶ Agricultural wood 

 Agroforestry is still in its infancy and needs to be ramped up. These practices enable 
the establishment of carbon sinks and the provision of other environmental co-bene-
fits. To realise this potential, incentives are needed to expand these technologies, 
which can be supported by customers such as the chemical sector. Additional sources 
come from grasses such as miscanthus.  
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 Paludiculture from rewetted peatlands in agriculture shall cover a specific demand for 
fibre production (61 TWh). 

¶ Used wood 

 tends to contain pollutants, which means it is not well suited as feedstock for the 
chemical industry, and is considered as such in this assessment. The conversion tech-
nology currently in use has high quality requirements. It may evolve over time, to-
gether with developments in chemical recycling.  

 contaminated wood can also be used in power stations with high standards of exhaust 
gas purification (providing 73 TWh). 

The demand by the chemical sector for lignocellulosic feedstocks in 2050 will be approxi-
mately 400 TWh. 121 TWh are already covered by the lignocellulosic residues from the 
άƎǊŜŜƴ ƎǊƻǳǇέΦ Thus, the remaining supply of 39 TWh paludi-wood plus 234 TWh from agri-
cultural wood suffice to cover this demand. 

With regard to the allocation of agricultural residues and other wastes for energy demand, 
the following considerations are relevant: 

¶ High temperature process heat (demand in 2050: 314 TWh) ranks above the other en-

ergy types. 

 black liquor from the pulp and paper industry (225 TWh) is directly coupled with the 

respective industry and shall be allocated to the process heat demand of this industry.  

 the remaining energy demand is to be covered from manure (70 TWh, already ranked 
ƛƴ ǘƘŜ άƎǊŜŜƴ ƎǊƻǳǇέ, but not yet allocated), as well as sewage sludge, biowaste etc. 

(total: 57 TWh). 

¶ District (122 TWh) and space heating (249 TWh) as well as electricity (104 TWh) rank next 
after process heat.  

 The remaining pool for biomethane (145 TWh) can cover a part of these demands ς 
primarily for district heating through the use of local gas networks.  

 Electricity is partly covered by used wood (35 TWh). 

Finally, this leaves a remaining demand of 56 TWh for district heating, 231 TWh for space 

heating and a minor amount of 5 TWh for electricity. 

The άhǊŀƴƎŜ ƎǊƻǳǇέ includes: 

¶ Vegetable oils for oleochemistry  

 These are only needed here for a small remaining share of 27 TWh.  

 UCO would offer a better ranking for this, but high-quality requirements for these ap-
plications argue in favour of retaining the proven vegetable oils. These are mainly oils 
imported into the EU, such as castor oil, palm kernel oil, coconut oil and other special 
types. Castor oil, which is widely used in the field of biogenic hydraulic oils, was used 
as an example for the scoring. With this last component, the chemical sector's demand 
for biogenic organic raw materials is thus covered. 

¶ Industry wood (including sawmill residues) 

 Remaining 236 TWh shall be allocated to the remaining process heat demand 
(94 TWh) and to 
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 Space heating, connected with small furnaces, implies that higher quality require-
ments must be placed on the fuel. Application of wood pellets is clearly preferable 
when considering the greater thermal efficiency and cleaner emissions of pellet stoves 
compared with split-log-burning stoves. Thus, t the portion of industrial wood that is 
produced as sawdust (227 TWh in total) should be allocated for this use. To comple-
ment the demand for pellets, the remaining forest wood should be reserved for this 
use. This is already existing practice due to the partial use of thinning wood from for-
ests for pellet production. 

¶ Agricultural wood: 

 The remaining available supply of wood from agriculture, equivalent to 284 TWh, is 
used to cover the residual biomass demands for district (55 TWh) and space heat 
(10 TWh), electricity (5 TWh) and transport fuel (214 TWh). 

 Thus, the main share is allocated to the transport sector with clear assignment to the 
aviation sector (the largest share being allocated to chemicals, see above).  

All results of this allocation are summarised in Table 24. 

Table 24: Summary of the allocation of biomass and product types to paths for use for the year 2050, EU; values in TWh 

Biomass  

type Product type 
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Forest 

wood*) 

Timber/logs 354 354        

Industry wood **) 564  327  94  142   

Saw dust etc. 220  145    75   

Total forest wood 1.138 354 472 0 94 0 218 0 0 

Agricultural 

crops 

Oil crops 27   27      

SRC wood 518   234  55 10 5 214 

Paludi-wood 100  61 39      

Total agri. crops 645 0 61 300 0 55 10 5 214 

Agricultural 

residues 

Manure 70    17 20 8 25  

Straw 57   57      

Catch crops 64   64      

Landscape mat. 73    18 20  5 30 

Total agricult. res. 264 0 0 121 35 40 8 29 30 

Other waste/ 

residues 

Used wood 73    38   35  

UCO 45        45 

Animal fat 7   7      

Black liquor  225    225     

Other 89    22 26 10 31  
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Total other wastes 439 0 0 7 284 26 10 66 45 

*) excluding by-products from pulp/paper industry (e.g. black liquor) 

**) including forest residues and unreported wood; excluding black liquor (225 TWh ς in other waste) 

Legend for colours, indicating how favourable or unfavourable the end-use is: green, or favourable:  

scores <0; yellow, or rather favourable: score 0 - <2; orange, or rather unfavourable: score: 2 - <4 

Source: ifeu compilation, with reference to (Graf et al., 2023) and (Agora Agriculture, 2024) 

6.3 Completion of the Agora climate-neutral biomass 
scenario  

The previous sections have described and explained the allocation process step by step. This 
chapter brings together the results of these allocation steps to form an overall picture. The 
outcome marks the completion of the Agora biomass scenario (ABS), which consolidates, 
refines and differentiates the scenarios developed by the Agora think tanks. It links the spe-
cific types of biomass and their supply to specific uses demands separately in section 6.1. 
This is illustrated in the form of Sankey diagrams, with Figure 23 showing the status quo and 

Figure 24 showing the scenario for 2050. 

The major changes over time up to 2050, some of which are already apparent from the re-

sults in section 6.1.4, are as follows: 

1. A higher share of the slightly reduced harvest of forest wood is used for material ap-
plications, including, in particular, an increased proportion of saw timber. This use of 
biomass achieves the best result in the scoring. However, other material uses of forest 
wood (wood-based materials, textiles) will also increase.   
A significantly reduced amount of forest wood remains for energy use: Including 
sawmill residues, only 312 TWh remains in 2050, compared to 790 TWh in 2020. 
As is already the case today, by-products from the paper industry will also be used for 
energy production (internal demand for process energy), which will increase the for-
est wood-based share of energy production by 225 TWh to approximately 540 TWh. 

2. For two consumers that are still insignificant in 2020, however, the sharp rise in de-
mand for lignocellulose up to 2050 must also be met: the chemical sector (430 TWh) 
and the aviation sector (290 TWh). For both, the feedstock is provided from agricul-
tural sources: short rotation coppices (such as fast-growing trees) or residues such as 
straw, catch crops or landscape material. 

3. To achieve this, the amount of agricultural biomass is significantly increased by 2050. 
Crops increase almost threefold while residues increase approximately fivefold com-
pared to today. Only a small residual amount of food or feed crops (in this case oil 
plants) will be retained for oleochemistry. The large increase in agricultural wood will 
be made possible by two factors: 1. this type of biomass is far more productive than 
conventional crops, and 2. an increase in plant-rich diet will free land previously used 
for fodder cultivation, which can be used to grow the agricultural wood required. 

4. There will be little change, in contrast, for the diverse group of wastes and other res-
idues. They will see only a slight increase and will essentially remain at current usage 
levels (waste paper for recycling, used wood for electricity and process heat, and fer-
mentable waste for biomethane to cover the remaining energy demand). UCO also 
remains in transport fuels, but no longer for road transport as it is today, but for avia-
tion. 
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Figure 23:  Total biomass flows for energy and material use today 

 Source: ifeu calculation based on: 

(Graf et al., 2023); (Agora Agriculture, 2024); (Avitabile et al., 2023; Camia et al., 2021; Cazzaniga et al., 2019), (Material Economics, 

2021); Eurostat data (n.d.), (Eurostat, 2024b);  (Eurostat, 2025a); (Spekreijse et al., 2019); (Wouters et al., 2020); (Korosuo et al., 

2024); (Malins, 2023); (Flach et al., 2024)  

Note: Imported wood is not included; Imports provide 80% (27.6 TWh) of the feedstocks for oleochemicals in 2020. 
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Figure 24:  Total biomass flows for energy and material use in 2050, Agora biomass scenario. 

Source: ifeu calculation based on:  
(Graf et al., 2023); (Agora Agriculture, 2024); (Avitabile et al., 2023), (Material Economics, 2021); (Spekreijse et al., 2019);  

Note: The imports and exports of forest wood balance out by 2050; Imports provide 64% (21.7 TWh) of the feedstocks for oleochemi-

cals in 2050; Short rotation coppices (SRC) cover fast growing trees and grasses such as miscanthus. 
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6.4 Comparison of the ABS with Europe's climate target 
by the European Commission 

The 9¦ /ƻƳƳƛǎǎƛƻƴΩǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ άSecuring our future ς Europe's 2040 climate target 
and path to climate neutrality by 2050έ (European Commission, 2024a) has already been 
mentioned in section 5.1 as an alternative analysis of the status quo of biomass use. In this 
section, it is therefore compared with the results of the Agora climate-neutral biomass sce-
nario. 

6.4.1 Short description of the target 

¢ƘŜ 9¦ /ƻƳƳƛǎǎƛƻƴΩǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ƻǳǘƭƛƴŜǎ ǘƘŜ ŀƳōƛǘƛƻǳǎ Ǿƛǎƛƻƴ ǘƻ ǘǊŀƴǎŦƻǊƳ 9ǳǊƻǇŜ ƛƴǘƻ 
a climate-neutral, sustainable, and socially just society by 2050. As a key milestone on this 
path, the Commission proposes a binding target to reduce net greenhouse gas emissions by 
90% by 2040, compared to 1990 levels. This target is designed to keep the EU on track to 
meet its legal obligation of climate neutrality by mid-century, in line with the European Cli-

mate Law and the Paris Agreement. 

To achieve this, the strategy is built around eight interconnected pillars, including  

1. full implementation of its existing 2030 climate and energy framework,  

2. the social inclusiveness of the transition (i.e. creating quality jobs and protecting vulner-

able communities),  

3. ŀƴ άLƴŘǳǎǘǊȅ 5ŜŎŀǊōƻƴƛǎŀǘƛƻƴ 5Ŝŀƭέ ǘƻ ŀŎŎŜƭŜǊŀǘŜ ǘƘŜ ǎƘƛŦǘ ǘƻ ŎƭŜŀƴ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ŎƛǊπ

cular production models.  

4. the transformation of the energy system through electrification, energy efficiency, and a 
massive scale-up of renewables. 

5. reshaping the transport sector to promote zero-emission mobility, including public 
transport and clean vehicles.  

6. evolving agriculture and land use toward sustainable practices, with a focus on soil health, 
biodiversity, and climate resilience. 

7. mobilizing public and private investment to support innovation, infrastructure, and green 
technologies.  

8. sǘǊŜƴƎǘƘŜƴƛƴƎ ǘƘŜ 9¦Ωǎ Ǝƭƻōŀƭ ƭŜŀŘŜǊǎƘƛǇ ƛƴ ŎƭƛƳŀǘŜ ŘƛǇƭƻƳŀŎȅΣ ǿƻǊƪƛƴƎ ǿƛǘƘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ 

partners to raise ambition and support developing countries. 

In particular, the pillars 4, 5 and 6 involve the use of biomass. The Communication assigns a 
meaningful contribution to biomass regarding the decarbonisation across sectorsτparticu-
larly in energy, industry, and agriculture. It also recognises the necessity to produce and use 
biomass in a sustainable way without compromising biodiversity, soil health, or water re-
sources. Although the Communication recognises the need to handle biomass in the broader 
context of the bioeconomy with priority on material use cases, such as wood for construc-
tion and bioplastics, the figures apply in the scenario for biomass-related supply and de-

mand only focus on bioenergy. These data are presented in the subsequent section. 
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6.4.2 Demand and supply 

Figure 25 (upper part) gives the development of the biomass demand in the diverse scenar-
ios calculated in the context of the impact assessment for Europe's 2040 climate target. The 
highest demand is for the combination of electricity and district heating ς this aggregation 
is probably because of the frequently combined production of heat and power (CHP). Do-
mestic heating and process heat for industry follow next. Significant reductions over time 
are expected in space heating. Biofuels for road transport are expected to grow significantly 
by 2040 (to 220 TWh) but are then expected to decline again to 50 TWh by 2050. There will 
also be a significant increase in aviation and maritime biofuels, which will peak at 180 and 
270 TWh in 2050. 

It is important to note that here, values describe the energy content of the applied fuels. 
The lower part of Figure 25 displays the supply of feedstock. Food crops, currently still a 
relevant number, will be nearly phased out in 2050 (remaining supply: 13 TWh). The major 
source is meant to the widely defined group of waste (880 TWh). In addition, there will be 
lignocellulosic crops with 660 TWh, ramped up to some 700 TWh already in 2040. Supply of 
biomass from forests is comparably low with 180 TWh stem wood and 130 TWh forest res-
idues. Paper and pulp residues (i.e. black liquor, tall oil etc.) will deliver 140 TWh. This group 
of substances will peak in 2040 at 2020 TWh. The subsequent decline is based on the as-

sumption that paper production will decrease. 

 

Figure 25: The EC 2040 scenario ς above: demand side; reference unit: final energy (fuel); below: supply side; reference unit: energy 

content of feedstock (including conversion losses) 

 



116 = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = ifeu  

  

 

 

Source: EU Commission: Europe's 2040 climate target and path to climate neutrality by 2050 building a 

sustainable, just and prosperous society  (European Commission, 2024a) 

6.4.3 Comparison with the Agora climate-neutral biomass scenario  

CƻǊ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ǘƘŜ !ƎƻǊŀ ōƛƻƳŀǎǎ ǎŎŜƴŀǊƛƻΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ǘƘŀǘ ǘƘŜ 9¦Ωǎ ŘŜπ
mand data refer to the energy content of the final energy (fuel base). All values of this study 
and the Agora scenario refer to the energy content of the used biomass feedstock. Thus, the 
9¦Ωǎ Řŀǘŀ ƴŜŜŘ ǘƻ ōŜ ǎŎŀƭŜŘ ƘƛƎƘŜǊ ŦƻǊ ŀ ŦŀƛǊ ŘƛǊŜŎǘ ŎƻƳǇŀǊƛǎƻƴΦ Even without a correction, 
the demand projected by the European Commission EU Commission 2050 LIFE is signifi-
cantly higher than the one by the Agora biomass scenario, as shown in Figure 26. 

In concrete: the EC scenario 2050 LIFE requires twice as much biomass for electricity and 
district heating as Agora, more than twice as much for transport fuel, just slightly more for 
space heating (buildings). On the other hand, AgƻǊŀΩǎ ōƛƻƳŀǎǎ ǎŎŜƴŀǊƛƻ ǊŜǉǳƛǊŜǎ ƳƻǊŜ ǇǊƻπ
cess heat for industry. 
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Figure 26: The EC 2040 scenario ς demand compared with Agora biomass scenario (ABS) in 2050 

 

Source: EU Commission: Europe's 2040 climate target and path to climate neutrality by 2050 building a 

sustainable, just and prosperous society 

The comparison at the supply level is shown in Figure 27. First of all, it is apparent that both 
schemes phase out food and feed crops. However, apart from that, feedstock supplies differ 
significantly. Since the data in the EU scenario is also limited to feedstocks for energy use, 
the left-hand bar group should be compared with the middle bar group in the Agora sce-
nario. These are directly comparable, as the EU scenario also refers to the amount of energy 
from the feedstock. Apart from the fact that the terminology used for forest wood is likely 
to vary, it is immediately apparent that both scenarios arrive at roughly the same total 
amount for lignocellulose from agriculture. However, in the Agora scenario, this is mainly 
used for material applications (especially chemicals). The impression is that this potential is 
allocated entirely to energy in the EU scenario, so that nothing is left for material use in the 
end.  

In the case of forest wood, the supply for energy in the EU scenario is even lower than in 
the Agora scenario. However, there are very significant differences in the waste group. Here, 

the EU scenario assumes four times the amount compared to Agora.  

Overall, the ratio for bioenergy feedstock is 2300 (EU scenario) to a solid 1000 TWh (Agora 
scenario). These figures suggest that the EU Commission's approach either assumes a lower 
overall demand for material use or has not given this demand particular priority in its list.  

It must also be emphasised that the quantities in the Agora scenario, particularly with regard 
to waste potential, were estimated rather conservatively and that economically feasible 
quantities were estimated. With an optimistic approach to theoretical potential, 
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significantly higher quantities can of course be calculated. This may also be a factor in the 
significant deviation. 

Figure 27: The EC 2040 scenario ς biomass supply compared with Agora biomass scenario in 2050 

 

Source: EU Commission: Europe's 2040 climate target and path to climate neutrality by 2050 building a 

sustainable, just and prosperous society; ifeu compilations based on (Agora Agriculture, 2024) 

The scope of this study covers all biomass that is not used as food or animal feed. This is a 
broad and complex field and cannot be covered by a study of this scope without leaving 
questions unanswered. Many questions lie in the details of the diverse types of biomass and 
their possible uses. This chapter therefore takes an in-depth look at a selection of specific 
topics. These are intended to provide a closer look at the analyses of biomass production 
and use carried out in the previous chapters, as well as the assessments of combinations of 
type and use. 

The selected subject areas are: 

¶ Forestry in Europe, with questions about the current situation and future development, 

also with a view to regional differences. 

¶ Biogas, with a focus on the potential estimates and feasible ramp-ups; this topic includes 
an in-depth case study of biogas utilisation in Germany, the country with the highest bi-
ogas production in Europe to date (and the second largest producer worldwide after 
China). 

¶ Transport fuel, which is still being given great attention in politics, especially since there 
are few alternatives for reducing GHG emissions in some sectors, such as the aviation 
industry; this topic includes an in-depth case study of biofuel production and utilisation 

in France. 
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¶ Organic chemicals, a sector that has the greatest need for growth in climate-neutral raw 
materials, where biomass is particularly relevant as a carbon carrier. In addition, the 
chemical industry is highly diverse and requires specifics on technology in order to pro-
vide suitable base materials. 

6.5 Cross-sectoral interlinkages 

The illustration of material flows for both the current situation and the Agora biomass sce-
nario (ABS) in 2050 in the Sankey diagrams (Figure 23, Figure 24) shows the complexity of 
the cross-sectoral linkages. Almost all of these flows are interconnected in some way and 
influence each other. Figure 28 provides a simplified overview of which types of biomass are 
generally suitable for which types of use and which of these combinations are actually im-
plemented in the Agora climate-neutral biomass Scenario for the year 2050. It shows that 
of the large number of theoretically possible combinations of uses, the majority are actually 
included in the Agora scenario. 

Figure 28: Simplified scheme of which types of biomass are generally suitable for which types of use; general viable combinations and 

combinations implemented by the ABS in 2050. 

 

Illustration: ifeu 

However, this simple representation gives no indication of how complex the individual in-
terrelationships are. A shift from one use of biomass to another can trigger a cascade of 

changes. Competition for the limited biomass available arises at almost every branch.  

One very fundamental area of competition is land, which primarily concerns agriculturally 

produced biomass. Core questions are:  
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¶ How much land shall be made available for the cultivation of products that are not in-
tended for human or animal consumption?  

¶ What type of cultivated biomass should be produced on scarce agricultural land? 

¶ What is to be the purpose of this biomass? 

The first question is directly linked to the question of how to ensure sufficient and healthy 
nutrition. This study drew on preliminary work by the Agora think tanks (see Box 7 also in 
section 6.1.3.2). On this basis, an area of 13 million hectares (corresponding with 8.2% of 
the agricultural area of the EU27) can be made available for biomass, provided that a change 
in diet actually takes place, resulting in significantly less animal-based foods. According to 
(Fehrenbach et al., 2023), 5.3 million hectares were already occupied in 2020 solely by crops 
grown for biofuels consumed in the EU, subtracting the share of land allocated to co-prod-
ucts. Further areas are used for growing crops for biogas production (with 1.4 million hec-
tares in Germany alone (FNR, 2024) and 2.1 Mha in Europe), other energy crops (energy 
grass, SRC) and crops for material and technical use (1.6 Mha), as given in section 5.3.2.  

Basically, this means land is scarce, and this raises the second question about the type of 
biomass to be grown: the currently dominating άŎƭŀǎǎƛŎŀƭέ annual crops such as rapeseed 
(Ą oil) and maize (Ą starch) linked with negative environmental impacts or multi-annual 
crops such as fast growing trees and grasses (SRC), which provide feedstock for multiple 
uses and would also provide environmental co-benefits (less use of agricultural chemicals, 
more biodiversity etc.). 

A number of further interlinkages shall be highlighted briefly: 

¶ The complex wood production and use: 

 If the proportion of saw timber increases due to rising demand for construction timber, 
for example, there will also be a higher proportion of sawmill by-products, which ac-
count for around 30 to 40% of the felled and sawn timber. The direct extraction of 
industrial wood (i.e. round wood not suitable for being sawed) from the forest can thus 
be reduced. 

 Industrial wood from forests, agriwood (SRC) and sawmill by-products can be used for 
more or less the same applications: Material use (fibre for particle boards, pulp and 
paper, textiles, biorefinery and gasification) and any kind of energy use. For this rea-
son, it is also necessary to weigh up which raw material source (forest wood or agri-
cultural wood) should be used preferentially and which uses should be given priority.  

¶ The complex biogas and biomethane:  

 Biomethane can be produced from numerous feedstocks, with technical input even 
from lignocellulose. It can also be obtained from waste treatment processes for which 
there is currently no obvious alternative or no alternative with more environmental 
benefits (e. g. digestion of manure, sewage sludge, biowaste or excess grassland cut-
tings when animal production shall decline).  
Thus, biogas and biomethane are therefore produced in a certain quantity in any case. 
Apart from municipal and some organic commercial wastes, biogas potentials are 
closely bound to the agricultural sector and, thus, with food production. Even if we 
disregard the widespread practice of silaged maize fermentation in Germany, manure 
and straw are the most relevant sources of raw materials. However, with declining 
livestock numbers and more grazing, the potential is limited. Previously unused straw 
could compensate for this, but its use for biogas competes with other uses. 
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 Biomethane is primarily used for energy and is extremely versatile (as a natural gas 
equivalent). It can also serve as feedstock for the chemical industry. According to (Lo-
rentz et al., 2023), this indicates that there more industry branches apart from chemi-
cal industry with non-energetic gas demand.  
For the production of 11.2 million tonnes of ammonia in 2021 (Bazzanella & Ausfelder, 
2017), 100 TWh of natural gas was used (including the energy demand of the process). 
Further 33.3 TWh was used to produce 8.54 million tonnes of methanol ς a total of 
133 TWh for these two products. For both products, there are also ambitions to pro-
duce them using hydrogen and, in the case of methanol, using CO2, with the focus here 
primarily on fuels and, in the case of ammonia, particularly in the maritime sector. 

¶ Interlinkages between chemicals and transport fuel: 

 The chemical industry and fuel production are closely interlinked due to their shared 
feedstocks, technologies and infrastructure.  

 Advances in the electrification of private transport result in a decline in the require-
ment for fuel. While demand for chemicals is growing due to an increase in population 
and product use. This is pushing industries towards flexible production and innovative 
feedstock valorisation. 

¶ Interlinkages between energy sector and transport sector: 

 In principle, biomass types or products derived from them that are suitable for use as 
transport fuels are also always suitable as fuels for electricity or heat. Transport fuels 
must meet more specific requirements, with the highest standards applying to aviation 
fuels. Often, only minimal processing steps are required for combustion (e. g. wood: 
chipping for combustion fuel vs. gasification and FT synthesis for transport fuel). The 
situation is similar with biogas: if the aim is to generate electricity, this can be done 
directly on site at the biogas plant. For use as a transport fuel (road or maritime), bio-
methane must be separated and compressed or liquefied. This means that there is 
particular competition for biomass, which tends to favour one side over the other de-
pending on market weight, funding frameworks and political priorities. 

 The subsequent chapter applies allocations of different types of biomass to different 
utilisation options are carried out. This also affects the interlinkages described, as it 
means prioritising one connection over another. 

Which factors can lead to a lower supply and to what extent? 

As for forest wood, it has already been observed that disturbances caused by climate 
change, such as rising temperatures and drought, are already affecting harvest volumes. 
Losses are estimated at around 75 Mm3 per year by 2030 (see section 9.1). This is more than 
10% of the annual roundwood harvest. It is difficult to estimate how this will develop beyond 
2030. The Agora scenario, which defines a 10% reduction in logging, could therefore mean 
that significantly less wood will actually be available. This could mean a shortage of con-
struction timber and solid wood for other uses, as there are no renewable alternative ma-
terials available. This effect could be exacerbated by the fact that softwood, which is pre-
ferred for construction, is more susceptible to damage from climate change (see sections 
9.1.1.4 and 9.2.3.1). 

The calculation of the agricultural land available for SRC assumes that, in addition to not 
growing other non-food crops, 80% of the population in European union is following the 
Planetary Health Diet (phd) in 2045. In reality, this assumption can run into difficulties at 
two points: firstly, the set 80% is very ambitious. As shown in section 6.1.3.2, Box 7: The role 
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of diet development on land use is key: if only 50% of the population are following phd 
(instead of 80%) 11 million ha more are required for feed and fodder production for the 
animals instead of being available to grow SRC. Secondly, it may be useful to continue pro-
ducing a range of crops for the production of base materials for the chemical industry (es-
pecially oleochemicals). These were also considered in the allocation in section 6.2.2, since 
they achieved comparatively good rankings in some cases (see section 4.2). This topic is an-
alysed in more depth in Chapter 11. 

Realising the technical potential for biogas and biomethane also requires a certain amount 
of effort. The expansion of biowaste collection and sewage sludge production (i.e. compre-
hensive link-up to central wastewater treatment systems) and the production of biogas from 
these materials requires costly investments on the part of the public sector. The large po-
tentials from straw, grass clippings and sequential crops require additional complete 
changes in management and equally high investments in infrastructure. For economic rea-
sons, it must be admitted that this technical potential will not be fully utilised. A more in-
depth analysis is also provided here in Chapter 10. 

Which demands for biomass could turn out to be higher than in the Agora climate-neutral 
biomass scenario? 

In principle, any of the demands could increase relative to the scenario assessments. On the 
one hand, this is a question of how fast the actual ramp-up of renewable material and en-
ergy use will be, especially from sources other than biomass. On top of that, current legally 

binding climate protection targets only require energy use to be reduced.  

For electricity and heat, it is unlikely that the estimated requirements or the quantities of 
biomass needed to cover demand will be significantly exceeded. The expansion of electricity 
generation from wind and solar power is progressing. Biomass is only needed here to fill 
gaps and ensure a stable grid supply. Similarly for heat: space heating and district heating 
can refer to other sources (in particular all types of ambient warmth applying heat pump 
systems). Industry with demand for process heat with higher temperature is likely to stay as 
a relevant requester. However, even here the cheaper solution will be the enforced use of 
waste heat. All in all, with almost 800 TWh of biomass in heat and 100 TWh in electricity 
production in 2050, demand should be sufficiently covered. 

The situation may be different in transport. Achieving this goal could prove more difficult. 
E-mobility requires further significant expansion of the relevant infrastructure and support 
systems. The figures for new registrations show considerable fluctuation and stand at 14% 
in 2024 and just 1.5% of all cars on EU roads are electrically chargeable (ACEA, 2024). As-
sessments for e-fuels are equally difficult, primarily due to the high production costs that 
will persist in the longer term (Frontier Economic, 2025). 

Thus, if the expected targets are not achieved here through e-mobility and e-fuels, this could 
increase the pressure to make greater use of biomass. It is conceivable that even bioenergy 
sources declared to be particularly sustainable could be made available to close such gaps. 
A current example is the massive increase in the supply of advanced biofuels on the EU 
market from sources that were previously not available at all. These are POME and brown 
grease. A study by (Transport & Environment, 2025) shows that the quantity of biofuels 
based on POME brought to market exceeds the actual production quantities available in 
2023 by far.  
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The obligations by the RED III do not go further than 2030. Thus, it is unclear how obligations 
will develop. The ReFuelEU Aviation29 already sets requirements for 2050 with 70% sustain-
able aviation fuels (SAF). This corresponds to 385 TWh with regard to the estimation in sec-
tion 12.1.2. Half of this shall be synthetic aviation fuel (= e-kerosene). At least half of it will 
biokerosene therefore, which is significantly higher that the volume of advanced biofuel 
projected by the ABS. This suggests that, if the RefuelEU Aviation requirements will be ful-
filled, demand for biofuels could be significantly higher than allocated. 

If the supply as shown in the scenario, is actually higher than the demand, which type of 
biomass can or should be dispensed?  

The ABS describes a way in which the demand for biomass to achieve climate neutrality in 
the European economy in the field of energy and in biomass-related materials management 
can be met with the available resources. It also highlights the limits. The analyses in this 
study also confirm the scarcity of the potential quantities of biomass. The amount of bio-
mass currently in use would not be sufficient to meet the demand projected for 2050. In 
addition to tapping into currently unused sources of residual materials and waste, agricul-
ture plays a crucial role in meeting the rising demand in the Agora scenario. 

However, annual crop-based biomass is subject to criticism for requiring too much land use 
and thus also for being responsible for land-use change (LUC). In addition, cultivation is as-
sociated with many ecological conflicts: the use of fertilisers and pesticides, erosion and loss 
of biodiversity. The issue of land use change (directly, but also indirectly as iLUC) in particular 
prompted EU legislation to cap biofuels from food and feed crops, in some cases even ex-
cluding them from compliance quotas and subsidies. An increase in biomass is therefore 
subject to the following conditions: 

¶ The land available for biomass cultivation must be subject ǘƻ ǘƘŜ ΨŦƻƻŘ ŦƛǊǎǘΩ ǇǊƛƴŎƛǇƭŜΦ 
Only as much land should be made available for this purpose as is necessary to ensure a 
healthy and sufficient food supply. The AFOLU study (Agora Agriculture 2024) has fol-
lowed this principle. 

¶ The choice of biomass type and its cultivation must minimise the ecological conflicts de-
scribed above as far as possible. In the AFOLU study, the assessment done led to the fos-
tering of fast-growing trees and grasses, as well as ǇŀƭǳŘƛŎǳƭǘǳǊŜΤ ΨŎƻƴǾŜƴǘƛƻƴŀƭΩ ŀƴƴǳŀƭ 
crops such as rapeseed and cereals no longer play a role in the 2050 scenario. 

¶ This means that woody biomass or lignocellulose forms the base material; this in turn 
requires that the appropriate technologies (gasification or fermentation) be further de-

veloped and implemented. 

The ABS ς which has been refined and specified in this study ς takes precisely these condi-
tions into account. It shows that meeting demand (2,664 TWh by 2050) is possible on this 
basis. However, it also shows biomass is scarce and requires arbitrage across usage, such as 
for chemicals and aviation in the Agora scenario. This highlights the importance of a merit 
order and of comprehensive biomass forecasts to enable a smart allocation. This is the pur-
pose of the present study, which focuses on the allocation of biomass and leads to the con-
clusions summarised below. 

ςςςςςςςςςςςςςςςς 
29 Regulation (EU) 2023/2405 On ensuring a level playing field for sustainable air transport (ReFuelEU Avia-
tion); https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202302405  

https://eur-lex.europa.eu/legal-content/EN/AUTO/?uri=CELEX:32023R2405
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202302405
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7 Conclusions 

7.1 Findings from the allocation exercise 

The application of the criteria leads to a ranking of specific biomass use allocated to specific 
biomass types. The result can be formulated for different groupings, such as the overall bi-
omass categories, the overall demand categories or sectors in the form of an allocation lad-
der. In all cases a comparison of the current situation (data base for 2020/25) and the allo-

cation for 2050, with the Agora biomass scenario, can be made.  

Overall, the application of the criteria confirms that material uses are to be favoured over 
energy use. In some individual cases, a more detailed analysis provides a more differenti-
ated picture. This applies, for example, when processes today involve very high material 
losses, as is the case with many conversion techniques for lignocellulose. In some cases, the 

ranking changes with time, mostly due to  

¶ an increase of process efficiency: we assume that novel technologies will follow a learning 

curve and improve in terms of efficiency and thus also in emissions. 

¶ a reduction of credits: the implementation of climate protection targets also reduces 
emissions from alternative products to be substituted by biomass. 

¶ a decrease or persistence in substitution relevance: Currently and in the near future, al-
ternative renewable options are available for products and services to varying degrees. 
Some will be available sooner, such as e-mobility for road transport or heat at the level 
of heat pumps; for other needs, alternatives are not yet foreseeable to the same extent, 
such as aviation fuels or high-temperature heat for industrial processes.  

Waste and residue-based pathways always have fewer negative impacts, while high quality 
wood products are connected with highest avoidance of burden. This altogether consoli-
dates the cascading principle: Biomass should generally be the preferred source for high-
quality and recyclable products. Energy can in principle be extracted from all material prod-
ucts (except for loss chemicals such as detergents). The use of primary biomass for energy 
purposes should therefore always proceed after the sources of secondary biomass have 
been exhausted.  

When defining secondary biomass (i.e. residues and waste) however, it should be noted that 
residues are mostly of a primary nature, as they are associated with the production of spe-
cifically generated biomass and do not originate from a post-consumer relationship. Only 
the latter is subject to the cascade principle. Residues such as straw, manure and landscape 
material are classified as primary biomass. Nevertheless, they should be given preference. 
The rough classification of the basic types of forest wood, agricultural biomass, agricultural 
residues and other wastes according to the scores of the assessment reveals the following 
(scores for current use 2020/25), the use options for: 

¶ forest wood ranges from -4.2 to +7.8, which is extremely wide; and for 2050: -1.6 to +5.6 
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¶ agricultural biomass ranges from -0.5 to +8.5; and for 2050: -+0.2 until +9.5 

¶ agricultural residues range from -3.9 to +2.1; and for 2050: --2.2 until +1.5 

¶ other wastes range from -5.5 to +3.1; and for 2050: --0.4 until +1.8 

It is evident that there are wide ranges within the groups, and that the groups overlap con-
siderably. In terms of trends, the group of agaricultural biomasses can be rated as rather 
unfavourable. However, even this is difficult to generalise. A blanket assessment of the 
broad groups is therefore not meaningful. Instead, these groups need to be analysed indi-
vidually, which is done as follows. 

Forest wood 

The assessment clearly shows that material utilisations show the most beneficial result, to-
day and in 2050. Among these, solid construction wood scores best by far. This is mainly due 
to the substitution of high-emission production such as steel and concrete. As their emis-
sions will also decline in the future, the score will decrease from -4.2 to -1.6 in 2050. Textiles, 

particle boards, pulp and paper and furniture follow with few differences between them. 

Basic chemicals rank lower than the use of solid wood or fibres, as the process is laborious 

and resource intensive. However, they are clearly ahead of the energy options. 

All energy options rank low, with heat and electricity generation in the lower midfield, while 
transport fuels are found at the bottom of the ladder, today and in 2050. A closer look at 
the energy options shows following ranking:  

1. process heat (high Temperature) above process heat (medium temperature) above dis-
trict heating above space heating above electricity. 

2. Transport fuels bring up the rear, with aviation/shipping ahead of road transport. Accord-

ing to this assessment, forest wood is not a beneficial choice for transport fuel.  

Table 25 summarizes the assessment of current forest wood uses and their allocation ac-
cording to merit order for 2050. The table only includes actual uses (in 2020/25) and, for 
2050, only those uses that are included in the ABS. The table also provides the quantities 
and shares allocated in each case. The quantity of biomass used for each utilisation path 
(e.g. roundwood input into the sawmill industry) is reported, as well as the quantities that 
enter these utilisations after the various steps of processing. This is particularly relevant for 
forest wood, as large quantities from these processing steps are used for other purposes as 
by-products (e.g. sawdust and black liquor). The interlinked material flows are particularly 
visible in the Sankey diagrams in Section 9.2.4, Figure 38. 
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Table 25: Allocation of forest wood uses align with the merit order for main uses for today and for the year 2050 

Product type Supply  
volume *) 

Share Used vol-
umes ** ) 

Share  Material/ 
energy 

Used for Ranking 
group 

2020/25        

Timber/logs 452 TWh 27% 253 TWh 15% Material 
¶ Construction wood (timber) 

¶ Furniture (solid wood) 

 

Industry wood  

(incl. forest residues) 

 

1198 TWh 

 

73% 

 

425 TWh 26% Material 

¶ Pulp & paper 

¶ Textile (wood fibre) 

¶ Particle board 

 

183 TWh*** 

(black liquor 

from paper pro-

duction) 

11% Energy 

¶ Process heat 

¶ Road transport ς adv. bio-

fuel ς methanol ς gasifica-

tion 

 

789 TWh 47% Energy 

¶ Space heating 

¶ Process heat (>500°C) 

¶ Process heat (<500°C) 

¶ District heating 

¶ Electricity 

 

2050        

Timber/logs 574 TWh 42% 354 TWh 26% Material ¶ Construction wood (timber) 

¶ Furniture (solid wood) 

 

Industry wood  

(incl. forest residues) 

 

789 TWh 

 

58% 

 

473 TWh 35% Material ¶ Pulp & paper 

¶ Textile (wood fibre) 

¶ Particle board 

 

225 TWh***  

(black liquor 

from paper pro-

duction) 

16% Energy ¶ Process heat (>500°C)  

536 TWh 39% Energy ¶ Process heat (>500°C) 

¶ Space heating 

 

*) Supply volume for timber/logs and for fibre describe the complete roundwood processed in sawmill 

and fibre industries 

**) Supply volume for fibres include shares of sawdust (130 TWh in 2020, 145 TWh in 2050) 

Used volumes for timber/logs exclude sawdust;  

Used volumes for fibres exclude process residues from paper production (black liquor: 183 TWh in 2020 

and 225 TWh in 2050), which is considered for process heat and road transport 

Â favourable <0 score;   Â rather favourable: 0 - 2 score;  

Â rather unfavourable: >2 - 4 score;  Â unfavourable: >4 score  
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Agricultural biomass 

The diversity of considered agricultural biomass types is a decisive factor in the wide range 
of results. The type is the most relevant factor for the ranking, followed by the type of use. 
Wood from agroforestry and short rotation coppice (SRC) is clearly more beneficial than 

άŎƭŀǎǎƛŎŀƭέ ŎǊƻǇǎ όǊŀǇŜǎŜŜŘΣ ǿƘŜŀǘΣ ƎǊŜŜƴ ƳŀƛȊŜ ŜǘŎΦύΦ 

Looking at the use, the result resembles the one from forest wood: material use options 
rank best with textile from agriwood (it is of advantage to use given fibre structure instead 
of complete re-synthesis.  

Currently, oleochemicals and technical starch from crops are better ranked than from via 
the biomethanol route. The ranking changes over time with expected production process 
optimisation (biomethanol) and with the drop of all options based on starch/sugar crops by 
2050, being replaceable by cellulosic raw materials. An exception should be conceded for 
vegetable oils that, firstly, have very specific quality requirements for material use (e.g. hy-
draulic oils) and, secondly, are provided by oil crops that do not require intensive cultivation 
and have a low iLUC risk (e.g. castor oil). In almost all cases, these are imported vegetable 
oils. 

The options for heat and electricity show the same ranking as with forest wood. The utilisa-
tion of green maize for heat or electricity generation (via biogas, biomethane) ranks at the 
end of the ladder. 

The best result for transport fuels is presented by aviation/shipping fuel based on SRC wood. 
And even aviation fuel from oil crops is ahead of road transport from SRC wood by today. In 
2050, the SRC options are all ahead of the annual crops. Palm oil-based fuels, which were 
included here as a reference, are definitely at the bottom of the list. 

Table 26 summarizes the assessment of current uses and their allocation according to merit 
order for 2050. While the change from the current situation to the scenario for forest wood 
was mainly due to a shift within existing uses, there are very significant changes here in both 
the type of biomass and the type of use. Except for the small amount of vegetable oils used 
in oleochemistry (and even then, only on condition that low-ILUC feedstock is used), nothing 
remains of the crops currently grown and used. Demand ς which is higher than today ς will 
be met entirely by wood from SRC or paludiculture. This will primarily serve the significantly 
growing demand of the chemical industry, which accounts for over 50% of the share. In sec-
ond place is the aviation sector and its considerable demand to meet the ReFuelEU Aviation 
target.30 Remaining supply quantities can then be allocated along the merit order to cover 
gaps in various energy sectors. 

  

ςςςςςςςςςςςςςςςς 
30 It should be emphasized that demand resulting from regulatory targets under EU rules does not play a 
role in allocation; just, the ranking and merit order are decisive. 
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Table 26: Allocation of uses of agricultural crops with the merit order for main uses for 2020/25 and for the year 2050 

Product type Supply  
volume*) 

Share Material/ en-
ergy 

Used for Ranking 
group 

2020/25      

Starch/ sugar 4 TWh 2% Material ¶ Technical starch  

 32 TWh 14% Energy ¶ Road transport, conventional biofuel   

Oil crops, unspec. 12 TWh 5% Material ¶ Oleochemicals  

 
65 TWh 28% Energy 

¶ Aviation/shipping, conventional biofuel 

¶ Road transport, conventional biofuel  

 

Oil crops  

(low-iLUC)**)  
12 TWh 5% Material 

¶ Oleochemicals  

Palm oil  

(high-iLUC) 
12 TWh 5% Material 

¶ Oleochemicals  

 12 TWh 5% Energy ¶ Road transport, conventional biofuel   

Green plants  

(green maize) 
83 TWh 36% Energy 

¶ Process heat 

¶ District heat 

¶ Space heat 

¶ Electricity, biomethane 

 

2050      

SRC,  

paludiwood 

334 TWh 52% Material 
¶ Fibres 

¶ Chemicals, biomethanol via gasification 

 

70 TWh 11% Energy 

¶ District heating 

¶ Space heating 

¶  Electricity 

¶  

 

 

214 TWh 33% Energy ¶ Aviation fuel, biomethanol via gasification   

Oil crops low-iLUC 27 TWh 4% Material ¶ Oleochemicals  

*)   Supply volume describe the energy content of the original biomass (wood, used oil) 

**) Castor oil is mentioned here as an example of low-ILUC risk oil crop. 

Â favourable <0 score;   Â rather favourable: 0 - 2 score;  

Â rather unfavourable: >2 - 4 score;  Â unfavourable: >4 score  
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Agricultural residues 

For all four selected feedstocks (manure, straw, landscape material and catch crops), the 
best results are achieved when the material is used for chemicals. And for all four feed-
stocks, the ranking of the technical route and the end use is mostly the same: 

1. chemicals ς 2. advanced biofuel ς 3. process heat (>500°C) ς 4. process heat (<500°C) ς  
5. district heat ς 6. space heat ς 7. electricity  

An overall ranking of the feedstocks is also visible: manure is the best: As far as it is produced 
in the context of animal husbandry, it must be utilised, whether digested or not. And actu-
ally, there are no drawbacks concerning digestion. This also means that the potential still to 
be tapped from manure must be exploited without question. 

In 2020/25 landscape material and catch crops are almost equal in middle range ranking, 
and straw is the least favourable in comparison. In 2050 this gets even more distinct, while 
catch crops lose more ground due to the need for agricultural inputs. 

All in all, the allocation of this group shows that: Basic chemicals (in terms of demand) and 
the use of manure (in terms of supply) should have always be given priority. 

Table 27 shows a significant increase in supply volume over time. In addition to the increase 
in manure (despite the reduction in livestock farming) and straw, the potential of catch crops 
and landscape materials will also be realised in future, despite these currently playing al-
most no role. Due to their high lignocellulose content, these materials can be treated like 
straw and can therefore contribute towards meeting the raw material requirements for 
chemicals. Where biogas or biomethane production is the most appropriate technical solu-
tion (e.g. for manure), the focus is shifting towards meeting various energy needs. 
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Table 27: Allocation of uses of agricultural residues with the merit order for main uses for 2020/25 and for the year 2050 

Product type Supply  
volume*) 

Share Material/ en-
ergy 

Used for Ranking 
group 

2020/25      

Straw 8 TWh 15% Material 
¶ Chemicals - bioethylene,  

hydrolysis/fermentation 

 

Manure  47 TWh 85% Energy 

¶ Process heat 

¶ District heating 

¶ Space heating 

¶ Road transport, advanced biofuel - 

biomethane 

 

¶ Electricity ς biomethane  

2050      

Straw 
57 TWh 22% Materials ¶ Chemicals - bioethylene,  

hydrolysis/fermentation 

 

Manure  70 TWh 27% Energy ¶ Electricity (Combined Heat and 

Power plants) 

¶ Process heat  

¶ District heating 

¶ Space heating 

 

    ¶ Electricity ς biomethane  

Catch crops 64 TWh 24% Materials ¶ Chemicals - bioethylene,  

hydrolysis/fermentation 

 

Landscape material 73 TWh 28% Materials ¶ Process heat (>500°C) 

¶ District heat 

¶ Electricity (direct/biomethane) 

¶ Aviation fuel, biomethanol via  

gasification  

 

*) Supply volume describe the energy content of the original biomass (manure, straw etc.) 

Â favourable <0 score;   Â rather favourable: 0 - 2 score;  

Â rather unfavourable: >2 - 4 score;  Â unfavourable: >4 score  
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Other wastes and residues 

Under this category, those three materials are assessed: used wood, black liquor (residue 
from pulp and paper industry) and used cooking oil (UCO), covering also animal fat. As for 
agricultural residues, for all these feedstocks, the best results are achieved when the mate-

rial is used for chemical production.  

By 2050, the second-best application is high temperature process heat for all three feed-
stocks. Apart from that, the feedstocks need to be evaluated separately because the ranking 
of uses differs between the feedstocks, due to the strong differences in material properties:  

¶ UCO has a high energy content and needs no higher processing in advance; this leads 
almost inevitably to a high ranking. 

¶ Black liquor is a rough condensate from paper processing with a low energy content 

¶ Used wood as a solid biomass needs high processing for chemicals or fuel production  

As for all the other material groups, the range of values decreases significantly over time. 
¢Ƙƛǎ ƳŜŀƴǎΣ ǘƘŀǘ ƻǾŜǊ ǘƘŜ ƭƻƴƎ ǘŜǊƳ ǘƘŜ ōƛƻƳŀǎǎ ΨǇǊŜƳƛǳƳΩ ƎŜǘǎ ƭƻǿŜǊ ǿƛǘƘ ǊŜƎŀǊŘ ƻƴ ōŜƛƴƎ 
beneficial as a renewable resource. In principle, the use of UCO and animal fat for oleochem-
istry should be favoured by 2050. However, this market is limited, meaning that the surplus 
quantity of UCO and animal fat can also be left to the aviation fuel sector. 

The results for black liquor are partly transferable for other residues from paper production, 
such as tall oil. While for tall oil, even today there are multiple pathways for chemical use, 
black liquor is a more complicated material, processing it to chemicals is still not that ad-
ǾŀƴŎŜŘΦ ¢ƘǳǎΣ ƛǘǎ ǳǎŜ ŦƻǊ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜ ǇǊƻŎŜǎǎ ƘŜŀǘ ƛǎ ǇǊŜŦŜǊŀōƭŜ ŀǘ ƭŜŀǎǘ ŦǊƻƳ ǘƻŘŀȅΩǎ 
perspective. New developments may change this assessment in the future but are not ex-
pected at this point. 

Table 28 shows relatively minor changes for this biomass group until 2050. The quantities 
are already largely recorded today. The biggest change for ABS is seen for UCO, which is 
currently mainly used for biofuel in road transport. In contrast, its main use in the scenario 
will be as aviation fuel (SAF). 
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Table 28: Allocation of uses of other wastes and residues with the merit order for main uses for the year 2020/25 and for the year 

2050 

Product type Supply  

volume*) 

Share Material/ en-

ergy 

Used for Ranking 
group 

2020/25      

UCO 45 TWh 13% Energy 
¶ Aviation/shipping + Road transport ς 

conventional biofuel 

 

Animal fat 14 TWh 3% Energy ¶ Road transport ς conventional biofuel  

Used paper 145 TWh 42% Energy ¶ Pulp & paper  

Used wood 73 TWh 23% Energy 
¶ Process heat  

¶ Electricity  

Biowaste, sewage sludge 

etc. 
67 TWh 19% Energy 

¶ Space heat 

¶ District heating 

¶ Process heat 

¶ Electricity 

 

¶ Aviation ς adv. biofuel  

2050      

Animal fat 7 TWh 2% Materials ¶ Oleochemicals  

Used paper 178 TWh 45% Materials ¶ Pulp & paper  

UCO 45 TWh 11% Energy ¶ Aviation ς conv. biofuel  

Used wood 73 TWh 21% Energy ¶ Process heat 

¶ Electricity ς biomethane 

 

Biowaste, sewage sludge 

etc. 
89 TWh 23% Energy 

¶ Space heat 

¶ District heating 

¶ Process heat 

¶ Electricity 

 

*) Supply volume describe the energy content of the original biomass (use wood, animal fat etc.)  

Â favourable <0 score;   Â rather favourable: 0 - 2 score;  

Â rather unfavourable: >2 - 4 score;  Â unfavourable: >4 score  

Comparing the allocation result with focus on current usages vs ABS 

Across the material types following finding can be drawn when analysing developments 
from today until 2050. First of all, in a large number of usage and biomass categories, the 
Agora biomass scenario follows a clear trend towards the preferred options, based on the 
Allocation Guide.  

In doing so, it focuses on the expansion of technologies (e.g. synthesis) and types of biomass 
(e.g. agriwood, SRC) that are not yet in use today, or at least not to any significant extent. 
At the same time, some unfavourable practices, such as the current cultivation of today's 
common annual crops (oil crops, starch and sugar plants, green maize) for energy and 
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materials and the use of biomass for road transport fuels, are phased out. At least to a large 
extent.  

The Agora biomass scenario also shows that options that do not necessarily receive a fa-
vourable scoring result will still be in use, e.g. space heating or aviation fuels. This reflects 
trade-offs based on Agora's feasibility assessment regarding societal choices or technology 
alternatives. When focusing on a higher granularity level, in particular for the material use 
of wood, whereas the synthesis of chemicals from wood (in particular from agriculture) is 
likely to take up larger volumes, smaller areas of application that achieve very good rankings 
(e.g. textile fibres) should be fully exploited. 

Although the allocation guide excludes a number of unfavourable types of biomass and uses 
(biofuel from annual crops), there will be more technical options to cover the demand of 
the scenario than at the current state (lignocellulose converted to basic chemicals or avia-
tion fuel). This goes in line with the increased supply of biomass in 2050, taking the decrease 
of forest wood extraction into account, as well as the increased provision by agricultural 
wood (SRC, agroforestry and paludiculture). 

Thus, these new feedstock resources offer large potential but also require political support 
in order to advance their production and the technologies for their processing ς in particular 
when it comes to the chemical sector. On the other hand, the most highly rated feedstock 
sources (such as manure and other residues) are only available in very limited quantities 
(although there is already potential for improved recovery today, it will remain relatively 
limited over time). This demonstrates the importance to mobilise and exploit also the small, 
highly rated potentials instead of focusing solely on feedstocks with large volume potentials. 

Outcome for biomass use per sector 

Although the scenario phases out a large number of unfavourable pathways, the number of 
applied options for biomass use increase in every sector over time. This goes in line the 
extension of feedstock types available for each sector. For most sectors, the highly rated 
end-use options are available for relatively small volumes, given the biomass supply poten-
tials, and the reverse applies e.g. for electricity, heat, transport and organic chemicals sec-
tors. This may lead to competing interests for options that have limited available supply. It 
can also point to a preference for feedstocks with high volume potentials (due to e.g. quality 
standards, scaling, economies of scale) with the risk of discarding the most favourable ma-
terial options, but with limited volumes, that would remain unexploited. 

The demand for biomass in individual sectors varies in reasons and degree of urgency. 

For electricity, biomass will only serve as back-up generation to flexibly fill in for supply gaps, 
since other renewable sources will cover the main demand. In absolute terms, this means a 
ǊŜŘǳŎǘƛƻƴ ƛƴ ǘƻŘŀȅΩǎ ōƛƻƳŀǎǎ ǎǳǇǇƭȅ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ōȅ нлрлΦ {ƛƴŎŜ ǎƻƭƛŘ ŦǳŜƭǎ ŀǊŜ ƭŜǎǎ ǎǳƛǘŀōƭŜ 
for this purpose than gaseous fuels, biomethane based on fermentable residues will mainly 
be used to cover the remaining demand in the future. 

As for heat, there is a clear priority need for high-temperature process heat, for which there 
are few alternatives to renewable fuels other than hydrogen, outside electrification. For 
space heating (district or domestic heating), on the other hand, various types of heat pumps 
and other sources are more easily applicable. Solid fuels are similarly suitable here as gase-
ous fuels. In terms of allocation, waste-based biogas is also the preferred option here. 
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Established uses such as black liquor from paper production for own process heat will con-
tinue to make sense in the future. 

Transport fuel, in the long term, will become unnecessary due to electrification, regarding 
ground-based transport. There will still be demand for liquid fuel in the aviation and, to 
some extent, marine shipping sector. Aviation is expected to require considerably more bio-
fuel (SAF) to meet the quota obligation by RefuelEUAviation in 2050 than the 80 to 90 TWh 
of biomass allocated herein the Agora scenario. Due to legal requirements, this will no 
longer consist of food and feed crops, but will be primarily wood-based, respectively based 
on lignocellulose. Thus, current usage will change significantly.  

For the production of organic chemicals will, after the heating sector, have the highest de-
mand for biomass in order to meet the requirements according to the Agora biomass sce-
nario. It also constitutes by far the strongest growth of biomass input. Since carbon is es-
sential for organic chemical products, the only alternative to biomass would be CO2 from 
air. Solid biomass (wood, lignocellulose) is the major basis here. Existing specialised subsec-
tors such as oleochemistry can continue to use animal fats. By contrast, whilst the use of 
UCO is also favourable according to the merit order, quality-related constraints may apply 
here. For technical reasons, this sector would continue to rely on specific vegetable oils, 
which are, however, rated rather unfavourably under the merit order. By limiting this to 
such cases and to low-iLUC crops, a justified exception to the strict merit order is permitted. 
The use of UCO, on the other hand, is permissible for aviation fuel, which is rather favoura-
ble according to the merit order. 

From the material use outside chemicals, pulp & paper, timber (i.e. sawn wood products) 
and panels are the dominant sectors in terms of biomass demand. On the one hand, they 
are already established, and on the other hand, there are high expectations for further ex-
pansion in the construction sector. The construction sector is dependent on stem wood 
from forests. However, sawmilling also produces by-products that are used as raw materials 
in the other sectors. Concerning total consumption of forest wood, the increase in the use 
by the sectors described here is more than compensated by a decline in the direct use of 
wood for energy. In light of this, the Agora biomass scenario, which envisages a 10% reduc-

tion in forest harvesting, can be achieved.  

The production of wood-based textile fibres is particularly advantageous in the assessment. 
However, the quantity required is comparatively low. It is therefore important that such 
individual industries are also enabled to use this raw material and gain markets for it. Ulti-
mately, this can replace the two main production paths that are problematic from an envi-

ronmental perspective (cotton and fossil-based synthetic fibres). 

7.2 Insights on sustainable biomass use in EU legislation 

The EU Directive on the promotion of the use of energy from renewable sources (RED III, in 
the recast version from October 2023) represents the key regulation governing biomass use 
in the EU. Many other regulations, such as those for aviation (RefuelEUAviation) and mari-
time transport (FuelEU Maritime), but also the European carbon trading system (EU ETS) 
refer to it, particularly when it comes to assessing sustainability. As already emphasised in 
the InfoBox Box 1 (section 3.2), the focus of the RED III is clearly on energy use. However, 
along with the recasts of this directive the awareness that energy use is likely to displace 
other sensible uses of biomass has grown. This applies in particular, since bioenergy is ef-

fectively promoted by the RED III. 
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In that sense, article 3 paragraph 3 and 3a clearly stipulates that national support schemes 
for bioenergy must avoid incentivising unsustainable pathways and distorting competition 
with the material sectors. Rather, biomass use must be aligned with its highest economic 
and environmental added value.  

The principle of RED III regarding bioenergy consists of  

1. setting quota targets (as a percentage of total energy consumption or based on a GHG 

quota) specifically for bioenergy and  

2. minimum criteria for the eligibility of specific bioenergy consignments for these quotas. 

However, on this basis, it is not possible to determine how to calculate the highest added 
value for the economy and the environment, including biological diversity. How shall this be 
measured and verified? This study shows one way in which such an assessment could be 
carried out. However, it also shows that this task is highly complex, as the scope of biomass 
use is extremely broad (bioenergy, on the other hand, is comparatively easy to define). The 
definition of criteria allows for some value judgement as well as their implementation can 
be subject to interpretations. Just the greenhouse gas accounting method, as defined in An-
nexes V and VI of RED III, cannot be applied to material uses. This means that the existing 
method cannot be used to compare energy and material uses. And the GHG balance is only 
part of the picture. Environmental assessment brings many other aspects into play, not least 
the question of economic added value. 

Thus, RED III lacks concrete approaches on how to implement this. It is left to the responsi-
bility of the Member States, which can lead to distortions of the internal market.  

The inclusion of the principle of cascade use in the RED is a major step towards widening 
the scope of the directive in terms of sustainable resource use. However, apart from the 
hierarchy of broad usage categories (stemming from the EU Waste Framework Directive), 
there are currently no guidelines on how to implement this. In practice, there is no evidence 
that the four uses at the top of the priority list (a. wood-based products, b. extending the 
service life of wood-based products, c. reuse, d. recycling) are actually given preference over 
bioenergy use. Efforts are being made, for example, to increase the use of waste wood for 
the production of chipboard instead of burning it. But such efforts are counteracted by the 
fact that the largest share of bioenergy is supplied by far from primary forest wood (see the 
material flows in section 9.2.4, Figure 38). This study and the Agora biomass scenario show 
that the markets for material product of wood or another biomass can and should increase, 
following the cascading, circularity and efficiency principles.  

7.3 Final resume 

The assessment approach established in this study for deriving an allocation ladder was de-
veloped on the basis of a selection of key criteria contained in relevant standards, regula-
tions and strategies for the bioeconomy. Its application largely supports the requirements 

according to which a biomass scenario was developed by Agora.  

Residues and waste are to be preferred as types of biomass. However, they only represent 
a comparatively small amount and are far from sufficient to meet demand. Forest wood is 
also a preferred raw material, but only for uses with high material added value. Therefore, 
only those flows that are harvested in the course of regulated and sustainable forestry, do 
not reduce the carbon sink effect and are not required for other material uses are 
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acceptable as energy wood from the forest. A general decline in the harvesting of forest 
wood (in the scenario, we assume a 10% reduction in logging by 2050) does not preclude an 
increase in the use of wood in the construction sector. In addition, lowering the harvest rate 
does have many advantages, such as strengthening the sink effect and, above all, promoting 
ecosystems health and biodiversity. 

Agricultural biomass takes a determinant role. On the one hand, it is associated with critical 
negative environmental impacts with current practices. This is reflected in the allocation 
ladder classifications. On the other hand, agriculture can shift to multi-annual crops to con-
tribute to meeting biomass demand, as diverse waste and residues potentials are limited 
and forest wood supply is constrained. The very first prerequisite is that food security is 
ensured while the remaining area can be used for cultivation of other biomass types than 
food and feed. The type of biomass cultivated should provide for biodiversity and ecosystem 
services in addition to feedstocks. This can best be achieved by growing short rotation cop-
pice plantations or agroforestry and the like on arable land. 

With regard to the allocation ladder, it has already been pointed out that, despite the wide 
variety of options, material uses generally prove to be advantageous. The prioritisation se-
quence for energy uses is relatively similar across all types of biomass. High-temperature 
process heat is always ranked favourable as there are relatively few renewable alternatives 

to biomass for this purpose. 

Low-temperature process heat and district heating follow in the allocation ladder. Biomass 
use for space heating, electricity and transport fuel is rather on the unfavourable side, de-
pending on the type of biomass. Among transport fuels, fuels for aviation and shipping are 
clearly ahead of those for road transport. 

The Agora Biomass scenario corresponds to the recommendations of the allocation ladder 
in almost all respects. Its implementation will entail significant changes in biomass flows and 

uses over time. This will require political decisions and support, and adequate legislation. 



ifeu = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = 137 

8 Literature 

ACEA. (2024). The automobile pocket guide 2023/2024 (p. 106). https://www.acea.auto/publi-
cation/the-automobile-industry-pocket-guide-2023-2024/ 

ACEA. (2025, July 24). New car registrations: -1.9% in H1 2025; battery-electric 15.6% market 
share. ACEA - 9ǳǊƻǇŜŀƴ !ǳǘƻƳƻōƛƭŜ aŀƴǳŦŀŎǘǳǊŜǊǎΩ !ǎǎƻŎƛŀǘƛƻƴΦ 
https://www.acea.auto/pc-registrations/new-car-registrations-1-9-in-h1-2025-bat-
tery-electric-15-6-market-share/ 

Agora Agriculture. (2024). Agriculture, forestry and food in a climate neutral EU. The land use 
sectors as part of a sustainable food system and bioeconomy. https://www.agora-agri-
culture.org/fileadmin/Projects/2024/2024-09_EU_Agriculture_for-
estry_and_food_in_a_climate_neutral_EU/AGR_336_Land-use-study_WEB.pdf 

Agora Energiewende. (2023). Breaking free from fossil gas. A new path to a climate-neutral Eu-
rope. https://www.agora-energiewende.org/fileadmin/Pro-
jekte/2021/2021_07_EU_GEXIT/A-EW_292_Breaking_free_WEB.pdf 

Agora Industry. (2022). Mobilising the circular economy for energy-intensive materials. How Eu-
rope can accelerate its transition to fossil-free, energy-efficient and independent indus-
trial production. Agora Industry. https://www.agora-industry.org/fileadmin/Pro-
jekte/2021/2021_02_EU_CEAP/A-EW_254_Mobilising-circular-econ-
omy_study_WEB.pdf 

Agora Industry. (2023). Chemicals in transition. The three pillars for transforming chemical 
value chains. Agora Industry. https://www.agora-industry.org/fileadmin/Pro-
jekte/2022/2022-02_IND_Climate_Positive_Chemistry_DE/A-EW_300_Chemi-
cals_in_transition_EN_WEB.pdf 

Alberici, S., Toop, G., Monchen, B., Peeters, S., & Peterse, J. (2024). Biogases towards 2040 and 
beyond. Guidehouse. https://www.europeanbiogas.eu/biogases-towards-2040-and-
beyond/ 

ANCRE. (2023). Scénarios de décarbonation du secteur transport en France et leurs impacts sur 
ƭŀ ōƛƻƳŀǎǎŜΣ ƭΩƘȅŘǊƻƎŝƴŜ Ŝǘ ƭΩŞƭŜŎǘǊƛŎƛǘŞ (p. 78). Alliance Nationale de Coordination de 
ƭŀ wŜŎƘŜǊŎƘŜ ǇƻǳǊ ƭΩ9ƴŜǊƎƛŜ ό!b/w9ύΦ ƘǘǘǇǎΥκκǿǿǿΦŀƭƭƛŀƴŎŜŜƴŜǊƎƛŜΦŦǊκǿǇ-content/up-
loads/2023/11/Scenarios_Transport_ANCRE_final.pdf 

Avitabile, V., Baldoni, E., Baruth, B., Bausano, G., Boysen-Urban, K., Caldeira, C., Camia, A., 
Cazzaniga, N., Ceccherini, G., De, L. V., Doerner, H., Giuntoli, J., Gras, M., Guillen, G. J., 
DǳǊǊƛŀΣ tΦΣ IŀǎǎŜƎŀǿŀΣ aΦΣ WŀǎƛƴŜǾƛőƛǳǎΣ DΦΣ WƻƴǎǎƻƴΣ wΦΣ YƻƴǊŀŘΣ /ΦΣ Χ ½ǳƭƛŀƴΣ DΦ όнлноΣ 
February 27). Biomass production, supply, uses and flows in the European Union. JRC 
Publications Repository. https://doi.org/10.2760/811744 

Bazzanella, Dr. A. M., & Ausfelder, Dr. F. (2017). Technology studyτLow carbon energy and 
feedstock for the European chemical industry. DECHEMA Gesellschaft für Chemische 
Technik und Biotechnologie e.V. https://dechema.de/dechema_media/Down-
loads/Positionspapiere/Technology_study_Low_carbon_energy_and_feed-
stock_for_the_European_chemical_industry.pdf 

Biermann, U., Bornscheuer, U. T., Feussner, I., Meier, M. A. R., & Metzger, J. O. (2021). Fatty 
Acids and their Derivatives as Renewable Platform Molecules for the Chemical 



138 = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = ifeu  

  

 

Industry. Angewandte Chemie International Edition, 60(37), 20144ς20165. 
https://doi.org/10.1002/anie.202100778 

BioNET. (n.d.). Biomass gasificationτBioenergy with carbon capture and storage (BECCS). Bio-
NET. Retrieved 6 November 2025, from https://www.openagrar.de/servlets/MCRFile-
NodeServlet/openagrar_derivate_00053820/BECCS_Gasification.pdf 

Bioökonomie.de. (2023). Clariant: End of commercial biorefinery in Romania. Bioeconomy 
News. https://biooekonomie.de/en/news/clariant-end-commercial-biorefinery-roma-
nia 

Bioökonomierat. (2023). Bioökonomie nachhaltig umsetzen! Erste Handlungsempfehlungen des 
Bioökonomierats zur Umsetzung der Nationalen Bioökonomiestrategie. 
https://www.biooekonomierat.de/media/pdf/arbeitspapiere/2023-06-
07_boer_erste_Handlungsempfehlungen_Biooekonomie_nachhaltig_umsetzen_Lang-
fassung.pdf?m=1702479108& 

BLE. (2024). Evaluations- und Erfahrungsbericht für das Jahr 2023. Bundesanstalt für Landwirt-
schaft und Ernährung. https://www.ble.de/SharedDocs/Downloads/DE/Klima-Ener-
gie/Nachhaltige-Biomasseherstellung/Evaluationsbericht_2023.pdf?__blob=publica-
tionFile&v=2 

BMBF. (2020). Nationale Bioökonomiestrategie. Bundesministerium für Bildung und Forschung. 
https://biooekonomie.de/sites/default/files/files/2020-06/bmbf_nationale_biooeko-
nomiestrategie_langfassung_deutsch.pdf 

Böhling, K. (2024). D3.3 Update of drivers in policies and administrations for innovation in for-
estry and agroforestry. FOREST4EU. https://www.forest4eu.eu/wp-content/uplo-
ads/2025/01/D3.3-1.pdf 

Böttcher, H., & Fallasch, F. (2024). Assumptions on potentials for Carbon Dioxide Removals in 
the EU (No. 35/2024; CLIMATE CHANGE, p. 28). Umweltbundesamt. https://www.um-
weltbundesamt.de/sites/default/files/medien/11850/publikationen/35_2024_cc_po-
tentials_for_cdr.pdf 

Bozzolan, N., Mohren, F., Grassi, G., Schelhaas, M.-J., Staritsky, I., Stern, T., Peltoniemi, M., 
~ŜōŜƶΣ ±ΦΣ IŀǎǎŜƎŀǿŀΣ aΦΣ ±ŜǊƪŜǊƪΣ tΦ WΦΣ tŀǘŀŎŎŀΣ aΦΣ WŀƴǎƻƴǎΣ !ΦΣ WŀƴƪƻǾǎƪȇΣ aΦΣ 
Palátová, P., Blauth, H., McInerney, D., OldenbuǊƎŜǊΣ WΦΣ WňǎǘŀŘΣ 9Φ hΦΣ YǳōƛǎǘŀΣ WΦΣ Χ 
Nabuurs, G. (2024). Preliminary evidence of softwood shortage and hardwood availa-
bility in EU regions: A spatial analysis using the European Forest Industry Database. 
Forest Policy and Economics, 169, 103358. https://doi.org/10.1016/j.for-
pol.2024.103358 

Brus, D. J., Hengeveld, G. M., Walvoort, D. J. J., Goedhart, P. W., Heidema, A. H., Nabuurs, G. J., 
& Gunia, K. (2012). Statistical mapping of tree species over Europe. European Journal 
of Forest Research, 131(1), 145ς157. https://doi.org/10.1007/s10342-011-0513-5 

Bundesnetzagentur. (2024). Rückblick: Gasversorgung im Jahr 2023. https://www.bundesnetz-
agentur.de/DE/Gasversorgung/a_Gasversorgung_2023/start.html 

Bundesverband der deutschen Bioethanolwirtschaft e.V. (2023). Geplante Absenkung der Kap-
pungsgrenze für Biokraftstoffe. bdbe. https://www.bdbe.de/politik/positionen/ge-
plante-absenkung-der-kappungsgrenze-fuer-biokraftstoffe 

/ŀƳƛŀΣ !ΦΣ DƛǳƴǘƻƭƛΣ WΦΣ WƻƴǎǎƻƴΣ wΦΣ wƻōŜǊǘΣ bΦΣ /ŀȊȊŀƴƛƎŀΣ bΦ 9ΦΣ WŀǎƛƴŜǾƛőƛǳǎΣ DΦΣ !Ǿƛǘŀōƛƭe, V., 
Grassi, G., Barredo, J. I., & Mubareka, S. (2021). The use of woody biomass for energy 
production in the EU. European Commission. https://publications.jrc.ec.europa.eu/re-
pository/handle/JRC122719 

Cantarello, E., Jacobsen, J. B., Lloret, F., & Lindner, M. (2024). Shaping and enhancing resilient 
forests for a resilient society. Ambio, 53(8), 1095ς1108. 
https://doi.org/10.1007/s13280-024-02006-7 



ifeu = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = 139 

/ŀȊȊŀƴƛƎŀΣ bΦ 9ΦΣ WŀǎƛƴŜǾƛőƛǳǎΣ  ƎŜŘƛƳƛƴŀǎΣ ϧ aǳōŀǊŜƪŀΣ {Φ όнлннύΦ Sankey diagrams of woody bi-
omass flows in the EU - 2021 release (JRC127989.). https://publications.jrc.ec.eu-
ropa.eu/repository/bitstream/JRC127989/JRC127989_01.pdf 

Cazzaniga, N., Jonsson, R., Pilli, R., & Camia, A. (2019). Wood Resource Balances of the Euro-
pean Union and Member States. (p. 8). Publications Office. https://data.eu-
ropa.eu/doi/10.2760/020267 

CBD. (2023). Report of the Conference Of The Parties to the Convention on Biological Diversity 
on the second part of its fifteenth meeting. 
https://www.cbd.int/doc/c/f98d/390c/d25842dd39bd8dc3d7d2ae14/cop-15-17-
en.pdf 

CDU CSU SPD. (2025). Verantwortung für DeutschlandτKoalitionsvertrag zwischen CDU, CSU 
und SPD - 21. Legislaturperiode. CDU-Bundesgeschäftsstelle. 
https://www.spd.de/fileadmin/Dokumente/Koalitionsvertrag2025_bf.pdf 

CEA. (2025, October 10). [Ŝ /9! ǇƛƭƻǘŜ ŘŜǎ !ƎŜƴŎŜǎ ŘŜ tǊƻƎǊŀƳƳŜǎ ǇƻǳǊ ƭΩŞƴŜǊƎƛŜ Ŝǘ ƭŜ ƴǳƳŞπ
rique. CEA. CEA/Recherche et innovation. https://www.cea.fr/Pages/le-cea/CEA-pi-
lote-agences-programmes.aspx 

Chakrabarty, S., Kalam Mohammad Aminul Islam, A., Yaakob, Z., & Kalam Mohammad Mominul 
Islam, A. (2021). Castor (Ricinus communis): An Underutilized Oil Crop in the South 
East Asia. In M. L. Larramendy & S. Soloneski (Eds.), Agroecosystems ς Very Complex 
Environmental Systems. IntechOpen. https://doi.org/10.5772/intechopen.92746 

dena. (2023). Marktmonitoring Bioenergie 2023τDatenerhebungen, Einschätzungen und Prog-
nosen zu Entwicklungen, Chancen und Herausforderungen des Bioenergiemarktes. 

Destatis. (2025). Feldfrüchte und Grünland. Statistisches Bundesamt. https://www.desta-
tis.de/DE/Themen/Branchen-Unternehmen/Landwirtschaft-Forstwirtschaft-Fische-
rei/Feldfruechte-Gruenland/_inhalt.html 

DGEC. (2025). Lancement de la consultation sur le projet de mécanisme incitant à la réduction 
ŘŜ ƭΩƛƴǘŜƴǎƛǘŞ ŎŀǊōƻƴŜ ŘŜǎ ŎŀǊōǳǊŀƴǘǎ όLwL//ύ. https://intercede-project.eu/about-2/ 

Die Gas- und Wasserstoffwirtschaft e.V. (2025). Biogas: Chancen nutzen, Herausforderungen 
meistern. https://gas-h2.de/energie-gas/biogas/potenziale-und-chancen-biomethan/ 

Dotzauer, M., Barchmann, T., Schmieder, U., Rensberg, N., Stinner, W., Arnold, K., & Krüger, C. 
(2022). Kurzstudie zur Rolle von Biogas für ein klimaneutrales, 100 % erneuerbares 
Stromsystem 2035. https://www.dbfz.de/fileadmin/user_upload/Referenzen/Stu-
dien/Kurzstudie_Biogas_2022.pdf 

EBA. (2024). Statistical Report 2024. https://www.europeanbiogas.eu/eba-statistical-report-
2024/ 

EEA. (2024a). Handbook on the updated LULUCF Regulation EU 2018/841 Guidance and orien-
tation for the implementation of the updated Regulation (p. 157). European Environ-
ment Agency. https://climate-energy.eea.europa.eu/topics/climate-change-mitiga-
tion/land-and-forests/reports/handbook-on-the-update-lulucf-regulation-v2 

EEA. (2024b, October 10). Energy. Energy. https://www.eea.europa.eu/en/analysis/publica-
tions/sustainability-of-europes-mobility-systems/energy 

EEA. (2025). EIONET - Central Data Respository. https://cdr.eionet.europa.eu/ReportekEn-
gine/searchdataflow 

EFI. (2020). SURE Sustainable and Enhancing REsilience of European ForestsτTowards holistic 
forest crisis management (p. 21) [Policy Brief]. https://sure.efi.int/sites/de-
fault/files/2020-08/Policy%20Brief_Towards%20holistic%20forest%20crisis%20man-
agement.pdf 



140 = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = ifeu  

  

 

EU Commission. (2022). 9ǳǊƻǇŜŀƴ ōƛƻŜŎƻƴƻƳȅ ǇƻƭƛŎȅΥ {ǘƻŎƪǘŀƪƛƴƎ ŀƴŘ ŦǳǘǳǊŜ ŘŜǾŜƭƻǇƳŜƴǘǎ Υ 
report from the Commission to the European Parliament, the Council, the European 
Economic and Social Committee and the Committee of the Regions. Publications Office 
of the European Union. https://data.europa.eu/doi/10.2777/997651 

EurObservER. (2024a). RES in Transport barometer 2024 (p. 8). https://www.eurobserv-
er.org/pdf/res-in-transport-barometer-2024/?tmstv=1733211195 

EurObservER. (2024b). The state of renewable energies in EuropeτEdition 2023 (22nd Ob-
servER-Report; p. 171). https://www.eurobserv-er.org/pdf/22nd-annual-overview-ba-
rometer/?tmstv=1709223205 

European Biodiesel Board. (2025). EBB proposals on how to improve the EU system for the veri-
fication of sustainable biofuels. European Biodiesel Board. https://ebb-eu.org/wp-con-
tent/uploads/2025/02/EBB-proposals-Verification-of-sustainable-biofuels_COM-
PLETE.pdf 

European Biomass Industry Association. (2025). Short rotation forestry. European Biomass In-
dustry Association. https://www.eubia.org/cms/wiki-biomass/short-rotation-forestry/ 

European chemicals agency. (2025). StartseiteτECHA. https://echa.europa.eu/de/ 

European Commission. (n.d.). 2040 climate target. Retrieved 16 October 2025, from https://cli-
mate.ec.europa.eu/eu-action/climate-strategies-targets/2040-climate-target_en 

European Commission. (2018). A Clean Planet for allτA European long-term strategic vision for 
a prosperous, modern, competitive and climate neutral economyτIN-DEPTH ANALYSIS 
IN SUPPORT OF THE COMMISSION COMMUNICATION COM(2018) 773 (Communica-
tion - Supplementary Information COM(2018)773; p. 114). https://climate.ec.eu-
ropa.eu/document/download/78ff393e-68ef-4349-9c9e-ebd16f6a8fd1_en?file-
name=long-term_analysis_in_depth_analysis_figures_20190722_en.pdf 

European Commission. (2019). The European Green Deal [Communication from the Commis-
sion to the European Parliament, the European Council, the Council, the European 
Economic and Social Committee and the Committee of the Regions.]. EU Commission. 
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52019DC0640 

European Commission. (2021a). EU reference scenario 2020: Energy, transport and GHG emis-
ǎƛƻƴǎ Υ ǘǊŜƴŘǎ ǘƻ нлрлΦ Publications Office. https://data.europa.eu/doi/10.2833/35750 

European Commission. (2021b). New EU Forest Strategy for 2030 (COM(2021) 572 final) (Com-
munication from the Commission COM(2021) 572 final). European Commission. 
https://eur-lex.europa.eu/resource.html?uri=cellar:0d918e07-e610-11eb-a1a5-
01aa75ed71a1.0001.02/DOC_1&format=PDF 

European Commission. (2024a). {ŜŎǳǊƛƴƎ ƻǳǊ ŦǳǘǳǊŜ 9ǳǊƻǇŜΩǎ нлпл ŎƭƛƳŀǘŜ ǘŀǊƎŜǘ ŀƴŘ ǇŀǘƘ ǘƻ 
climate neutrality by 2050 building a sustainable, just and prosperous society (Commu-
nication COM(2024) 63 final). https://eur-lex.europa.eu/legal-con-
tent/EN/TXT/PDF/?uri=CELEX:52024DC0063 

European Commission. (2024b, April 15). Supporting policy with scientific evidenceτRound-
wood. Knowledge for Policy. https://knowledge4policy.ec.europa.eu/glossary-
item/roundwood_en 

European Commission. (2024c, April 16). Supporting policy with scientific evidenceτShort rota-
tion coppice. Knowledge for Policy. https://knowledge4policy.ec.europa.eu/glossary-
item/short-rotation-coppice_en 

European Commission. (2025). Bio-based industryτ¦ƴƭƻŎƪ ǘƘŜ ǇƻǿŜǊ ƻŦ 9¦Ωǎ .ƛƻ-based indus-
try [Data-Modelling platform of resource economics]. https://datam.jrc.ec.eu-
ropa.eu/datam/mashup/BIOBASED_INDUSTRY/ 



ifeu = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = 141 

Eurostat. (n.d.). Forestry Database. Retrieved 20 October 2025, from https://ec.europa.eu/eu-
rostat/web/forestry/database 

Eurostat. (2023). Wood productsτProduction and tradeτTables and figures [Dataset]. 
https://ec.europa.eu/eurostat/statistics-explained/images/a/a6/SE_Wood_prod-
ucts_production_and_trade_16_10_2023.xlsx 

Eurostat. (2024a). Glossary: Carbon sink (Statistics Explained, p. 1). Eurostat. https://ec.eu-
ropa.eu/eurostat/statistics-explained/SEPDF/cache/134403.pdf 

Eurostat. (2024b). Volume of timber over bark (EFA questionnaire). Data Browser. 
https://ec.europa.eu/eurostat/databrowser/view/for_vol_efa__cus-
tom_16127904/default/table?lang=en 

Eurostat. (2025a). Roundwood removals by type of wood and assortment. https://ec.eu-
ropa.eu/eurostat/databrowser/view/for_remov/default/table?lang=en 

Eurostat. (2025b, November 18). Final energy consumption in transportτDetailed statistics 
[Statistics Explained]. https://ec.europa.eu/eurostat/statistics-explained/index.php?ti-
tle=Final_energy_consumption_in_transport_-_detailed_statistics 

FAO. (2022). Global forest sector outlook 2050: Assessing future demand and sources of timber 
for a sustainable economy, provisional. Food and Agriculture Organization of the 
United Nations. https://openknowledge.fao.org/server/api/core/bit-
streams/9f646b14-28d2-496e-9728-0b1c281339b5/content 

FAO - GBEP. (2011). The Global Bioenergy Partnership Sustainability Indicators for Bioenergy. 
https://www.fao.org/3/cc7026en/cc7026en.pdf 

Fehrenbach, H., Bürck, S., Köppen, S., Böttcher, H., Hennenberg, K., Wolff, F., & Scheffler, M. 
(n.d.). Wissenschaftliche Begleitung des Umsetzungsplans zur Nationalen Bioökono-
miestrategie (p. 267). Umweltbundesamt. 

Fehrenbach, H., Bürck, S., & Wehrle, A. (2023). The Carbon and Food Opportunity Costs of Bio-
fuels in the EU27 plus the UK. https://www.transportenvironment.org/wp-content/up-
loads/2023/03/ifeu-study-COC-biofuels-EU_for-TE-2023-03-02_clean.pdf 

Fehrenbach, H., Liebich, A., Abdalla, N., Biemann, K., Fröhlich, T., & Simon, B. (2018). Life Cycle 
Inventories of Petroleum Refinery Operation [Report for the SRI]. 

FISE. (2025). Timber traceability: Pioneering innovation to eradicate deforestation from Eu-
ǊƻǇŜΩǎ ǎǳǇǇƭȅ ŎƘŀƛƴ. https://forest.eea.europa.eu/resources/research-corner/re-
search-highlights/timber-traceability-pioneering-innovation-to-eradicate-deforesta-
tion-from-europes-supply-chain 

Flach, B., Lieberz, S., & Bolla, S. (2024). Biofuels Annual 2023 (Nos. E42024-0024). USDA FAS. 
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?file-
Name=Biofuels%20Annual_The%20Hague_European%20Union_E42024-0024.pdf 

FNR. (2023). Basisdaten Bioenergie Deutschland 2024. Fachagentur Nachwachsende Rohstoffe 
e. V. https://www.fnr.de/fileadmin/Projekte/2023/Mediathek/Broschuere_Basisda-
ten_Bioenergie_2023_web.pdf 

FNR. (2024). Anbau nachwachsender Rohstoffe 2023 auf knapp 2,5 Mio. Hektar oder rund 15 
Prozent der landwirtschaftlich genutzten Fläche. https://biogas.fnr.de/ser-
vice/presse/presse/aktuelle-nachricht/anbau-nachwachsender-rohstoffe-2023-auf-
knapp-25-mio-hektar-oder-rund-15-prozent-der-landwirtschaftlich-genutzten-flaeche 

Forest Europe. (2020). State of EuǊƻǇŜΩǎ CƻǊŜǎǘǎ нлнл (p. 394). https://foresteurope.org/wp-
content/uploads/2016/08/SoEF_2020.pdf 

Forest Information System for Europe. (2025, September 11). Forest management systems. 
https://forest.eea.europa.eu/topics/forest-management/management-systems 



142 = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = ifeu  

  

 

Forzieri, G., Marco, G., Ceccherini, G., Mauri, A., Spinoni, J., Beck, P., Feyen, L., & Cescatti, A. 
(2020). Vulnerability of European forests to natural disturbances: JRC PESETA IV pro-
ƧŜŎǘ Υ ¢ŀǎƪ мнΦ (No. JRC118771; p. 17). Publications Office. https://data.eu-
ropa.eu/doi/10.2760/736558 

Frontier Economic. (2025). Scenarios for the market ramp-up of e-fuels in road transport (p. 
59). https://www.frontier-economics.com/media/tlzl1uya/scenarios-for-the-market-
ramp-up-of-e-fuels-in-road-transport-eng-january-2025-stc.pdf 

Fuels Europe. (2019). Vision 2050τA pathway for the evolution of the refining industry and liq-
uid fuels. https://www.fuelseurope.eu/uploads/medias/632c34f17baa2.pdf 

Geres, R., Kohn, A., Lenz, S. C., Ausfelder, F., Bazzanella, A., & Möller, A. (with FutureCamp Cli-
mate GmbH & DECHEMA, Gesellschaft für Chemische Technik und Biotechnologie). 
(2019). Roadmap Chemie 2050: Auf dem Weg zu einer treibhausgasneutralen chemi-
schen Industrie in Deutschland: eine Studie von DECHEMA und FutureCamp für den 
VCI. DECHEMA Gesellschaft für Chemische Technik und Biotechnologie e.V und Fu-
tureCamp Climate GmbH. https://www.vci.de/vci/downloads-vci/publikation/2019-
10-09-studie-roadmap-chemie-2050-treibhausgasneutralitaet.pdf 

Graf, A., Gagnebin, M., & Buck, M. (2023). Breaking free from fossil gasτA new path to a cli-
mate-neutral Europe. Agora Energiewende. https://static.agora-energie-
wende.de/fileadmin/Projekte/2021/2021_07_EU_GEXIT/A-EW_292_Brea-
king_free_WEB.pdf 

Greenpeace. (2019). Over 71% of EU farmland dedicated to meat and dairy, new research 
[Press Release]. Greenpeace European Unit. https://www.greenpeace.org/eu-unit/is-
sues/nature-food/1807/71-eu-farmland-meat-dairy/ 

Gregor, K., Reyer, C. P. O., Nagel, T. A., Mäkelä, A., Krause, A., Knoke, T., & Rammig, A. (2024). 
Reconciling the EU forest, biodiversity, and climate strategies. Global Change Biology, 
30(8), e17431. https://doi.org/10.1111/gcb.17431 

Hennenberg, K., Böttcher, H., Braungardt, S., Köhler, B., Reise, J., Köppen, S., Bischoff, M., Feh-
renbach, H., Pehnt, M., Werle, M., & Mantau, U. (2022). Aktuelle Nutzung und Förde-
rung der HolzenergieτTeilbericht zu den Projekten BioSINK und BioWISE. Umweltbun-
desamt. https://www.umweltbundesamt.de/sites/default/files/medien/479/publikati-
onen/cc_12-2022_aktuelle_nutzung_und_foerderung_der_holzenergie.pdf 

Hennenberg, K., Pfeiffer, M., Benndorf, A., Böttcher, H., Reise, J., Mantau, U., Köppen, S., Feh-
renbach, H., & Bürck, S. (2024). Auswirkungen der energetischen Nutzung forstlicher 
Biomasse in Deutschland auf deut-sche und internationale LULUCF-Senken (BioSINK) 
(p. 84). ifeu; INFRO; Öko-Institut e.V. https://www.umweltbundes-
amt.de/sites/default/files/medien/479/publikationen/cc_33-2024_biosink.pdf 

Hrbek, J. (2021). Gasification developments in Europe and the USA [Webinar]. IEA Bioenergy 
Task 33 webina. https://www.ieabioenergy.com/wp-content/uploads/2021/03/Hrbek-
Gasification-developments-in-Europe-USA.pdf 

IEA Bioenergy. (2024). Implementation of bioenergy in Denmark ς 2024 update Country Report. 
https://www.ieabioenergy.com/wp-content/uploads/2024/12/CountryRe-
port2024_Denmark_final.pdf 

IFPEN. (2024, January 26). IFPEN | Tableau de bord biocarburants 2023. IFPEN. 
https://www.ifpenergiesnouvelles.fr/article/tableau-bord-biocarburants-2023 

IPCC. (2019). 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inven-
toriesτChapter 12: Harvested Wood Products. https://www.ipcc-nggip.iges.or.jp/pub-
lic/2019rf/pdf/4_Volume4/19R_V4_Ch12_HarvestedWoodProducts.pdf 

IPCC. (2022). Chapter 7τAgriculture, Forestry and Other Land Uses (AFOLU). 



ifeu = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = 143 

ISO 14067. (2018). ISO 14067: TreibhausgaseτCarbon Footprint von ProduktenτAnforderun-
gen an und Leitlinien für Quantifizierung. 

Jong, E. de, Stichnothe, H., Bell, G., & Jørgensen, H. (2020). Bio-Based ChemicalsτA 2020 Up-
date. IEA Bioenergy. https://www.ieabioenergy.com/wp-content/up-
loads/2020/02/Bio-based-chemicals-a-2020-update-final-200213.pdf 

JRC. (2025, July 30). The European forest carbon sink is declining: Can we reverse the trend? - 
[News Announcement]. https://joint-research-centre.ec.europa.eu/jrc-news-and-up-
dates/european-forest-carbon-sink-declining-can-we-reverse-trend-2025-07-30_en 

Keenan, R. J. (2015). Climate change impacts and adaptation in forest management: A review. 
Annals of Forest Science, 72(2), 145ς167. https://doi.org/10.1007/s13595-014-0446-5 

Kilsedar, C., Girardi, J., Gerlach, H., & Mubareka, S. (2021). Implementation of the EU bioecon-
omy monitoring system dashboardsτStatus and technical description as of December 
2021. European Commission. https://data.europa.eu/doi/10.2760/691217 

YƻǊƻǎǳƻΣ !ΦΣ .ƻǊȊŀŎŎƘƛŜƭƭƻΣ aΦΣ DƛǳƴǘƻƭƛΣ WΦΣ [ŀǎŀǊǘŜ [ƻǇŜȊΣ WΦΣ aΩōŀǊŜƪΣ wΦΣ ϧ /ŀƳƛŀΣ !Φ όнлнпύΦ 
Trends in the EU bioeconomy: Update 2024. Publications Office. https://data.eu-
ropa.eu/doi/10.2760/0141556 

Kowalczewska, K., Aardenne, J. van, Iversen, P., & Petersen, J.-E. (2023). The European biomass 
puzzle: Challenges, opportunities and trade-offs around biomass production and use in 
the EU (EEA Report 08/2023). Publications Office. https://doi.org/10.2800/834565 

Kunttu, J., Hurmekoski, E., Zarkaliou, A., Tasios, N., Tsiropoulos, I., Lauri, P., & di Fulvio, F. 
(2024). Forest NavigatorτMarket scenarios for selected material uses of wood and bi-
oenergy in the EU. https://www.forestnavigator.eu/wp-content/uploads/FN_D-5.1_fi-
nal.pdf 

Latterini, F., Camarretta, N., & Watt, M. S. (2025). Remote sensing for planning harvesting op-
erations and monitoring their effects on the forest ecosystem: State of the art and fu-
ture perspectives. Forest Ecology and Management, 597, 123175. 
https://doi.org/10.1016/j.foreco.2025.123175 

Leavens, J., Malik, R., Subramanian, M., Choudhary, A., Welch, S., Tyagi, G. K., Duke, G., Dubey, 
N., Charitou, N., & Boati, G. (2025). S&P Global | Study on the potential evolution of 
Refining and Liquids Fuel production in Europe. Concawe. 
https://www.concawe.eu/wp-content/uploads/Study-on-the-potential-evolution-of-
Refining-and-Liquid-Fuels-production-in-Europe-.pdf 

Lindorfer, J., Zeilerbauer, L., & Hrbek, J. (2022). Technical, Economic and Environmental (TEE) 
Assessment of Integrated BiorefineriesτGasification based biorefinery case studies. 
IEA Bioenergy Task 42 & 33. https://task42.ieabioenergy.com/wp-content/up-
loads/sites/10/2022/10/IEA-Bioenergy_TEE_Gasification_Final.pdf 

Lipponen, K. (2013). Neste Oil uses tall oil pitch to produce traffic fuel. Neste Oil Corporation. 
https://neste.com/news/neste-oil-uses-tall-oil-pitch-to-produce-traffic-fuel 

Lorentz, B., Matthes, F., Trüby, J., & Mendelevitch, R. (2023). Natural Gas Demand Outlook to 
2050 (Sustainability & Climate). https://www.deloitte.com/content/dam/assets-
zone2/de/de/docs/about/2024/Natural_Gas_Demand_Out-
look_to_2050_Deloitte_%C3%96ko-Institut.pdf 

Lotze-Campen, H., Verburg, P. H., Popp, A., Lindner, M., Verkerk, P. J., Moiseyev, A., 
Schrammeijer, E., Helming, J., Tabeau, A., Schulp, C. J. E., Van Der Zanden, E. H., La-
valle, C., E Silva, F. B., Walz, A., & Bodirsky, B. (2018). A cross-scale impact assessment 
of European nature protection policies under contrasting future socio-economic path-
ways. Regional Environmental Change, 18(3), 751ς762. 
https://doi.org/10.1007/s10113-017-1167-8 



144 = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = ifeu  

  

 

Malins, C. (2020). Soy, land use change and ILUC-riskτA review. Cerulogy. https://www.trans-
portenvironment.org/uploads/files/2020_11_Study_Cerulogy_soy_and_deforesta-
tion.pdf 

Malins, C. (2023). The fat of the land. https://www.transportenvironment.org/up-
loads/files/Cerulogy_Fat-of-the-land_May_23_2024-04-29-153802_czqu.pdf 

Mason, W. L., Diaci, J., Carvalho, J., & Valkonen, S. (2022). Continuous cover forestry in Europe: 
Usage and the knowledge gaps and challenges to wider adoption. Forestry: An Interna-
tional Journal of Forest Research, 95(1), 1ς12. https://doi.org/10.1093/for-
estry/cpab038 

Material Economics. (2019). Industrial Transformation 2050 Pathways to Net-Zero Emissions 
from EU Heavy Industry. Material Economics. https://materialeconom-
ics.com/node/13 

Material Economics. (2021). EU Biomass use in a net-zero economy. A course correction for EU 
biomass. SITRA, VINNOVA, Energy Transitions Commission. 
https://www.sitra.fi/app/uploads/2021/06/material-economics-eu-biomass-use-in-a-
net-zero-economy.pdf 

Matthes, F., Heinemann, C., Ludig, S., & Cook, V. (2017). Renewables versus fossil fuels ς com-
paring the costs of electricity systems (118/06-A-2017/EN; p. 41). https://www.agora-
energiewende.de/fileadmin/Projekte/2016/Stromwelten_2050/Agora_Gesamtkosten-
Stromwelten-EN_WEB.pdf 

Mauser, H. (2021). Key questions on forests in the EU (Knowledge to Action, p. 33) [Knowledge 
to Action]. European Forest Institute. https://doi.org/10.36333/k2a04 

Migliavacca, M., Grassi, G., Bastos, A., Ceccherini, G., Ciais, P., Janssens-Maenhout, G., Lugato, 
E., Mahecha, M. D., Novick, K. A., Peñuelas, J., Pilli, R., Reichstein, M., Avitabile, V., 
.ŜŎƪΣ tΦ {Φ !ΦΣ .ŀǊǊŜŘƻΣ WΦ LΦΣ CƻǊȊƛŜǊƛΣ DΦΣ IŜǊƻƭŘΣ aΦΣ YƻǊƻǎǳƻΣ !ΦΣ aŀƴǎǳȅΣ bΦΣ Χ /Ŝǎπ
ŎŀǘǘƛΣ !Φ όнлнрύΦ {ŜŎǳǊƛƴƎ ǘƘŜ ŦƻǊŜǎǘ ŎŀǊōƻƴ ǎƛƴƪ ŦƻǊ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ ŎƭƛƳŀǘŜ ŀƳπ
bition. Nature, 643(8074), 1203ς1213. https://doi.org/10.1038/s41586-025-08967-3 

MITECO (Ed.). (2023, July). Estadística de biocarburantes. https://www.miteco.gob.es/con-
tent/dam/miteco/es/energia/files-1/biocarburantes/Documents/ESTADISTI-
CAS_BIOS_2022.xlsx 

Mohrenweiser, Dr. K., Rafalski, S., & Klüver, K. (n.d.). For green mobilityτMore from biomass. 
Verbio. Retrieved 17 October 2025, from https://www.verbio.de/en/green-solu-
tions/mobility/ 

MVV Energie AG. (2025a). About us. MVV Energie AG. https://www.mvv.de/en/about-us 

MVV Energie AG. (2025b). Informationen zum Rückzug aus dem Gasnetz. MVV Energie AG. 
https://www.mvv.de/informationen-zum-rueckzug-aus-dem-gasnetz 

Nabuurs, G.-J., Delacote, P., Ellison, D., Hanewinkel, M., Hetemäki, L., & Lindner, M. (2017). By 
2050 the Mitigation Effects of EU Forests Could Nearly Double through Climate Smart 
Forestry. Forests, 8(12), 484. https://doi.org/10.3390/f8120484 

Ochsenreither, K., Glück, C., Stressler, T., Fischer, L., Syldakt, C. (2016): Production Strategies 
and Applications of Microbial Single Cell Oils; Production Strategies and Applications 
of Microbial Single Cell Oils. Front. Microbiol. 7:1539. doi: 10.3389/fmicb.2016.01539 

hΩIŀǊŀΣ YΦ [ΦΣ ϧ wŀƳŀƎŜΣ .Φ {Φ όнлмоύΦ {ƛƭǾƛŎǳƭǘǳǊŜ ƛƴ ŀƴ ǳƴŎŜǊǘŀƛƴ ǿƻǊƭŘΥ ¦ǘƛƭƛȊƛƴƎ Ƴǳƭǘƛ-aged 
management systems to integrate disturbance. Forestry, 86(4), 401ς410. 
https://doi.org/10.1093/forestry/cpt012 

tŀǘŀŎŎŀΣ aΦΣ [ƛƴŘƴŜǊΣ aΦΣ [ǳŎŀǎπ.ƻǊƧŀΣ aΦ 9ΦΣ /ƻǊŘƻƴƴƛŜǊΣ ¢ΦΣ CƛŘŜƧΣ DΦΣ DŀǊŘƛƴŜǊΣ .ΦΣ IŀǳŦΣ ¸ΦΣ 
WŀǎƛƴŜǾƛőƛǳǎΣ DΦΣ [ŀōƻƴƴŜΣ {ΦΣ [ƛƴƪŜǾƛőƛǳǎΣ 9ΦΣ aŀƘƴƪŜƴΣ aΦΣ aƛƭŀƴƻǾƛŎΣ {ΦΣ bŀōǳǳǊǎΣ DΦΣ 
bŀƎŜƭΣ ¢Φ !ΦΣ bƛƪƛƴƳŀŀΣ [ΦΣ tŀƴȅŀǘƻǾΣ aΦΣ .ŜǊŎŀƪΣ wΦΣ {ŜƛŘƭΣ wΦΣ hǎǘǊƻƎƻǾƛŏ {ŜǾŜǊΣ aΦ ½ΦΣ Χ 



ifeu = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = 145 

Schelhaas, M. (2023). Significant increase in natural disturbance impacts on European 
forests since 1950. Global Change Biology, 29(5), 1359ς1376. 
https://doi.org/10.1111/gcb.16531 

tƘƛƭƛǇǇƛŘƛǎΣ DΦΣ #ƭǾŀǊŜȊΣ wΦ ·ΦΣ 5ƛ [ǳŎƛŀΣ [ΦΣ IŜǊƳƻǎƻΣ IΦ DΦΣ aŀǊǘƛƴŜȊΣ !Φ DΦΣ aΩōŀǊŜƪΣ wΦΣ aƻƛπ
seyev, A., Panoutsou, C., Itoiz, E. S., Sturm, V., Van Leeuwen, M., Van Zeist, W.-J., & 
Verkerk, P. J. (2024). The development of bio-based industry in the European Union: A 
prospective integrated modelling assessment. Ecological Economics, 219, 108156. 
https://doi.org/10.1016/j.ecolecon.2024.108156 

Pietzsch, J. (2020). Bioeconomy for Beginners (1st ed.). Springer Berlin, Heidelberg. 
https://link.springer.com/book/10.1007/978-3-662-60390-1 

Prasetyo, W. D., Putra, Z. A., Bilad, M. R., Mahlia, T. M. I., Wibisono, Y., Nordin, N. A. H., & Wir-
zal, M. D. H. (2020). Insight into the Sustainable Integration of Bio- and Petroleum Re-
fineries for the Production of Fuels and Chemicals. Polymers, 12(5), 1091. 
https://doi.org/10.3390/polym12051091 

Pulla, P., Schuck, A., Verkerk, P. J., Lasserre, B., Marchetti, M., & Green, T. (2013). Mapping the 
distribution of forest ownership in Europe. https://efi.int/sites/default/files/files/publi-
cation-bank/2018/tr_88.pdf 

Rautio, P., Routa, J., Huuskonen, S., Holmström, E., Cedergren, J., & Kühne, C. (Eds.). (2025). 
Continuous Cover Forestry in Boreal Nordic Countries (1st ed. 2025). Springer Nature 
Switzerland. https://doi.org/10.1007/978-3-031-70484-0 

Rensberg, N., Denysenko, V., & Daniel-Gromke, J. (2023). Biogaserzeugung und -nutzung in 
Deutschland: Report zum Anlagenbestand Biogas und Biomethan (p. VII, 9-122 pages). 
DBFZ Deutsches Biomasseforschungszentrum gemeinnützige GmbH. 
https://www.dbfz.de/fileadmin/user_upload/Referenzen/DBFZ_Reports/DBFZ_Re-
port_50.pdf 

Reyer, C. P. O., Bathgate, S., Blennow, K., Borges, J. G., Bugmann, H., Delzon, S., Faias, S. P., 
Garcia-Gonzalo, J., Gardiner, B., Gonzalez-Olabarria, J. R., Gracia, C., Hernández, J. G., 
Kellomäki, S., Kramer, K., Lexer, M. J., Lindner, M., Van Der Maaten, E., Maroschek, M., 
aǳȅǎΣ .ΦΣ Χ Hanewinkel, M. (2017). Are forest disturbances amplifying or canceling 
out climate change-induced productivity changes in European forests? Environmental 
Research Letters, 12(3), 034027. https://doi.org/10.1088/1748-9326/aa5ef1 

Richardson, K., Steffen, W., Lucht, W., Bendtsen, J., Cornell, S. E., Donges, J. F., Drüke, M., Fet-
zer, I., Bala, G., von Bloh, W., Feulner, G., Fiedler, S., Gerten, D., Gleeson, T., Hofmann, 
M., Huiskamp, W., Kummu, M., Mohan, C., Nogués-Bravo, 5ΦΣ Χ Rockström, J. (2023). 
Earth beyond six of nine planetary boundaries. Science Advances, 9(37), eadh2458. 
https://doi.org/10.1126/sciadv.adh2458 

Scarlat, N., Fahl, F., Dallemand, J.-F., Monforti, F., & Motola, V. (2018). A spatial analysis of bio-
gas potential from manure in Europe. https://reader.else-
vier.com/reader/sd/pii/S1364032118304714?to-
ken=FAEEA941468504D0F269324B0FFD42A9B14C5AC4B46F94C611C81A67C3EB39EB
F4C77D54D84CA7F02A2067229289CB1C&originRegion=eu-west-1&originCrea-
tion=20220503101916 

SDES. (2025a). /ƘƛŦŦǊŜǎ ŎƭŞǎ ŘŜ ƭΩŞƴŜǊƎƛŜτÉdition 2025 (p. 96). Service des données et études 
statistiques. https://www.statistiques.developpement-durable.gouv.fr/edition-nu-
merique/chiffres-cles-energie/pdf/Chiffres-cles-energie-2024.pdf 

SDES. (2025b). Chiffres clés des énergies renouvelablesτÉdition 2025. Chiffres clés des énergies 
renouvelables 2025. https://www.statistiques.developpement-durable.gouv.fr/edi-
tion-numerique/2025/chiffres-cles-energies-renouvelables-2025/fr/ 



146 = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = ifeu  

  

 

Seidl, R., Schelhaas, M.-J., Rammer, W., & Verkerk, P. J. (2014). Increasing forest disturbances in 
Europe and their impact on carbon storage. Nature Climate Change, 4(9), 806ς810. 
https://doi.org/10.1038/nclimate2318 

Seidl, R., & Senf, C. (2024). Changes in planned and unplanned canopy openings are linked in 
9ǳǊƻǇŜΩǎ ŦƻǊŜǎǘǎΦ Nature Communications, 15(1), 4741. 
https://doi.org/10.1038/s41467-024-49116-0 

Soimakallio, S., Böttcher, H., Niemi, J., Mosley, F., Turunen, S., Hennenberg, K., Reise, J., & Feh-
renbach, H. (2022). Closing an Open Balance: The Impact of Increased Roundwood 
Harvest on Forest Carbon. https://doi.org/doi/10.1111/gcbb.12981 

Spekreijse, J., Lammens, T., Parisi, C., Ronzon, T., & Vis, M. (2019). Insights into the European 
market for bio-based chemicals (No. JRC112989). https://publications.jrc.ec.eu-
ropa.eu/repository/handle/JRC112989 

Suzan, S. (2023). Biofuels: From unsustainable crops to dubious waste? Transport & Environ-
ment. https://www.transportenvironment.org/uploads/files/202312_TE_biofuels_up-
date_report_clean-1-1.pdf 

Transport & Environment. (2021). Advanced renewable fuels in EU Transport. Evaluation of a 
realistic target for the upcoming RED review. https://www.transportenviron-
ment.org/uploads/files/202103_Advanced_renewable_fuels_EU_Transport_Final.pdf 

Transport & Environment. (2025). Palm oil in disguise? How recent import trends of palm resi-
dues raise concerns over a key feedstock for biofuels (p. 16). https://www.transporten-
vironment.org/uploads/files/202504_POME_fraud_Report.pdf 

Trypolska, G. (2023). Policies to stimulate the output and employment effects of bioenergy re-
sources in Poland and Ukraine. Polityka Energetyczna ς Energy Policy Journal, 26(4), 
99ς128. https://doi.org/10.33223/epj/169744 

UBA. (2012). Glossar zum Ressourcenschutz. https://www.umweltbundes-
amt.de/sites/default/files/medien/publikation/long/4242.pdf 

UNECE. (2020). Who Owns our Forests? Forest Ownership in the ECE Region. United Nations. 
https://doi.org/10.18356/7dc640e2-en 

UNECE/FAO. (2022). Forest productsτAnnual Market Review 2021-2022 (52). 
https://unece.org/sites/default/files/2023-02/2228765E_Inside_final_signa_red.pdf 

United Nations. (2023). National Inventory Submissions 2023 | UNFCCC. https://unfccc.int/ghg-
inventories-annex-i-parties/2023 

VDI. (2018). RessourceneffizienzτBewertung des RohstoffaufwandsτResource efficiencyτ
Evaluation of raw material demand (VDI 4800 Blatt 2-). https://www.vdi.de/richt-
linien/details/vdi-4800-blatt-2-ressourceneffizienz-bewertung-des-rohstoffaufwands 

Verkerk, P. J., Mavsar, R., Giergiczny, M., Lindner, M., Edwards, D., & Schelhaas, M. J. (2014). 
Assessing impacts of intensified biomass production and biodiversity protection on 
ecosystem services provided by European forests. Ecosystem Services, 9, 155ς165. 
https://doi.org/10.1016/j.ecoser.2014.06.004 

Willett, W., Rockström, J., Loken, B., Springmann, M., Lang, T., Vermeulen, S., Garnett, T., Til-
man, D., DeClerck, F., Wood, A., Jonell, M., Clark, M., Gordon, L. J., Fanzo, J., Hawkes, 
/ΦΣ ½ǳǊŀȅƪΣ wΦΣ wƛǾŜǊŀΣ WΦ !ΦΣ 5Ŝ ±ǊƛŜǎΣ ²ΦΣ aŀƧŜƭŜ {ƛōŀƴŘŀΣ [ΦΣ Χ aǳǊǊŀȅΣ /Φ WΦ [Φ όнлмфύΦ 
Food in the Anthropocene: The EATςLancet Commission on healthy diets from sustain-
able food systems. The Lancet, 393(10170), 447ς492. https://doi.org/10.1016/S0140-
6736(18)31788-4 

Wohlgemuth, T., Bürgi, M., Scheidegger, C., & Schütz, M. (2002). Dominance reduction of spe-
cies through disturbanceτA proposed management principle for central European 



ifeu = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = 147 

forests. Forest Ecology and Management, 166(1ς3), 1ς15. 
https://doi.org/10.1016/S0378-1127(01)00662-4 

Wouters, C., Buseman, M., van Tilburg, J., Berg, T., Cihlar, J., Villar Lejarrta, A., Jens, J., Wang, 
A., Peters, D., & van der Leun, K. (2020). Market state and trends in renewable and 
low-carbon gases in Europe. Guidehouse. https://gasforclimate2050.eu/wp-con-
tent/uploads/2020/12/Gas-for-Climate-Market-State-and-Trends-report-2020.pdf 

WRI, & WBCSD. (2011). Greenhouse gas protocol: Product life cycle accounting and reporting 
standard. World Resources IƴǎǘƛǘǳǘŜ Τ ²ƻǊƭŘ .ǳǎƛƴŜǎǎ /ƻǳƴŎƛƭ ŦƻǊ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇπ
ment. https://ghgprotocol.org/sites/default/files/standards/Product-Life-Cycle-Ac-
counting-Reporting-Standard_041613.pdf 

Zimmermann, K., Schuetz, T., Weimar, H., & Dieter, M. (2021). Exploring controls of timber 
stock residence times in storage after severe storm events. European Journal of Forest 
Research, 140(1), 37ς50. https://doi.org/10.1007/s10342-020-01310-7 

  



148 = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = ifeu  

  

 

ANNEX 1: In-depth analysis 

9 Forestry 

10 Biogas 

11 Organic chemicals 

12 Transport fuel 



ifeu = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = 149 

9 Forestry 

Wood or woody biomass production from forests, its subsequent harvest, processing and 
use depends on many general and local factors that will be reviewed in this section to give 
some insights into the current context and future developments.  

9.1 Supply of forest wood  

9.1.1 Analysis of various influencing factors on forest wood supply 

Biomass production depends mainly on forest stands, type of forest, forest management 
practices, the harvesting rate and the impacts of climate. Almost all Member States are en-
dowed with forests. However, these forests differ in terms of productivity, downstream in-
dustry, ownership, management practices and more. This section will give an overview of 
forest types and management practices in the EU, the structure of forest ownership, trade 

trends within the EU and their impact on forest wood supply. 

9.1.1.1 Regional differences in forest management 

As highlighted in the Agora report, forests types and management practices vary signifi-
cantly between Member States (MS) (Agora Agriculture, 2024). These differences are ana-
lysed by dividing the EU into regions: North EU, Central-West EU, Central-East EU, South-
West EU, South-East EU. We find that the forest area per capita is generally largest in the 
North, while the timber stock is largest in the temperate forests of Central West and East. 
Both forest wood supply potential and wood consumed for energy are highest in Central-
West EU and North and lowest in the South-East, as shown in Table 29 (Forest Europe, 2020).  

Table 29: Basic forest information, EU regions, 2020. 

 North Central-
West 

Central- 
East 

South- 
West 

South- 
East 

Forest area per capita (ha/capita) 2.16 0.15 0.31 0.27 0.33 

Growing stock (m3/ha/year) 129 242 254 60 116 

Forest available for wood supply (% of growing stock) 83 96 78 88 71 

Wood energy consumption (Mt/year) 50.7 72.7 5.6 - 4.3 

Wood energy consumption (t/capita/year) 1.8 0.3 0.51 0.45 0.5 

Source: compilation based on (Forest Europe, 2020) 
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It must be emphasised that the data in Table 29 refer to the year 2015 and therefore do not 
provide an up-to-date picture. More recent data are not available in this format. However, 
it can be assumed that the use of wood for energy purposes has increased in many coun-
tries. In particular in South-East the share of fuel has strongly increased during the last years 
(Eurostat, 2025a). 

Despite this regional diversity, certain economically valuable species, such as Norway 
Spruce, have been planted far outside their natural species range and can be found through-
out the EU. Ongoing climate change will either reduce or expand the area in which species 
can grow and compete for environmental resources. Forest growth may be constrained by 
an increase in natural disturbances such as droughts, storms, pest and insect outbreaks. At 
the same time rising temperatures will force species ranges to move towards the North and 
upwards in altitude (Verkerk et al. 2022).  

Forest management systems vary based on the objectives of the forest owner. Conventional 
rotational forest management (RFM), or even-aged forests with clear-cutting, is applied in 
almost all parts of the EU, as shown by the Forest Information System of Europe of the Eu-
ropean Environment Agency (EEA 2025). It supports the joint-production of small round-
wood (thinning or pulpwood) and stems. Young trees cut down at the early stage of regen-
eration, and small-diameter stem wood which do not qualify as sawlogs can be chipped and 
used for fibre or wood-based panels. Other management types, often grouped under the 
term continuous cover forestry (CCF) can focus on irregular cutting, single stem and group 
selection. These approaches are less common, but they are being promoted in many coun-
tries. The percentage of forest area where CCF is applied is smallest in the North, and largest 
in the South (Figure 29).  

In fact, single-tree logging is also widely established in Germany and Austria, since clear-
cutting poses a high risk to settlements and populations in densely populated mountainous 
regions. (Böhling, 2024). 

Figure 29:  Tree species distribution in Europe (left) and percentage of continuous cover forestry (CCF) (right)  

  

Source: left: (Brus et al., 2012), right: (Mason et al., 2022) 
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The resulting quantity, size and quality of wood produced by these different management 
types varies based on the site, stand density and structure. A comparison of CCF as com-
pared to clearcutting in terms of wood production is therefore not straightforward. Results 
in studies on boreal forests tend to show that productivity is higher in clearcutting systems, 
but if the lower stand density in CCF systems is accounted for, then productivity may be 

similar (Rautio et al., 2025). 

9.1.1.2 Impact by disturbances 

There is often a connection between disturbance activity and forest management regimes. 
For example, trees that are located at the edge of clear-cuts are prone to windfalls. Even if 
good forest management can minimize the probability, countries can expect to have a cer-
tain level of disturbance-induced mortality. Implementing adaptation measures such as ac-
tive planting, changing forest structure, assisted migration, and other silvicultural measures 
such as thinning can help prevent and reduce the occurrence of disturbances (European 
Commission, n.d.). Countries are also in the process of building capacity to prevent, control 
and respond to disturbance activity όhΩIŀǊŀ ϧ wŀƳŀƎŜΣ нлмоύ. This will help to clarify tasks 
and improve capacity related to the four phases of forest crisis management: preparedness, 
prevention, response, and recovery (EFI, 2020). 

As can be seen in Figure 30, forests in different regions of Europe are sensitive to calamities 
in different ways (Forzieri et al., 2020). Vulnerability to windthrow is higher in Norway, the 
northern British Isles, Portugal and southern Europe, and especially in mountainous regions 
(Alps and Carpathians) where it can reach up to 40%. In contrast, forests in southern Sweden 
and Poland show lower vulnerability, having already reduced the biomass of more suscep-
tible forests. Vulnerability to fires appears to be higher in Sweden, Finland, the European 
part of Russia, the south of the Iberian Peninsula and Turkey. There, the potential relative 
biomass loss (PBLrel) locally exceeds 35%, while forests in humid climates such as Central 
Europe and mountain regions generally have lower values. Vulnerability to insect infestation 
generally increases from south to north and from low to high altitude regions, with PBLrel 
reaching up to 30%. 

A more recent study concludes a significant increase in forest disturbance in 34 European 
countries, resulting in an average of 43.8 Mm3 of disturbed timber per year over the 70-year 
study period. As a mean value over the last 20 years 16% of harvest resulted from disturb-
ances, (Patacca et al., 2023). 

It is to be assumed that large-scale disturbances  will reduce growth and increase losses of 
timber (Reyer et al., 2017). Measures to prevent or control disturbance agents must be 
taken to improve ecosystem stability όhΩIŀǊŀ ϧ wŀƳŀƎŜΣ нлмоύ. Since the year 1950, dis-
turbance damage has amounted to around 52 Mm3 per year (Patacca et al., 2023), and it is 
estimated to increase to around 75 Mm3 in 2021-2030 (Seidl et al., 2014). In practice, adap-
tation measures could entail focusing on areas that have suffered from disturbances, for 
example reducing the dominance of vulnerable species (Wohlgemuth et al., 2002), increas-
ing species diversity, and ensuring the presence of regenerating trees (Keenan, 2015). 
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Figure 30: Vulnerability of European forests to fire, wind and insect outbreaks measured by potential relative biomass loss (PBLrel). 

  

PBLrel: potential relative biomass loss  

Source: (Forzieri et al., 2020) 

9.1.1.3 Forest ownership and intra-trade 

Forest sector actors, including Forest owners, companies, business associations, and forest 
owner cooperatives, make up a highly fragmented network. Forest ownership and legisla-
tion affect decision making and therefore also the forest available for wood supply. Due to 
historical circumstances, around 60% of EU forests are privately owned (e.g., individuals, 
companies, other organisations), and 40% publicly owned (e.g., governments, regions or 
municipalities). Private ownership is more common in the North, while most forests are 
publicly owned in the South East (Mauser, 2021), see also Figure 31. The fragmentation of 
forest ownership often leads to inefficiencies, which can be tackled by management initia-
tives and advisory service, such as forext.eu (Eurostat, 2024b), or forest owners coopera-
tives (e.g. Sweden). A more recent analysis of the forest ownership in Europe is given by 
(UNECE, 2020). 
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Figure 31: Forest ownership in EU in 2013 

 

Source: https://efi.int/forestquestions/q2_en; referring to (Pulla et al., 2013)   

The size, quality and use of the growing stock also vary across regions. The flow of materials 
from the forest to processing sites is difficult to trace, but typically, woody biomass is not 
transported far. Statistics show that trade of roundwood within the EU happens within 100 
km and with neighbouring countries, i.e., those within the same region (Table 30).  

Table 30:  Trade balance of EU regions in million cubic meters (Mm3) roundwood, 2023. 
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North EU 7.04 1.15 0.42 0.00 0.00 8.61 

Central-West EU 1.07 8.84 10.18 0.63 0.43 21.15 

Central-East EU 0.67 1.83 7.31 0.01 0.08 9.9 

South-West EU 0.07 1.25 0.31 1.42 0.64 3.69 

South-East EU 0.06 0.28 0.20 0.08 0.27 0.89 
 Total 8.91 13.35 18.41 2.14 1.43 44.2 

North EU Volume of trade balance: Â 0           Â >0-0.3      Â >0.3-1.5      Â >1.5 -10       Â >10 

Source: Own compilation by SYKE, based on UN COMTRADE 

https://efi.int/forestquestions/q2_en
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9.1.1.4 Impacts of forest management and climate change on wood supply  

According to an evaluation of various impact assessments by the EU Commission31 con-
ducted by Böttcher & Fallasch (2024), removals achieved through forest management 
amount to - around -320 Mt CO2eq per year over 2030-2050. This estimate is highly uncer-
tain, as the development of the sink32 depends on future forest growth, biomass losses and 
many other factors. Importantly, the LULUCF sink targets are binding until 2030 and must 
negotiated after. Recent greenhouse gas (GHG) inventories show that the EU forest sink has 
been deteriorating rapidly over the last ten years (Eurostat, 2024b). The average forest sink 
was estimated at -456.9 Mt CO2eq per year over 2010-2014, -374.9Mt CO2eq per year over 
2015-2019, and -332.6 Mt CO2eq per year over 2020-2022. It means a 27% decline in the 
average sink between 2010-2014 and 2020-2022, which got even worse in the last few years 
(JRC, 2025; Migliavacca et al., 2025). 

By combining different management activities, incl. a temporary reduction of timber har-
vest, forest adaptation, and significant afforestation, the Agora scenario estimates that a 
net sink of 290 Mt CO2eq (similar to 2020 levels) could be maintained, depending on climate 
change impacts while keeping roundwood supply at 2020 levels on average (490 Mm3).  

In the next sections, we look more closely at different management strategies and activities 
that can help sustain and increase the EU-27 forest sink and biomass supply. These include 
increased rotation lengths, provenance selection and disturbance management. Moreover, 
safeguarding and protecting regrowth of stocks, prevention of deforestation, and more at-

tention for forest restoration will increase forest resilience.  

The prevention of tree cover loss can increase the carbon sink in target years, but typically 
has adverse effects on wood supply by restricting harvesting (Verkerk et al., 2014). Protec-
tion could be achieved through conservation, for example by establishing forest reserves, 
by preventing the degradation of forests, for example via the demand-side (certification or 
demand reduction) (IPCC, 2022). Protection could also mean preventing deforestation, 
which is highly relevant in the EU-27 where around 0,044 Mha is annually cleared for settle-
ments (average 2018-2021), causing 13 Mt CO2eq per year in emissions (United Nations, 
2023). Multiple studies have estimated what potential effects protection could have on the 
forest sink and wood supply. Implementing different interpretations of strict protection for 
reaching EU Biodiversity Strategy (EUBDS) goals could mean having to choose between 
maintaining harvest levels or reaching sink targets (Gregor et al., 2024). Lotze-Campen et al. 
(2018) find that creating reserves for EUBDS reduces harvesting by 45-73 Mm3 by 2040. The 
sink benefits of creating reserves depends on the scenario but are typically in the range of 

50-100 Mt CO2eq per year (Lotze-Campen et al., 2018; Nabuurs et al., 2017). 

As mentioned above, active measures can help bring enhanced tree growth and climate 
benefits that would not otherwise have been achieved in managed forests (IPCC, 2022). 

ςςςςςςςςςςςςςςςς 
31 e.g.: Commission Staff Working Documents: Impact Assessment Reports accompanying the proposals for: 
Regulation on the inclusion of greenhouse gas emissions and removals from land use, land use change and 
forestry into the 2030 climate and energy framework and amending Regulation No 525/2013;  
Regulation of the European Parliament and of the Council establishing a Union certification framework for 
carbon removals COM(2022) 672 final, SEC(2022) 423 final, SWD(2022) 377 final;  
Regulation of the European Parliament and the Council amending Regulations (EU) 2018/841 as regards 
the scope, simplifying the compliance rules, setting out the targets of the Member States for 2030 and 
committing to the collective achievement of climate neutrality by 2035 in the land use, forestry and agri-
culture sector, and (EU) 2018/1999 as regards improvement in monitoring, reporting, tracking of progress 
and review (SWD(2021) 609 final). 
32 Definition see footnote 10 
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Changes to management may increase resilience to disturbance risks, mainly by preventing 
losses and/or optimizing for specific ecosystem services.  

The Agora scenario (Agora Agriculture, 2024) estimates that between 2025 and 2050, large-
scale adaptation of forest stands to prevent climate-change induced disturbances in EU-27 
could increase merchantable wood supply by 25-100 Mm3 per year, corresponding to 56 to 
220 TWh. This approach and the estimated range are generally in line with the scientific 
literature. A previous study finds that applying adaptation measures that increase growth 
on 70 Mha could increase supply of an additional 35 Mm3 (Nabuurs et al., 2017). The imple-
mentation of adaptation measures should target locations which are increasingly affected 
(Seidl & Senf, 2024) in order to develop resilient forests (Cantarello et al., 2024).  

Overall, swift actions are required to halt the deterioration of the forest carbon sink and 
improve it, while making forest resilient and keeping a minimum productivity level. At the 
same time, uncertainties regarding the levels of salvage loggings, the effects of adaptation 
programmes and the evolution of the forest sink remain high moving forward. 

9.1.2 Basic dateline for the Agora climate neutral biomass scenario regarding 
forest wood supply 

9.1.2.1 Current situation 

Taking into account the preceding analyses, the central task of this study at this point is to 
establish a volume structure for forest wood that does justice to the granularity of the Agora 
climate-neutral biomass scenario and that allows for a consistent picture of supply and con-
sumption today and in the projection up to 2050. 

According to Eurostat data (n.d.), between 550 and 560 Mm3 of wood (including bark) was 
removed from EU27 forests each year between 2019 and 2022. The Annual Wood Resource 
Balance (WRB) published by JRC show extractions up to 474 Mm3 (N. Cazzaniga et al., 2019). 
Unfortunately, these reports are not continued after 2017. However, they allow a distinct 
view on gross use categories, such as round wood for sawing, industry and fuel wood as well 
as data for net imports. The forest part of the Agora study refers to that source and pro-
jected a baseline for 2020. According to Avitabile et al. (2023), the EU's roundwood produc-
ǘƛƻƴ Ƨǳǎǘ ŎƻǾŜǊǎ ур҈ ƻŦ ǘƘŜ 9¦Ωǎ ǊƻǳƴŘ ǿƻƻŘ ǎǳǇǇƭȅΦ A small share of 2.2% is provided by net 
imports. ¢ƘǳǎΣ ǘƘŜ ƎŀǇ ƛǎ ŜȄǇƭŀƛƴŜŘ ōȅ άǳƴǊŜǇƻǊǘŜŘ origins from where the wood was re-
moved or imported were unknown and not included in the official Joint Forest Sector Ques-
tionnaire that was used to collect data on the use of woody biomass in energy sectorέ (Avi-
tabile et al., 2023).  

Thus, uncertainties in the figures are not insignificant in view of the different data. Based on 
Eurostat data (2024b), wood extraction is around 10% higher, which would result in approx-
imately 1,420 TWh. Avitabile et al. (2023) confirme such uncertainties, when concluding that 
the applied removal values are likely underestimated by up to 13%, mostly because of the 
lack of data reported for the fuelwood sector. 

The wood removed (generally referred to as roundwood) accounts for around 80% of the 
biomass produced when trees are felled (Camia et al., 2021). The remainder is referred to 
as forest residue, which usually fulfils various functions for soil maintenance and biodiversity 
conservation (especially coarse deadwood) and contributes to the carbon flux as residual 
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deadwood in the forests. This residual forest wood is often brought into the discussion as 
available biomass potential, especially as energy wood. However, its removal counteracts 

the aforementioned ecosystem benefits. 

While wood balances are mostly expressed in volumetric units (m3 or Mm3), the Agora sce-
nario is expressed in energy units (TWh). This requires a uniform and consistent conversion. 
The applied conversion factor is 2.55 MWh/m3,33 representing a reliable average of ranges 
given by wood species and final moisture content. Table 31 gives the baseline data from 
Eurostat in thousand m3 and the conversion in TWh per year, referring to the year 2020.  
They are set against the estimations by this study based on Avitabile et al. (2023), (Camia et 
al., 2021) forming the baseline for the scenario given by (Agora Agriculture, 2024). According 
to Eurostat, the baseline is 573.5 Mm³ (converted to 1,455 TWh). However, the baseline 
with reference to Cazzaniga et al. (2022) is calculated at 647 Mm³ (converted to 1.652 TWh), 
taking into account the trend development until 2020. 

The differences between the figures can be explained as follows: while there is a very good 
match in terms of industrial roundwood removals, the amount of wood energy directly used 
in the basis for this study is significantly higher. This is due to the gap in the Eurostat figures 
mentioned above. The withdrawals associated with this gap are attributable to energy use. 
The high proportion of wood used for heating in private households is covered by this. Over-
all, the classification according to Eurostat data is difficult to transfer to actual uses and can 
lead to misunderstandings. This is because the actual amount of forest wood used for en-
ergy is higher than the 720 TWh listed in Table 31, which only describes direct energy use. 
Ultimately, the use of by-products from processing (sawdust, by-products from the paper 
industry such as black liquor) must also be taken into account. Of the 932 TWh of industrial 
roundwood listed, only a portion is finally used for material purposes. However, this only 

becomes apparent when considering the processing chain, which is driven by demand. 

With regard to the differentiation between softwood (conifer) and hardwood (non-conifer), 
this study (see Table 31, third column) draws on the following sources: For the total of 
roundwood production in the EU27: Eurostat34, for the differentiation in sawnwood: 
(UNECE/FAO, 2022), (FAO 2022).  

Moreover, the material flow of the wood market is closely interwoven with waste flows and 
is often not broken down in a very differentiated manner. As mentioned above, sawmill by-
products are initially a component of the round timber removed from the forest and only 
accumulate when it is processed into sawn wood. The term industrial waste wood can be 
confused with post-consumer waste such as waste wood or wastepaper, both conceptually 
and in terms of accounting. The same applies to other relevant process waste such as black 
liquor. 

  

ςςςςςςςςςςςςςςςς 
33 With 2.24 MWh/m3 for coniferous wood (softwood) and 3.16 MWh/m3 for non-coniferous wood (hard-
wood) 
34 https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Wood_products_-_produc-
tion_and_trade  

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Wood_products_-_production_and_trade
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Wood_products_-_production_and_trade
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Table 31: Forest wood supply in the EU 27 in 2020 

 Eurostat trend progression a) Supply this study b) 

Supply thousand m3 TWh TWh TWh 

PRODUCTION EU_27  

Industrial roundwood removals (conifer) 293,951 660 697 
932 

Industrial roundwood removals (non-conifer) 81,677 258 235 

Fuel wood removals (conifer) 33,632 75 426 
720 

Fuelwood removals (non-conifer) 82,582 261 294 

Bark 69,612 170   

Total roundwood removals (conifer) 327,583 735   

Total roundwood removals (non-conifer) 164,259 519   

Total production (over bark)  561,453 1,424  1,650 

NET IMPORT EU_27  

Industrial roundwood (conifer) 7,355 30   

Industrial roundwood (non-conifer) 4,298    

Fuel wood 400 1.3   

Total net imports 12,053 31.3   

Total overall  573,506 1,455  1,650 

Source: a) Eurostat data (n.d.), (N. Cazzaniga et al., 2019); b) by (Agora Agriculture, 2024) with reference 

to (Material Economics, 2021), (N. E. Cazzaniga et al., 2022) 

9.1.2.2 Forest wood supply for the ABS up to 2050  

The Agora scenario, as defined by (Agora Agriculture, 2024), includes three fundamental 
elements concerning forest management in order to increase the resilience and strengthen 
the carbon sink of forests: 

1. Adapting forests towards resilient stands:   
Up to one third of the EU forest area (around 55 million hectares) would require ad-
aptation measures to counter the effects of climate change; the scenario assumes that 
the envisaged adaptation will be completed on half of this area by 2050 for the EU. 
This means that about 1.3 million hectares per year will undergo adaptation 
measures. Depending on the degree and pace of adaptation measures, the related 
harvest potential is evaluated at around 25 to 100 Mm3 per year.  

2. Delaying the harvest in targeted forest areas;   
This means that overall, wood harvest will be decreased by 10% annually, due to 
adapted forest management, favouring carbon sequestration and biodiversity func-
tions. The 490 Mm3 of harvested forest wood (including bark, corresponding to an 
energy content of 1,285 TWh) calculated by the Agora scenario for 2020 based on FAO 
and Eurostat data is thus reduced to approximately 440 Mm3 (corresponding to an 
energy content of 1,160 TWh).  
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3. Increasing active afforestation;   
The forest area is projected to increase by 5 million hectares from 160 million hectares 
in 2020 to 165 million hectares on agricultural land by 2050 at the latest. These newly 
developed forest areas will contribute to the growth of stored carbon and later to 
wood supply from 2050 onwards. Thus, they do not yet increase the wood supply 

within the timescale of the scenario.  

Implementing these three elements, starting from the current supply situation (see section 
9.1.2.1), leads to the development of timber supply until 2050 shown in Figure 32. It will 
also depend on the volumes of salvage loggings due to climate disturbances and felling as 
part of adaptation programmes, thus compensating the 10% harvest rate reduction in cer-
tain years.  

With reference to (Agora Agriculture, 2024), the Agora climate-neutral biomass scenario 
combines the production of additional woody biomass outside forests, in the form of agro-
ŦƻǊŜǎǘǊȅ ƻƴ ŀǊŀōƭŜ ƭŀƴŘΣ Ψǘƻ ōŀƭŀƴŎŜ ǘƘŜ ƛƴŎǊŜŀǎƛƴƎ ŘŜƳŀƴŘ ƻŦ ǿƻƻŘȅ ōƛƻƳŀǎǎ ǿƛǘƘ ŎƭƛƳŀǘŜ 
change mitigation, adaptation and biodiversity protecǘƛƻƴΩ ό!ƎƻǊŀ !ƎǊƛŎǳƭǘǳǊŜ нлнпΣ ǇΦ момύΦ  

Figure 32:  Forest biomass supply based on key figures by the Agora scenario, with higher granularity by ifeu assumption, in the 

EU-27 (2020-2050) 

 

Source: Compilation by ifeu based on (Agora Agriculture, 2024), (Avitabile et al., 2023) and other studies; 

illustration: ifeu 
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9.2 Demand for forest wood 

9.2.1 Analysis of influencing factors on the demand for timber and fibre 

EU-27 forest-based industries consume more 500 Mm3 roundwood every year. Around 30% 
ends up in timber products (sawn wood or wood-based panels) and 15% in fibre products 
(pulp and paper) (Avitabile et al., 2023; Kowalczewska et al., 2023). Because of the inte-
grated processes and characteristics of wood material, large amounts of by-products are 
generated at different stages of the value chain and recycled or used for energy. Around 
20% of harvested wood is used directly as fuel, and when accounting for secondary residues, 
around half of all harvested wood is used for energy (Figure 33). In the European Commis-
ǎƛƻƴΩǎ ǎŎŜƴŀǊƛƻǎΣ ǘƘŜ ŜƴŜǊƎȅ ǳǎŜ ƻŦ ǎŜŎƻƴŘŀǊȅ ǊŜǎƛŘǳŜǎ ǊŜƳŀƛƴǎ ŀǘ ǎƛƳƛƭŀǊ ƭŜǾŜƭǎ ǳƴǘƛƭ нлрл 
(European Commission, 2021a). 

Figure 33: Woody biomass flows, EU 27 + UK, 2017 (in kt dry matter, including net trade).  

 

Source: (EEA, 2023) based on (JRC, 2022) 

unit: kilo tonne dry matter 

Based on the criteria developed in this study, wood use could be improved by prioritising 
timber products over fibre products (see section 4.1). The favourable scores in resource ef-
ficiency and climate protection are partially attributable to the relative longevity of solid 
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wood products compared to other product categories .with a half-life time of 25 ς 35 years 
(IPCC, 2019). The benefits of timber are also recognised in the EU Forest Strategy and the 

new EU Bioeconomy Strategy (EU Commission, 2022; European Commission, 2021b).  

 

9.2.1.1 Current structure in EU regions 

The current structure of timber industries is mainly focused on coniferous sawn wood and 
particle board (Figure 34). Production is spread across EU regions. The largest share of sawn 
wood is produced in North EU.  

The structure of the fibre industries is diversified, with paperboard, followed by chemical 
pulp and case materials, having the largest shares. The geographic distribution is spread, 
with the South-West, North, and Central-West regions as main producers in these catego-
ries (see Figure 35). 

Figure 34: Production of timber products in EU regions, 2021. 

 

Source. FAOSTAT 

With reference to (Agora Agriculture, 2024), the Agora climate-neutral biomass scenario includes, in 
combination, the production of additional woody biomass outside forests, in the form of agroforestry on 
ŀǊŀōƭŜ ƭŀƴŘΣ Ψǘƻ ōŀƭŀƴŎŜ ǘƘŜ ƛƴŎǊŜŀǎƛƴƎ ŘŜƳŀƴŘ ƻŦ ǿƻƻŘȅ ōƛƻƳŀǎǎ ǿƛǘƘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƳƛǘƛƎŀǘƛƻƴΣ 
ŀŘŀǇǘŀǘƛƻƴ ŀƴŘ ōƛƻŘƛǾŜǊǎƛǘȅ ǇǊƻǘŜŎǘƛƻƴΩ ό!Ǝora Agriculture 2024, p. 131). Forest wood and wood from 
agriculture (agroforestry, short rotation coppice, and paludiculture) together cover the growing demand 
for woody biomass. 
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Figure 35: Production of pulp and paper products in EU regions, 2021. 

 

Source: FAOSTAT 

9.2.1.2 Future outlook 

The study by Material Economics (2021) represents a major reference for the potential and 
use of woody biomass for the scenario by Agora Agriculture (2024). Therefore, the primary 
focus here is on their forecasts, which are then compared with those of other sources. Re-
garding harvested roundwood to timber products Material economics allocate 400-459 
Mm3. To fibre products they allocate 336-379 Mm3, subsuming wood for pulp and paper, 
for insulation material and textiles. Moreover, the study focuses on avoiding biomass com-
bustion and does not go into higher granularity of end uses (e.g., sawn wood, textiles) within 
the categories. By comparing to other EU-level studies, we find a similar allocation of round-
wood to timber products, but a wider range of estimates in the allocation to fibre products, 
depending on future assumptions (see Table 32).  

Table 32: Allocation of roundwood to sectors in 2050 according to demand forecasts, EU 27 

 Timber  
(Mm3 RWE) 

Fibre (Mm3 
RWE) 

Total forest wood  
(Mm3 RWE) 

 
Reference 

Material Economics 400-459 336-379 800 a) (Material Economics, 2021) 

Forest sector outlook study 427 185 612 (FAO, 2022) 

ForestNavigator 243-358 198-262 540 - 620 (Kunttu et al., 2024) 

Philippidis et al. (2024) 317-376 244-271 600 - 620 a) (Philippidis et al., 2024) 
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a) The total forest wood sums also provide minima and maxima of the ranges, as sometimes the maxi-

mum of the timber does not correspond to the maximum of the fibres, and the same applies to the min-

ima. 

Source: see right column.; RWE = raw wood equivalents 

The Forest Sector Outlook Study models a slightly higher demand for timber products (FAO, 
2022). In this forecast, the construction sector drives the demand for timber products in 
Europe to 427 Mm3 by 2050 including sawn wood demand at 250 Mm3, veneer and plywood 
around 30 Mm3, and particle and fibre board around 120 Mm3. Scenarios of the Forest Nav-
igator project model that the demand for timber products remains around 2020 levels or 
decreases if the construction area per capita becomes smaller (243 instead of 358 Mm3 
when minimising the demand). Kunttu et al. (2024) find that changes in demand for timber 
products will have minor effects on harvesting, as any growth in construction could be cov-
ered by reduced export volumes, which are elastic. Philippidis et al. (2024) find an increasing 
demand for sawn wood, that slightly increases wood allocation to timber products (330-
335 Mm3).  

Scenarios for demand of fibre products do not provide a consistent picture. Whereas some 
assume a decreasing demand, other portray a growing demand for fibre products.  demand 
for paper (in particular packaging paper) varies as a result of different assumptions regard-
ing the products that can be substituted using chemical pulp. The Forest Sector Outlook 
Study (FAO 2022) expects fibre demand to decline from 2020 levels to around 185 Mm3 as 
a result of decreasing consumption of printing paper (mechanical pulp), which is not fully 
compensated by increased demand for packaging materials and alternative fibre products 
(chemical pulp). According to CEPI Key Statistics, 80-90 million tonnes paper and board are 
produced in 2020 to 2023 (CEPI 2023) (CEPI 2025). For this, 140 to 155 million tonnes of 
wood are needed, corresponding to 360 to 380 TWh (see Table 33). 

Table 33:  Wood demand for pulp and paper industry in Europe. 

Mm3/a 2021 2022 

Total consumption on wood 153 146 

Hardwood 40.7 37 

Softwood 112 109 

Imports/Consumption 14.3% 10.4% 

Source: (CEPI 2023). 

Kunttu et al. (2024) modelled several scenarios, all concluding with an overall increasing 
demand for fibre products (198 to 262 Mm3), driven by growth in chemical pulp and recycled 
pulp (due to growth in market for wood-based textiles), while the demand for printing paper 
decreases in all scenarios.  

Philippidis et al. (2024) provide a much higher demand estimate for fibre products in 2050. 
This can partly be explained by the assumption that wood-based textiles production in-

creases, and that 10% of plastic packaging is substituted by paper packaging.  

In light of the reviewed studies, Material Economics provides an estimate for timber prod-
ucts that can be seen as relatively high, but still close to the Forest Sector Outlook Study 
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(FAO, 2022). The fibre demand is highly optimistic and is higher than estimates by other 
studies. One motivation could be that exports are included in the estimate. If the amount 
that Philippidis et al. (2024) find is exported, up to 85 Mm3 would be reduced from the Ma-
terial Economics estimate. Then, the demand would be closer to that estimated by other 
studies. It is worth considering that although studies prioritize timber products, actual de-
mand is influenced by opportunities for growth. In certain EU countries, wood construction 
is seen to contribute to sustainable development and has been promoted by governments. 
Yet, fibre applications seem to have a more optimistic outlook, with opportunities in replac-
ing plastics and textiles. Also, part of the chemical industry, is getting ready to use lignocel-
lulosic feedstocks, including agricultural residues, as a raw material for organic chemicals.  

9.2.2 Basic data for the Agora climate neutral biomass scenario regarding forest 
wood demand 

9.2.2.1 Current situation 

According to the Agora scenario based on Material Economics (2021), consumption in the 
EU27 in 2018 is as shown in Table 34. According to this scenario, 677 TWh will be processed 
as timber for material use, with an additional 314 TWh going into the production of fibres. 
As Table 34 shows, 336 TWh are used directly as energy wood. However, the ratios shift 
significantly along the processing chain up to the end products. The demand for energy 

wood according to EU Fossil Gas Exit (Graf et al., 2023) amounts to a total of 1,038 TWh. 

Table 34: Forest wood consumption in the EU 27 in 2018 

Demand 

Total demand for 
solid biomass  

TWh 

Contribution by 
waste streams 

TWh 

Contribution by  
forest wood 

TWh 

Material use a) 

Sawn wood 253  253 

Particle boards 212 81* 131 

Pulp & paper 355 194** 161 

Textiles 3  3 

Total material use 823 275 548 

Energy use b) 

Space heat 499 69 430 

District heat 180 0 180 

Process heat >500°C (Industry) 290 180***  110 

Electricity 66 66****  0 

Total energy use 1,035 315 720 

Source: a) by (Agora Agriculture, 2024) with reference to (Material Economics, 2021); b) 
(Graf et al., 2023)Combination of wood supply and demand side 
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Figure 36 shows the total supply of forest wood ς divided into timber that definitely goes to 
the sawmill and all other roundwood (industry wood) and forest residues ς compared to 
user demand. This once again clearly shows that, in the status quo, the proportion of wood 
that is actually used for material purposes ς 253 TWh of sawn timber, 212 TWh of particle 
board (panels) and 355 TWh in the paper and pulp industry (which in turn diverts a large 
proportion of this as by-products used for energy) ς is significantly smaller than the propor-
tion used for energy. 

The preceding analyses show that even with very well-founded surveys and official statistics, 
it is difficult to obtain an exact match between the actual situation of timber production and 
its use. The type of survey and partially model-based projections almost inevitably lead to 
discrepancies between different studies. This is partly due to conversions from different 
units of measurement (volume, mass (dry, original substance), energy units) and, above all, 
ǘƻ ǘƘŜ ΨŎŀǎŎŀŘŜΩ ǘƘŀǘ ƻŎŎǳǊǎ ƛƴ ǘƘŜ ǎȅǎǘŜƳ ƻŦ ǳǎŜΣ ŀǎ ǎƘƻǿƴ ƛƴ Figure 36: wood that is used 
for a specific purpose (e.g. the paper industry) is largely found as a by-product in energy use. 
The risk of double counting is a fundamental problem here.  

In the presentation provided here, a consistent set of figures was created on the basis of 
data used in the Agora studies, taking into account additional sources. A somewhat higher 
granularity of material flows was created for different areas of use. In some cases, simplifi-
cations and assumptions had to be made, such as when attributing certain types of wood to 
energy uses. Of this, however, waste wood is predominantly used for electricity generation, 
which is not subject of this chapter, which just focusses on forest wood.   

Figure 36: Overview of the forest wood supply and the allocation to the demand side in 2020/2025 

 

Source: calculations by ifeu based on (Graf et al., 2023) (N. E. Cazzaniga et al., 2022); illustration: ifeu 

9.2.2.2 Demand for woody biomass for the Agora climate neutral biomass scenario up 
to 2050 

Table 35 summarises the demand for material and energy use of solid biomass in the EU 
until 2050 in line with the results from the Agora AFOLU study (Agora Agriculture, 2024), 
regarding the demand for material and the EU fossil gas exit study (Graf et al., 2023). In the 
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context of the ongoing substitution of fossil carbon sources in industry, demand for woody 
biomass is set to rise in sectors beyond those currently in place (see description above). 

The increases for sawn wood and fibre use are taken into account in the material use. Fur-
thermore, the significantly increasing demand from the chemical industry is also included 
(see Chapter 11 in the annex). With regard to the demand for woody biomass for energy 
purposes, the values for solid biomass quoted by (Graf et al., 2023) are applied here.  

It is evident that the demand for forest wood far exceeds the supply over time. This means 
that, in the course of the allocation process in this study, it must be resolved which demands 
are actually to be met by forest wood and which demands must be met by other solid woody 

biomass (e.g. agricultural wood, SRC). 

The main share of the increase in material use is based, both relatively and absolutely, on 
the demand lignocellulosic feedstock for organic chemicals. Around 430 TWh will be needed 
for this in 2050, which is almost a tenfold increase. The demand for timber for sawlogs will 
increase by 40% (meaning an additional 100 TWh of wood), while the demand for fibre will 
increase by 25% (meaning 140 TWh). 

Regarding organic chemicals, the EU Fossil Gas Exit scenario focused on plastic production 
and projected 194 TWh of biomass related demand by 2050 with a focus on novel feedstock 
materials (lignocellulose) and advanced technologies (chemo-technical or pyro-technical 
ones). This study will therefore complement the biomass scenario with an explorative sen-
sitivity analysis of the organic chemicals based on current usage in order to evaluate future 
biomass needs and implications for feedstock types and land use (see Chapter 11. 

Table 35 also shows that the demand for woody biomass for the production of advanced 
biofuels will increase significantly by 2050. According to (Graf et al., 2023), this is primarily 
due to demand from the aviation sector. Chapter 12 explores the equally complex topic of 

transport in depth.  

Table 35: Development of woody biomass demand for material and energy in the EU-27 (2020-2050) by biomass source according to 

the compilations and assumptions of this study. 

TWh/a 2020 2025 2030 2035 2040 2045 2050 

Timber/logs *) 253 270 287 304 320 337 354 

Fibres **) 571 593 615 639 663 689 712 

Organic chemicals 47 50 61 89 147 237 428 

Total material use 871 913 964 1031 1130 1264 1494 

Process heat (industry) 292 299 345 406 407 361 370 

Space heat 180 191 178 146 111 90 71 

District heat 499 446 412 378 345 283 229 

Electricity 66 47 78 65 50 41 40 

Transport fuel 189 89 20 146 277 291 289 

Total bioenergy 1226 1072 1033 1141 1190 1066 999 

Total biomass 2097 1985 1997 2172 2320 2330 2493 
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*)  sawnwood, excluding by-products from sawing and wood processing 

**) pulp & paper, particle boards, wood based texiles 

Source: EU fossil gas exit study (Graf et al., 2023), (Agora Agriculture, 2024), (Avitabile et al., 2023); 

(Spekreijse et al., 2019); calculations by ifeu 

9.2.3 Matching supply and demand 

So far, three issues are to be solved for the completion of the Agora climate-neutral biomass 
scenario: 

1. The increased demand for sawn wood (named as timber/logs in Table 35) runs coun-
ter the decrease of total forest wood; it is of particular concern that softwood (i.e. 
coniferous wood) is mainly used for sawn timber, but this type of wood will decline in 
favour of hardwood as a result of forest conversion for climate adaptation. The ques-
tion is whether these contradictory trends are compatible with each other. Case stud-
ies for some European countries suggest significant softwood shortages at least in 
some EU regions (Bozzolan et al., 2024). 

2. The question of technical suitability arises in general terms: before allocating wood 
assortments to uses along with merit order, it must first be determined which assort-
ments are technically suitable for which uses (as done in section 6.2.2).  

3. How to cover the demand for woody biomass which significantly exceeds the supply 
of forest wood. The assessment and allocation process will be used to resolve this 
issue. 

9.2.3.1 Effects of softwood decline  

The conflicting trends of increasing demand for saw timber and decreasing availability of 
softwood - will be addressed as follows: Based on the analysis of the status quo and the 
literature assessing future demands and supply potentials, a development from today to-
wards a situation in the 2050 is worked out in Table 36 by making a distinction between 
hardwood and softwood. According to (UNECE/FAO, 2022), the ratio between these two 
categories in terms of harvested volumes (Mm3) is 32% hardwood and 68% softwood. 
Adopted to energy content the ratio is 40% to 60%, due to higher density and thus energy 
content of hardwood. 

Basic assumptions are: 

¶ The decrease of total wood harvest will be at the expense of softwood; the volume of 

harvested hardwood is kept stable. 

¶ The default assumption is the volume of sawn softwood remains stable, while the in-
crease of sawn wood is completely covered by hardwood 

¶ A theoretical assumption is the entire increase in sawn wood would be covered by soft-
wood; this represents an extreme scenario, assuming that the market will not accept a 
shift towards hardwood and can only be supplied with softwood. 

The figures in Table 36 shows, that in the default case, 58% of softwood will have to be fed 
into the sawmill industry in 2050. 42% or 290 TWh will remain as residual softwood (i.e. 
industry wood) for use as fibre and energy. Assuming that approximately 160 TWh of 
wood will result from salvage logging (corresponding with the pessimal forecast described 
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in section 9.1.1.2), this still leaves 130 TWh of regular harvest through forestry measures 
(e.g. thinning). On the other hand, this means that the sawmill industry must quadruple its 
use of hardwood from 40 TWh to 160 TWh. This requires investment in specially adapted 
machinery and in the supply chain. Above all, however, marketable products must be pro-
moted, such as construction timber based on hardwood (beech, oak). 

As a theoretical extreme case, the amount of softwood required is shown if the increase in 
the material use of timber/logs, as is currently the case, is covered solely by softwood. In 
this case, the remaining amount of softwood that cannot be sawn would be 170 TWh. This 
amount appears critical given that, in the worst-case scenario, 160 TWh of wood cannot be 
supplied to sawmills due to salvage logging. 
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Table 36: Development of supply of softwood and hardwood for a scenario based on the premises of the Agora study,  

Forest wood type 2020 
TWh 

2050 
TWh 

explanation 

Softwood (total) 990 700 In 2020 total softwood makes up 60% of total harvested for-
est wood; the decline of total wood harvest up to 2050 will 
be at the expense of softwood, which is decreasing due to 
forest conversion. 

- sawn softwood a)  
(lower end ς default) 

410 410 Sawn softwood remains stable at a high level despite a de-
cline in total softwood, assumed as default. 

- sawn softwood a) 
(upper end) 

 (530) Just a theoretical assumption: the entire increase in sawn 
wood would be covered by softwood. 

- other softwood 580 (170 -) 290 Range of remaining softwood despite stable (or increasing) 
sawn wood rate and decrease in softwood harvest 

Hardwood (total) 660 660 In 2020 total hardwood makes up 40% of total harvested for-
est wood: up to 2050 no decline of hardwood harvest  

- sawn hardwood a) 
(upper end - default) 

40 160 The increase of sawn wood is completely covered by hard-
wood (default) 

- sawn hardwood a) 
(lower end) 

 (40) Just a theoretical assumption: hardwood would not contrib-
ute to the increase in sawn wood  

- other hardwood 620 500 ς (620) Range of remaining hardwood despite increasing sawn wood 
rate and decrease in softwood harvest 

Total 1650 1360  

Note: numbers are rounded; 

a) range of sawn softwood and sawn hardwood based on conservative (default) and progressive assump-

tions 

Source: compilation by ifeu, SYKE, based on (Material Economics, 2021), (Agora Agriculture, 2024), (Camia 

et al., 2021), (N. E. Cazzaniga et al., 2022), (UNECE/FAO, 2022), (FAO 2022). 

9.2.3.2 Technical suitability of wood assortments for various energy applications 

To answer the second issue, the energy demand as adopted from the Graf et al. (2023), is 
allocated to the individual types of wood available taking into account the preferred use of 
certain biomasses in certain sectors. The following preferred connections were derived from 
the detailed analysis of wood energy utilisation in Germany (Hennenberg et al., 2022), as-
suming that the utilisation patterns it identifies are broadly transferable to Europe: 

¶ Space heat: Individual furnaces and ovens here are predominantly fired with 
split logs,35 which are obtained directly from round timber; pellet 
furnaces, which are mainly produced from sawmill residues, also 
make up a small proportion. 

ςςςςςςςςςςςςςςςς 
35 It can be assumed that used wood also accounts for a significant proportion of household fuel consump-
tion. However, no official data is available on this. 
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¶ District heat: Small or medium-sized heating plants that mostly use forest 
wood in the form of wood chips. 

¶ Process heat (in-
dustry): 

Industrial heating plants that mainly use process waste (especially 
black liquor from the paper industry), but also wood chips from 
waste wood and forest wood. 

¶ Electricity: Large wood CHP plants, mostly fired with waste wood. 

 

The results are given in Table 37 in energy unit (TWh).  

Table 37: Current bioenergy demand according to the EU fossil gas exit study (= total) broken down to biomass source following com-

pilations and assumption by this study. 

TWh/a 

Forest wood 
and bark (di-

rect) 

By-prod. 
sawmill 

By-prod. pulp/ 
paper & pan-

els 

Used wood Unreported Total 

Space heat 329 69 0 0 101 499 

District heat 180 0 0 0 0 180 

Process heat (industry) 110 0 173 7 0 290 

Electricity 0 0 0 66 0 66 

Total 619 69 173 73 101 1,035 

Source: EU fossil gas exit study (Graf et al., 2023) (Avitabile et al., 2023); calculations by ifeu 

In addition to stationary energy uses above, the suitability of different types of wood as 
feedstock for transport fuel must also be considered. The decisive factor here is which con-
version technologies are suitable for which types of wood. In principle, the conversion pro-
cesses for the primary treatment of wood offer flexibility in terms of input material choice. 
However, the design of specific plants requires very specific material properties. Examples 
of European wood biorefineries for the production of fuels, among other things, are: 

¶ The Sweetwoods plants in Estonia, processing hardwood. 

¶ The St1 Cellunolix® plant in Kajaani, Finland, processing sawdust. 

¶ The Organosolv Biorefinery in Leuna, Germany, processing hardwood (beech)  

¶ The Domsjö Fabriker in Örnsköldsvik, Sweden, processing softwood 

¶ The Avantium ς Dawn Technology in Delfzijl, the Netherlands, processing unspecified 
wood 

¶ The BioDemo of IFPEN, Axens and INRAE in La Pont-de-Claix, France, also unspecified 
wood 

As for woodȤgasification, a large number of plants exist in Europe and worldwide, ranging 
from small CHP units to large industrial or pilotȤscale biomassȤtoȤliquid (BtL) facilities. Eu-
rope in particular has hundreds of small and medium woodȤgasification CHP plants and sev-
eral advanced gasification R&D or demonstration sites. Most these plants are installed in 

Germany, Austria, Italy, and Scandinavia (Hrbek, 2021). Examples are: 
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¶ Christof Industries (Austria), commercial woodȤgasification plants operating in several Eu-
ropean countries, producing heat and electricity from dried wood chips 

¶ bioliq® (Germany, KIT Karlsruhe) pilotȤscale biomassȤtoȤliquid (BtL) 

Overall, the review of existing plants confirms that these technologies can be adapted to 
suit a wide range of wood qualities in the feedstock. However, individual plants are typically 
limited to specific product ranges and lack flexibility in terms of the raw materials they can 
use. This means that at large the entire range of forest wood, as well as other lignocellulosic 

residues or waste, suits as feedstock for the production of biofuels.  

As the same technologies are used in primary processing to produce chemicals from wood, 

these statements also apply to their use in the chemical industry (see also Chapter 11). 

9.2.4 Application of the assessment criteria and allocation 

The assessment for the use of forest wood for diverse utilisations is performed in section 
4.1 of the study. Here, Figure 37 presents the resulting scores. The scoring for material use 
is in the majority of cases more favourable than the options for energetic use. Best rankings 
are achieved by construction wood, pulp/paper, furniture (solid wood), textile fibres and 

particle boards. Up to 2050, textile fibres surpass pulp/paper and furniture in ranking. 

¢ƻŘŀȅΩǎ (2020/25) production of wood-based chemicals (by gasification and synthesis the 
basic chemical methanol) ranks behind process heat and district heating due to the re-
source-intensive process. However, thanks to efficiency improvements and the reduced 
availability of renewable alternatives in the future, this use will surpass all other energy uses 

by 2050. 

Figure 37: Aggregated scores for Forest Wood use Over Time. 

 

Calculation and illustration by ifeu 



ifeu = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = 171 

The allocation of forest wood utilisations to use option by quantities is performed in section 
6.2 and 6.3. The result of the allocation for forest wood is displayed by the Sankey diagram 

in Figure 38. 

Figure 38: Material flow of forest round wood to semi-finished goods and energy in TWh in the EU-27 for the current situation (2020) 

on top and according to the allocation for ABS (2050) at the bottom. 

 

 

Source: calculations by ifeu based on (Cazzaniga et al., 2022) (Avitabile et al., 2023); illustration ifeu 
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9.3 Conclusions 

Firstly, it should be noted that although extensive statistics, surveys and specific analyses 
based on numerous data sources are available for the forestry sector and the production of 
forest wood in Europe, it is nevertheless challenging to create an overall picture with the 
level of detail defined for this study. The classification into categories (wood assortments as 
well as use types) varies widely in some cases. The choice of the TWh unit also leads to 
inaccuracies when converting different volume and mass units. The figures determined in 
this chapter therefore do not claim to be exact, as the information in significant places (e.g. 
1.363 TWh) may suggest. Rather, the presentation is made with this level of accuracy for the 
reason that the material flow balance must be consistently represented across the entire, 
complex and interlinked production chain. 

Availability and supply of forest wood in Europe 

With regard to the supply of forest wood in Europe, the following conclusions can be sum-
marised: There are important regional differences regarding the supply of forest wood. The 
North EU has the highest forest area per capita, while countries in Central-Europe (both 
West and East) have the highest timber stocks. Central-West EU leads in both forest availa-
ble for wood supply and wood energy consumption; South-East EU records the lowest sup-
ply levels.  

In terms of wood trade within the EU, it can be observed that: 

¶ Compared with the respective national consumption volumes, the share of imports is ra-
ther low, averaging less than 10%. 

¶ The larger export-import flows remain within the region or in neighbouring regions. 

¶ The largest transregional export balance is from Eastern Central Europe to Western Cen-
tral Europe, at approximately 10 Mm3 per year. 

¶ The timber traded is generally in the higher price category, i.e. sawn wood or even sawn 
stem wood, which is usually coniferous wood. 

The growing demand, associated with the use of wood in construction, has so far been de-
pendent on these types of wood. In European regions where coniferous wood is under pres-
sure from climate change and a restructuring of the forest towards ΩΩŎƭƻǎŜ-to-ƴŀǘǳǊŜΩΩ and 
climate-resilient tree species is, or is expected to become, part of policy,36 trade-offs be-
tween the various forest functions will increase and might result in growing demands for 
imported wood, not sufficiently covered by intra-European supply and leading to leakage in 
third countries. Therefore, measures must be taken to ensure that the increasing demand 
for construction timber can also be met from non-coniferous woods, which are available in 
sufficient quantities from regional sources. This implies, over time, an adjustment of the 

whole supply chain to various tree species and wood quality as well as flexible volumes.   

In many regions, conventional rotational forest management (clear-cutting, even-aged 
stands) is prevalent.  Continuous cover forestry (CCF) with single tree harvest is less common 
overall but most established in the South, as well as in Germany and Austria. Productivity 
comparisons between CCF and clear-cutting hinge on accounting for stand density. Timber 
available for sawing increases by around 120 TWh in 2050. This supply is expected to be met 
by adapting the value chain to a greater variety of tree species and enhanced recovery of 

ςςςςςςςςςςςςςςςς 
36 E.g. Germany; see also (European Commission, 2021b). 
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salvage fellings. The Agora scenario foresees a reduced harvest rate of 10 % (yearly average) 
as a lever to contribute to maintaining and restoring the EU forest carbon sink and improving 
resilience. Felling from adaptation programmes and salvage loggings are to be deducted 
from planned harvest.  

Climate change and natural disturbances connected with rising temperatures and more fre-
quent droughts, storms, and pest outbreaks are expected to constrain growth and push spe-
ŎƛŜǎΩ ǊŀƴƎŜǎ ƴƻǊǘƘǿŀǊŘ ŀƴŘ ǘƻ ƘƛƎƘŜǊ ŀƭǘƛǘǳŘŜǎΦ !ƴƴǳŀƭ disturbance damage (~ 52 Mm³ to-
day, rising toward ~ 75 Mm³ by 2030) remains small relative to 500 Mm³ of harvests but 
introduces significant variability for planning. Measures to reduce disturbance risks focus on 
adapted silvicultural measures (thinning, assisted migration, active planting) as well as the 
avoidance of clear-cut. EU countries are strengthening capacity across the four phases of 
forest crisis management: preparedness, prevention, response, and recovery. The volume 
of timber from salvage logging, estimated at approx. 170 TWh per year by 2030, finds suffi-
cient market outlets within the scope of demand for industry wood for material use as well 
as remaining, albeit reduced, energy use. 

Regarding ownership patterns and trade, approximately 60% of EU forests are privately 
owned (more so in the North) and 40% public (especially in the South-East). Fragmented 
ownership can hinder efficient supply as well as changes in forest management, including 
to enhance forest resilience. Roundwood trade typically occurs within the same region, 
flowing between neighbouring countries.  

This structure, dominated by private ownership, can be viewed as a hindrance to the imple-
mentation of overarching political goals and strategies for the forestry and timber industry. 
Large private owners depend on the economic profitability of their forests and small, unor-
ganised private owners do not have the resources to manage their properties. Awareness 
and knowledge building regarding future challenges and options seems necessary, together 
with ǎǘŀƪŜƘƻƭŘŜǊΩǎ dialogue on future possible developments of the value chain. 

The EU Forest Strategy ŦƻǊ нлол ǎǘǊƻƴƎƭȅ ǊŜŦŜǊǎ ǘƻ ǘƘŜ 9¦Ωǎ ōƛƻŘƛǾŜǊǎƛǘȅ ƻōƧŜŎǘƛǾŜǎ ŀǎ ǿŜƭƭ ŀǎ 
the greenhouse gas emission reduction target. Forest is not just wood provider; the strategy 
pronounces the multifunctional role of forests. Quality and quantity of forests in the EU 
requires respecting ecological principles and improving resilience. In this sense, reduction 
of overall wood extraction foreseen by the Agora scenario is in line with the objectives of 
the EU Forest Strategy. Moreover, the strategy defines as essential in άthe creation or 
maintenance at stand and landscape level of genetically and ŦǳƴŎǘƛƻƴŀƭƭȅ ŘƛǾŜǊǎŜΣ ƳƛȄŜŘπ 
species forests, especially with more broadleaves and deciduous trees and with species with 
different biotic and abiotic sensitivities and recovery mechanisms following disturbances, 
instead of monocultural plantationsέ (European Commission, 2021 p.12). This means that 
less softwood will be available in future. However, this wood is currently preferred for 

sawmilling, especially for the large market for construction timber. 

What measures can support the way towards the needed adaptations? 

¶ Integrating forest carbon accounting with wood supply strategies will be crucial for cli-
mate mitigation goals; it is key for incentivising forest owners and managers to contribute 
to LULUCF targets. 

¶ Balancing biodiversity conservation with productive forestry can benefit from different 
approaches, incl. both adaptive zoning and integrative management, to enhance diversi-
fied species mixes and deadwood. 
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¶ Future research shall explore innovative financing mechanismsτsuch as ecosystem-ser-
vice creditsτto support both public and private forest stewardship. Initiatives are already 

in place, e.g. the Intercede Project funded by the EU (FISE, 2025). 

¶ From a technical point of view: Emerging digital tools and remote sensing could enhance 
traceability of timber flows and improve management efficiency. Activities are also un-
derway here, like the Forest Information System for Europe by the EEA (FISE, 2025); or 
see analyses by (Latterini et al., 2025). 

Demand for forest wood in Europe 

With regard to the demand for forest wood, the following conclusions can be summarised: 
Firstly, the initial works of the Agora (Agora Agriculture, 2024; Graf et al., 2023) project 
clearly an increased demand for woody biomass in 2050. As the forest harvest rate slightly 
decreases to enhance forest resilience, the supply of forest wood (1,363 TWh in 2050) is not 
sufficient to meet the demand for woody biomass or comparable lignocellulosic material 
(roughly 2,400 TWh in 2050). Additional sources, such as wood from agricultural production 
(short rotation coppice, agroforestry, paludiculture) and lignocellulosic residues (e.g. straw), 
are developed over time. It must be considered that such wood categories cannot be used 
the same way as forest timber, that can be sawn. As such, it is expected to cover demand in 
specific segments such as fibre, feedstock for organic chemicals and energy purposes and 

complements the forest wood supply significantly. 

The specificity of the Agora scenario, considering also results from the allocation ladders 
(see section 4.1 and 4.2), provides important volumes of lignocellulosic feedstocks from ag-
riculture that can be directed to material uses such as in the organic chemical industry. 
These feedstocks are also suitable for fibre production and for energy uses.  

For timber for sawing, forest wood remains essential. Co-products from sawmills and indus-
try wood from forest management cover primarily fibre-related demand. The remaining 
harvest volume covers the energy demand that will still exist in 2050. The Agora scenario 
presents a balanced supply and demand where biomass use is optimised across sectors.  

The heavy lifting of the energy transition relies on electrification. Forest wood combustion 
for energy (electricity and heat) has been reduced by almost 50% by 2050, while 1.2 times 
the amount of remaining energy wood from the forest will come from agriculture in addi-
tion. It will be applied predominantly for material uses (fibres, organic chemicals) and by an 
also substantial share for advanced biofuels for aviation (SAF). In all, the energy use relying 
on forest wood decreases by 10% by 2050 whereas the material use increases by 17%. 

What needs to be tackled 

¶ Above all, the targets of the EU Forest Strategy must be implemented in order to achieve 
climate protection, resilience and biodiversity goals. 

¶ To meet the growing demand for wood (or lignocellulose), cultivation must extend on 
agricultural land and agricultural residues must be mobilised for high-graded utilisation. 
To this end, incentives for agriculture must be created and technologies further optimised 
to enable the ramp-up. 

¶ The increased use of hardwood in the field of material utilisation (sawmilling) must be 
promoted, otherwise this market cannot be served solely on softwood. 
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10 Biogas 

Biogas can be produced from a variety of different types of biomass and used for a range of 
purposes. This includes processing it into biomethane as an intermediate step. Biomass suit-
able as a substrate must be digestible, either using the usual process with biological fer-
menters (dry or wet digestion, mesophilic, thermophilic) or, in the case of materials that are 

difficult to digest, such as cellulose, with enzymatic support. 

Digestion is often the only sensible method of treatment for some substrates (e.g. manure, 
sewage sludge, biowaste) in order to achieve an energy benefit. For most substrates, diges-
tion is just one option among several. 

Biogas or biomethane can be used flexibly and almost universally for any energy application. 
In its purified methane form, it can also be used as a material. Given its versatility, it is ap-
propriate to dedicate a separate chapter to this type of biomass use. 

10.1 Supply estimates 

Agora Agriculture (2024) gives an estimate of the annual technical potential based on agri-
cultural residues, organic municipal waste and biomass from semi-natural sources in the EU 
in 2050. The source of these estimates is the DBFZ resource data repository.37 

Figure 39 shows the results of this assessment. While almost half of the substrate in 2020 is 
still cultivated biomass (green maize), a quarter comes from manure and approx. 16% from 
biowaste. Biogas production can be expected to double by 2030, with maize being dis-
pensed with as the main crop. Large contributions will then be made by manure (92 TWh), 
straw (86 TWh), landscape material (73 TWh) and cover crops (64 TWh). Biowaste will have 
exhausted its potential with 42 TWh ς which will also apply to manure in 2030. Straw, land-
scape material and cover crops potentials reach a total technical potential of 625 TWh by 
2050, with straw having the largest share with 170 TWh. Agora Agriculture (2024) points out 
that this technical potential is greater than the economic potential that can be derived from 

it.  

This study relies on the technical potential as assessed by Agora and provides an estimate 
for a plausible collection or harvesting rate for each feedstock that is closer to an economic 
estimate, as shown in Figure 39Φ ¢ƘŜǎŜ ΨŜŎƻƴƻƳƛŎΩ ŜǎǘƛƳŀǘŜǎ ŀǊŜ ōŀǎŜŘ ƻƴ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ 
expert judgment, in collaboration with Agora. 

ςςςςςςςςςςςςςςςς 
37 ²ƘƛƭŜ ǘƘŜ 9¦Ωǎ ƭŜƎŀƭ ǘŀǊƎŜǘ ŦƻǊ ŎƭƛƳŀǘŜ ƴŜǳǘǊŀƭƛǘȅ ƛǎ нлрлΣ ǘƘŜ ǎǘǳŘȅ ōȅ (Agora Agriculture, 2024) considers 
that  the results of the 2045 scenario are also applicable to 2050, allowing an additional five years for im-
plementation. 
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Figure 39: Biogas production in the EU:  supply in 2020 and technical vs economic potential estimates in 2050  

 

 

Source: (Agora Agriculture, 2024); illustration, ifeu 

Comparison with estimations by EBA 

Comparing current data and future technical estimates from Agora and the European Biogas 
Association shows differences in the magnitude of the overall potential and for some spe-
cific feedstock sources, as shown in Figure 40. For the year 2020, the figures are in agree-
ment (EBA, 2024). However, EBA's estimates at 740 TWh, are significantly higher than the 
510 TWh estimated by Agora Agriculture (2024) for 2040. In order to understand the differ-
ence, it is necessary to also look at the Guidehouse study (Alberici et al., 2024), commis-
sioned by EBA, and the basis for the EBA estimate38. The Guidehouse study arrives at poten-
tials for biogas production of 710 TWh in 2040 (or 68 bcm)Σ ŎƭƻǎŜ ǘƻ ǘƘŜ 9.!Ωǎ ǇƻǘŜƴǘƛŀƭ. This 
study provides the assumptions and methodology used that serves as guidance to under-
stand the potential estimate from EBA. 

What EBA and Agora approaches have in common is that they do not use dedicated energy 
crops (green maize etc.). The estimates for agricultural residues (mainly straw) are also com-
parable. The Agora technical estimate for landscape material (including grassland cuttings), 
sewage sludge, biowaste and waste from the food industry shows higher potential than EBA, 
especially regarding landscape material. The Agora technical estimate for manure is lower 
due ǘƻ ǘƘŜ ŀǎǎǳƳŜŘ ŘŜŎǊŜŀǎŜ ƛƴ ƭƛǾŜǎǘƻŎƪΦ 9.!ϥǎ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ΨΩǎŜǉǳŜƴǘƛŀƭΩΩ ŎǊƻǇǎ potential 
is more than three times higher (96 TWh against 310 TWh). This feedstock is the main factor 
behind the differences in the approaches described. 

ςςςςςςςςςςςςςςςς 
38 Hybrid meeting with EBA on 14 February 2025, with Agora Energiewende, Agora Agriculture and IFEU. 
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Agora Agriculture considers that in practice, catch crops present the high risk of altering 
crop rotations and occupying land during productive times. Consequently, this risk is re-

flected and minimised in the relative moderate potential estimate for catch crops.39 

It is important to note that, as seen previously and shown in Figure 39, Agora differentiates 
between a technical and economic potential, whereas EBA considers its estimate (see Figure 
40ύ ŀǎ ΨŦŜŀǎƛōƭŜ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜΩΣ ƴƻǘŀōƭȅ ŎƻƴŎŜǊƴƛƴƎ ŎŀǘŎƘ ŎǊƻǇǎΦ40  

Figure 40: A comparison of biogas production potentials estimates from Agora, EBA and Guidehouse, EU 27, 2040  

 

Source: Agora Agriculture (2024), (EBA, 2024), Alberici et al. (2024); illustration, ifeu 

Note: The Alberici et al. (2024) scenario is the basis for the EBA scenario and provides the main assump-

ǘƛƻƴǎ ŀƴŘ ƳŜǘƘƻŘƻƭƻƎȅ ǳǎŜŘ ŦƻǊ 9.!Ωǎ ǇƻǘŜƴǘƛŀƭ ŜǎǘƛƳŀǘŜ. 

10.2 Demand forecast by Agora 

In the EU Fossil Gas Exit scenario (Graf et al., 2023), the demand for biogas and biomethane 
is relatively constant between 197 TWh in 2020 to 175 TWh in 2050 (Figure 41), while the 
development of demand varies depending on the sector, as Figure 42 shows. Overall, these 
developments reflect a general trend towards the electrification of applications (e.g. heat 
pumps) as well as a shift away from fossil fuels use. The curves for space heat and district 
heat show a peak in the use of biogases in 2025 and 2030 respectively, followed by a pro-
gressive decrease, thereafter, reflecting a shift away from fossil and wood fuels. Electricity 
generation from biogases peaks later, in 2040, as the power grid system builds on solar and 
wind energy and develops tools for enhancing flexibility. Around 35 TWh is estimated to be 
provided by direct electricity generation, supplemented by biomethane from around 2035. 
The decrease in (almost exclusively) biomethane use in process heat up to 2030 reflects the 
shift to electrification for low temperature (< рллɕ/ύ ǇǊƻŎŜǎǎ ƘŜŀǘ while the subsequent in-
crease from 27 TWh in 2030 to 43 TWh in 2050 reflects the shift away from fossil fuels for 

ςςςςςςςςςςςςςςςς 
39 Interview with Tom Hollander, Agora Agriculture, June 2025. 
40 Hybrid meeting with EBA on 14 February 2025, with Agora Energiewende, Agora Agriculture and IFEU. 
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high temperature (> рллɕ/ύ ǇǊƻŎŜǎǎ ƘŜŀǘΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǳƴŘŜǊ с TWh of biomethane is re-
quired for the production of hydrogen or synfuels generated from it. 

Figure 41: Biogas and biomethane demand to 2050, EU-27, Agora EU Fossil Gas Exit scenario 

 

Source: EU Fossil Gas Exit scenario (Graf et al., 2023); illustration, ifeu 

Figure 42: Sectoral demand for biogases to 2050, EU27, Agora EU Fossil Gas Exit scenario 

 

Source: EU Fossil Gas Exit scenario (Graf et al., 2023); illustration, ifeu 
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10.3 Refining allocation for end-use 

10.3.1 Merit order of biogas substrates 

The results for the assessment and ranking of substrates on one hand and end-use on the 
other were described in detail in Chapter 4 of this report, while the results for waste and 
residues are described in section 4.3.3 (Figure 10 and Table 17). In summary, three trends 
can be observed: 

1. Until 2050, use for the production of chemicals will generally be advantageous, regardless 
of the feedstock.  

2. For energy uses, manure is advantageous, regardless of the type of use; sewage sludge, 
animal and food waste as well as separately collected municipal biowaste are to be re-
garded as equal in terms of valuation;41 this group is followed by landscape material, then 

straw and finally catch crops.  

3. The hierarchy of uses is generally as follows: process heat (high temperature), district and 
space heating, transport fuel and electricity. However, the differences in the scores re-
sults are very small.   
Regarding electricity, it should be noted that the criteria for allocation do not further dis-
tinguish between base load and residual load. However, electricity from biogas is gener-
ally considered more advantageous for use as the latter. It can be rated on a par with 
heat utilisation and may even be more advantageous. 

With regard to transport fuel, given that the product consists of methane, only the road 
transport and shipping (as Bio-LNG) options were considered. For aviation, methane-based 
synthesis routes (Methane-to-Liquid, MtL) would be necessary to achieve a liquid bio-kero-

sene. This pathway is not considered in this assessment.  

10.3.2 Cross-sectoral considerations 

As seen above, the EU Fossil Gas Exit scenario foresees a demand for 175 TWh of biomass 
for biogas/biomethane in 2050. However, according to the allocation in Figure 10 and Table 
17 (Section 4.3.3), the material use of biomethane as a source for the organic chemical in-
dustry should be considered first. On the other hand, the path via biomethane is not the 
preferred path for the use of biomass in this sector, which rather favours routes via bio-
methanol, bioethanol and other building blocks. For this purpose, lignocellulose such as 
straw, landscape maintenance material or catch crops would be more suitable than wastes 
such as manure, which are preferably treated via the biogas route.  

Therefore, criteria for a hierarchy were proposed in section 3.6 and applied to the various 
materials in section 4.3.2. Based on this, Figure 43 shows how the energy demand can be 
met from biogas substrates according to the merit order defined previously. Provided the 
demand for biogas/biomethane remains limited to approx. 180 TWh in 2050, this should be 
covered by biowaste, sewage sludge, animal and mixed food waste, and manure first. The 
landscape material, catch/cover crops and straw potentials are available as feedstocks for 
other sectors, e.g. the production of organic chemicals. 

ςςςςςςςςςςςςςςςς 
41 See also section 4.3.4; due to their lower volume or potential, these waste streams were not reported 
separately in the ladders. 



180 = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = ifeu  

  

 

Figure 43: Allocation of feedstocks potentials for biogas production against demand in 2050, Agora scenario  

 

Source: EU Fossil Gas Exit scenario (Graf et al., 2023), estimations by ifeu; illustration, ifeu 

In the Agora biomass scenario, lignocellulosic feedstock is used for the production of bi-
obased chemicals (see section 11.4). Around 150 TWh can be supplied by the available 
straw, catch crops and landscape material by 2050 (see Figure 44).  

This means that the sustainably available potential of digestible biomass will be completely 
utilised in 2050, as summarized in Figure 44.  
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Figure 44: Synopsis of biogas and biomethane demand and supply align with the refined ABS for the years 2020 and 2050  

 

Source: EU Fossil Gas Exit scenario (Graf et al., 2023), estimations by ifeu; illustration, ifeu 

The Agora scenario assumes a conversion technology which involves the synthesis of longer-
chain substances via gasification and biomethanol as a raw material instead of biomethane. 
For this reason, the higher-rated route- biomethane from manure for material use - is not 
considered the most favourable, as biomethane is primarily produced for the energy sector. 
The other feedstocks ς which can be either fermented or gasified ς are therefore assigned 
to the chemical sector in the Agora scenario. However, one disadvantage of gasification is 
that, unlike with biogas, the nutrients and carbon contained in the feedstock are not re-
turned to agricultural soils. If the path towards the synthesis of chemicals from biomethane 
proves to be a suitable option for industry, it would certainly be preferable to the allocation 
made here. 

Above all, the disposal of manure, biowaste, sewage sludge and biomass fractions of food 
industrial waste should clearly be given priority for the anaerobic digestion route. Landscape 
material follows, as it is usually inevitable due to the need for maintenance measures, then 
catch crops, as long as they do not alter the main crop rotation and productive times. 

10.3.3 Conclusion 

In the Agora biomass scenario, biogas and biomethane use reflect the shift to electrification 
across several sectors, while the overall demand remains roughly constant through 2050. 

While a large proportion of the substrate is currently still based on cultivated biomass (green 
maize etc.), over the next ten years, the supply will come entirely from residues and waste. 
ς a scenario which is in line with the projections of the European Biogas Association (EBA). 
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By the expansion of straw, landscape material and catch crops, the economically available 
potential will exceed the demand for energy based on biogas or biomethane. This opens 
lignocellulosic feedstock supply for non-energy use in the chemical sector (see the subse-
quent section).  

Meeting both energy and material demands will require active allocation decisions, taking 
note that the result of allocation based on sustainability criteria generally favours material 
use (i.e. basic chemicals) over energy uses. The ranking of energy applications for biogas 
follows the same order as for other biomass feedstocks: process heat (high temperature), 
district and space heating, biofuels for aviation or shipping, electricity.42 Among energy uses 
biowaste, sewage sludge, animal and mixed food waste, manure and landscape material 

(including grassland cuttings) rank highest, followed by straw and catch crops.   

However, since the biomass potential for biogas exceeds the demand for energy use, but 
material use is to be prioritised over energy use, the allocation of the feedstock to specific 
end-uses reflects both the specificities of the feedstocks and the uses. It should be noted 
that for some feedstocks, only the biogases pathway is applicable. These are manure, bio-
waste and sewage sludge, which should also be used as a priority and thus ς in principle ς 
should be assigned to the preferred material use. However, biomethane is not the optimal 
feedstock for basic chemicals. Lignocellulose is more suitable, for example via the gasifica-

tion pathway. 

Of course, this scenario is subject to risks and uncertainties. First of all, competing material 
uses create a strong policy and market rationale to steer lignocellulosic feedstock away from 
low-value energy uses toward higher-value material pathways. Meeting both energy and 
material demands will require active allocation decisions, investments in collection and con-
version infrastructure, and incentives to mobilize harder-to-collect residues. In particular, 
hurdles by the fragmented structure of many farms, municipal waste-management choices, 
and competing non-energy markets need to be overcome. Otherwise, the realisable supply 
will be substantially smaller. Although !ƎƻǊŀΩǎ ǘŜŎƘƴƛŎŀƭ ǇƻǘŜƴǘƛŀƭ ŜǎǘƛƳŀǘŜ ŦƻǊ ŎŀǘŎƘ ŎǊƻǇ ƛǎ 
ƳǳŎƘ ƭƻǿŜǊ ǘƘŀƴ 9.!ΩǎΣ ŀƴŘ ǘƘŜ ŜŎƻƴƻƳƛŎ ǇƻǘŜƴǘƛŀƭ is to be considered prudent, the catch-
crop deployment will require decision-taking of the majority of famers in Europe, directly 

affecting planning and investment decisions.  

The following must be tackled to achieve this: 

¶ Implement clear allocation policies that prioritize waste/ residue streams for energy 
while directing lignocellulosic biomass toward chemical/ material uses.   

¶ Support investments in collection, aggregation and pre-processing infrastructure for ma-
nure, biowaste and food-industrial residues to unlock realistic potential.   

¶ Support development and deployment of high-temperature process-heat solutions that 
use biogas/biomethane where electrification-based solutions are impractical.   

¶ Develop monitoring and reporting frameworks for feasible feedstock mobilization (eco-
nomic potential versus technical potential) to reduce modelling uncertainty and align in-
vestments. 

¶ Encourage integrated planning across energy, waste management, transport and indus-
try policy to avoid counterproductive competition for scarce biomass. 

ςςςςςςςςςςςςςςςς 
42 For electricity, note the remark at the beginning of this section: Its use for residual load is to be rated 
higher.  
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The EU can meet projected energy-sector needs for biogas/ biomethane to 2050 from pri-
oritized waste and residue streams while reserving much of the larger lignocellulosic poten-
tial for higher-value chemical uses, provided that policy directs allocation, unlocks collection 
logistics, and manages agricultural sustainability risks. 

10.4 Country case Germany 

10.4.1 Status quo 

Germany is still by far the largest biogas producer in Europe and, until recently, the world 
(now surpassed by China). Although expansion has stagnated in the last ten years, countries 
such as Italy, France, Denmark and the UK have recorded significant growth. Nevertheless, 
with approx. 87 TWh of biogas, Germany is still far ahead of all the others, and with 13 TWh 
of biomethane still slightly ahead of the four other countries mentioned (see Figure 45). 
Biogas production in Germany rose sharply in the years before 2013 and has remained more 
or less constant at this level since then. 

According to data from Fachagentur Nachwachsende Rohstoffe (FNR) (2023) the following 
was generated in 2022:  

¶ 31.4 TWh electricity (widely constant since 2014) 

¶ 18.4 TWh heat and cooling (smoothly increasing since 2014, when the production was 
around 13 TWh) 

¶ 1.1 TWh road transport fuel (with a leap in growth in 2018 and still further increasing with 

1.26 TWh in 2023 according to European Biogas Association (2024) 

Figure 45: Biogas and biomethane production in European countries in 2023 

 

Source: (EBA, 2024) 
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The central set of regulations that has promoted the expansion of biogas in Germany is the 
Renewable Energy Act (Erneuerbare-Energien-Gesetz, EEG) with the Feed-in Act, which en-
sures that plants are remunerated via the electricity price. In addition, there were various 
bonuses over phases, such as the slurry bonus, the innovation bonus or special support for 
small plants. The subsidy system was changed significantly in 2017, which led to a halt in 
further expansion. One important regulation was the introduction of the so-called maize 
cap. First introduced in 2012 with a maximum of maize in the annual mix of each operator 
of 60% by mass, the thresholds dropped to 35% in 2024 and 2025 and are set to fall to 25% 

in 2026. 

Moreover, the remuneration rate has decreased since 2014. In 2017, the system of fixed 
feed-in tariffs has been abandoned in favour of a tendering system, to steer electricity from 
biogas towards a market-driven rationale. Only small plants (< 150 kW) are still eligible for 
the given feed-in tariffs.  

¢ƘŜ DŜǊƳŀƴ άƳŀƛȊŜ-ŎŀǇέ ǊŜǉǳƛǊŜǎ ŀƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ Ǌŀǿ ƳŀǘŜǊƛŀƭ ǳǘƛƭƛǎŀǘƛƻƴ ƛƴ ǘƘŜ DŜǊπ
man biogas sector.43 Biogas production is heavily dominated by agricultural operations, 
which account for over 80 TWh and were also responsible for the ramp-up between 2005 
and 2015. Sewage sludge digestion, biowaste fermentation and landfill gas account for 
much smaller and constant shares. On an energy basis, the share of dedicated crops is 73% 
as given in Figure 46 (Rensberg et al., 2023). Silaged green maize takes two thirds of the 
crop input, followed by other whole plants, mostly green cereals. Intercrops and grass 
(which is mostly field grass and not cuttings from permanent grassland) play a marginal role.  

As mentioned, the maize-related thresholds are mass-related. Thus, the values from Rens-
berg et al. (2023) show 45% of dedicated crops, when referring to mass, while manure ac-
counts for 49% of input mass. This shows the important difference in biogas yield per feed-
stock and gives an indication of the attractiveness of crops, in particular maize. On the other 
hand, it is clear that manure is no ideal feedstock from an operator's technical point of view, 
as it produces low yields with a lot of mass consisting mostly of water, which at the same 
time means high heating costs for the fermenters. However, the EEG regulation with mass 
reference enables the operator to comply with the limit value with a balanced proportion 

of maize and liquid manure and at the same time achieve an appropriate biogas yield. 

ςςςςςςςςςςςςςςςς 
43 The reference is the EEG from 2021. The version form 2023, the maize cap has been tightened further 
and the limit for the special remuneration class for small slurry facilities has now been set at a rated output 
of 150 KW. 
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Figure 46: Energy-related feedstock input for biogas production in Germany in 2021  

 

Source: (Rensberg et al., 2023); illustration ifeu 

Rensberg et al. (2023) have analysed the data on the production of pure biogas plants and 
plants for biomethane production in a differentiated manner. The latter even have a slightly 
higher proportion of crops in their feedstock mix (60% mass-related, 71% energy-related), 

65% of which consist of maize.  

Overall, the crops applied for biogas and biomethane production in Germany cover around 
1.6 million hectares. This corresponds to around 9% of Germany's total agricultural area. 
This is twice the area under cultivation for rapeseed diesel and bioethanol in Germany. 

10.4.2 Biogas potential in Germany 

The assessments of biogas potential in Germany vary greatly. Firstly, it is crucial whether 
and to what extent the current use of crops as feedstock will be continued. Most scenarios 
tend to discontinue this practice. For example, EBA also assumes in its potential studies that 
only waste and residual materials as well as catch crops, grassland cuttings and landscape 
maintenance material represent future potential (Alberici et al., 2024).  

Ultimately, it is a question of the political framework as to whether and which volume ded-
icated crops are acceptable for a sustainable supply. In their assessments, Dotzauer et al. 
(2022) draw a maximum scenario that estimates the expected effects on the use and pro-
duction volume up to 2035 under the given framework conditions. A second scenario is 
based on the observed trend, according to which the current framework conditions would 
tend to lead to a significant decline in development. As a result, a share of between 40 and 
50% of the crop volume used today will remain for future biogas production ς corresponding 
to around 30 TWh. 

Dotzauer et al. (2022) derived the unused potential for fermentable materials by referring 
to the national monitoring of biogenic residues and wastes for Germany. Combined with 
assumptions regarding future mobilisation, they figure out a total biogas potential of 
17.5 TWh (see Figure 47). The additional potential therefore is very limited. In particular, it 
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is obvious that the current biogas production based on maize and other crops cannot be 
replaced by far by residual and waste materials. 

Figure 47: Status quo of biogas and biomethane based on residues and wastes in Germany and additional potential  

 

Source: (Dotzauer et al., 2022; Rensberg et al., 2023); illustration by ifeu 

Catch and cover crops could provide another source of raw materials in the future. Agora 
Agriculture (2024) has estimated the technical potential for this at the European level and 
Alberici et al. (2024) also provides figures (see section 10.1). Broken down to Germany, Ag-
ora's technical estimates could amount to 33.4 TWh. This assumes that all areas that are 
cultivated seasonally for summer crops are used as catch crops in winter, corresponding to 
3.5 million ha.44 As winter catch crops are not expected to be a productive option, the eco-
nomic estimate would be much lower.  

All in all: Assuming that 1) cultivated biomass continues to be used for biogas or bio-
methane, but follows the declining trend and reaches  half the current rate (or 36 TWh) by 
2050; 2) the additional potential according to Dotzauer et al. (2022) will be used (45 TWh) 
and 3)  the technical (and not economic) potential of catch crops (33 TWh) is delivered, we 
arrive at a total value of 115 TWh. This is therefore higher than the amount of biogas already 
produced today of just under 100 TWh with the main share from crops. Overall, this shows 
that Europe's largest biogas producer is already close to its capacity limit. 

The FNR estimates that the proportion of biomethane could increase to up to 40% of current 
gas consumption in Germany in 2030 if the entire biomass potential of energy crops, grass-
land cuttings, agricultural, municipal and industrial residues were to be used to produce 
biomethane. Referring to the natural gas consumption of 850 TWh in 2022 (Bundesnet-
zagentur, 2024), this would equal to 340 TWh. This value is also referred to by the German 
trade association Gas- und Wasserstoff-Wirtschaft which states that up to 330 TWh could 
ōŜ ŀǾŀƛƭŀōƭŜ ƛƴ нлпр ΨǇǊƛƳŀǊƛƭȅ ŦǊƻƳ ŘƻƳŜǎǘƛŎ ōƛƻƎŀǎ ǇǊƻŘǳŎǘƛƻƴΩΦ IƻǿŜǾŜǊΣ ƛƴ ōƻǘƘ ŎŀǎŜǎ 

ςςςςςςςςςςςςςςςς 
44 Calculation based on the statistical data from DESTATIS (Destatis, 2025) 
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these estimations are not made transparent (Die Gas- und Wasserstoffwirtschaft e.V., 
2025). 

10.4.3 Future outlook 

As noted above, a question of how to proceed with crops as feedstock is a decisive one 
concerning the future volumes of biogas production in Germany. The potential for residues 
is clearly limited, although there is a rather considerable range regarding different esti-
mates. The same is true for the potential of catch crops. 

Apart from the feedstock issue, a key factor is how the regulation and support system will 
develop. This will not only determine the future development of volumes, but also whether 
systems for generating electricity and, in some cases, heat with a high proportion of small 
agricultural systems will be maintained or even expanded. It is also a question of whether 
the majority of the biogas already produced and additional biogas produced in the future 
will be processed into biomethane and thus be available for variable uses - provided that 
gas grids remain at local or regional level or biomethane can be transported via the hydro-
gen networks currently under development. All of these aspects are linked to complex in-
terrelationships and do not allow any simple statements to be made.  

Dotzauer et al. (2022) develop a future scenario based on the assumption that tenders un-
der the EEG are utilised.45 In reality, however, lower participation in the tenders can be ex-
pected in view of the existing remuneration and marketing conditions. The following esti-
mates therefore represent an optimistiŎ ΨƳŀȄƛƳǳƳ ǎŎŜƴŀǊƛƻΩΦ Lǘ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŎǳǊǊŜƴǘƭȅ 
planned tendering volumes and the assumption that most of the existing plants will endeav-
our to connect to the grid. The forecast concludes that if the general conditions remain un-
changed, the number of biogas plants generating electricity will decline. A decline from the 
current 45 TWh of electricity to less than 30 TWh is expected by 2030. 

Utilisation via biomethane therefore appears to be more practical since it offers more flexi-
bility in use. However, Dotzauer et al. (2022) also considers that in the medium term, only 
3% of total gas demand can be covered by biomethane from biogas. While, as expected, the 
direct electricity generation plants run entirely via the EEG system, this is also the main sup-
port system for biomethane: Around 77% of the total sales volume for biomethane was 
marketed via the EEG (just 3 TWh of electricity was generated on this way), 11% was used 
to generate heat, 6% for fuel and 6% was exported (dena, 2023). This shows that there is 
comparatively little incentive to use biomethane for purposes other than electricity. The 
requirements of RED II and the new regulation on the GHG quota in the German Federal Air 
Pollution Control Act46 open up new prospects for the use of biomethane from residues and 
liquid manure in the fuel market. The fact that negative emissions can be counted towards 
the GHG balance when using manure has a very favourable effect on the GHG quota. How-
ever, this is only limited to the small area of manure.  

As far as the production and feed-in of biomethane is concerned, however, another central 
problem remains: The existing extensive gas network can hardly be maintained as an 

ςςςςςςςςςςςςςςςς 
45 The reference is the EEG from 2021. The version form 2023, the maize cap has been tightened further 
and the limit for the special remuneration class for small slurry facilities has now been set at a rated output 
of 150 KW. 
46 Bundes-Immissionsschutzgesetz (BImSchG); https://www.gesetze-im-internet.de/bimschg/BImSchG.pdf 
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infrastructure. It is revealing that large suppliers such as MVV announce to cease operating 
their gas grid even in a large city like Mannheim by 2035 (MVV Energie AG, 2025b, 2025a). 

Conclusive remarks 

The ramp-up of biogas production in Germany has depended on a supportive regulatory 
framework over years, particularly up to 2012, as since further growth has slowed down. 
This shows that such a high level of biogas production is only possible with important subsi-
dies. For the next few years, a reduction in the number of plants is expected in Germany. If 
targets are set at European level in such a way that similar ramp-ups to those in Germany 
occur, at least as much effort will be required in terms of incentives. 

The expansion of biomethane for feed-in to the natural gas grid contradicts indications that 
gas networks will be dismantled in the medium term. It is highly questionable whether the 
high network density, particularly in urban areas, will have an economic future based on the 
argument of green hydrogen compatible readiness, let alone the availability of the fuel in 
the first place given the prohibitive costs involved for such a use. 

Despite a reduction in incentives for crop biomass, Germany's high level of biogas produc-
tion is still heavily dependent on it. There is still a significant gap when it comes to fully 
exploiting the potential of waste and manure disposal via biogas production. However, this 
should go hand-in-hand with the overarching goal of reducing manure and waste. The Ger-
man example shows that the contribution of biogas to energy supply (or as biomethane for 
material uses) will remain limited given limited sustainable feedstocks and the need for fa-
vourable subsidy conditions. 
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11 Organic chemicals 

The chemical industry in Europe is a critical sector that has traditionally relied on fossil-
based feedstocks, such as petroleum products and natural gas, to produce a wide range of 
chemicals and materials. However, there have been developments over the last decades 
towards incorporating renewable feedstocks, driven by the aim of shifting away from fossil 
ŦŜŜŘǎǘƻŎƪǎΦ Lƴ ƭƛƴŜ ǿƛǘƘ ǘƘŜ 9¦Ωǎ Ǝƻŀƭ ƻŦ ŀŎƘƛŜǾƛƴƎ ŎƭƛƳŀǘŜ ƴŜǳǘǊŀƭƛǘȅ ōȅ нлрлΣ ǎǘŀƪŜƘƻƭŘŜǊǎ 
are exploring ways to achieve a net-zero chemical industry by the same date. Technological 
developments in the European chemical industry are evolving to integrate new renewable 
carbon sources alongside complementary approaches such as carbon dioxide capture and 
storage (CCS), utilisation (CCU) and recycling. 

The following section will discuss how biomass can be integrated into the organic chemicals 
industry, looking at different biomass feedstock types and their impact on land use in the 
EU. The analysis starts with the current supply of biomass-based organic chemicals (i.e. ex-
cluding fertilisers, inorganic chemicals and pharmaceuticals), as narrowed down, compiled 
and sampled by Spekreijse et al (2019). All product categories covered are displayed in Table 
38. 

Table 38: List of product categories with production volumes and bio-based share, EU, 2019  

Product categories EU bio-based pro-
duction [kt/a]  

Share of bio-based 
production [%] 

Total EU produc-
tion [kt/a]  

Platform chemicals a) 181 0.3% 60,791 

Solvents 75 1.5% 5,000 

Adhesives 237 8.8% 2,680 

Plasticiser 67 5.2% 1,300 

Polymers for Plastics 268 0.4% 60,000 

Human-Made Fibres 600 13.3% 4,500 

Paints, coatings, inks and dyes 1,002 9.7% 10,340 

Surfactants 1,500 50.0% 3,000 

Cosmetics and personal care products 558 44.2% 1,263 

Lubricants 237 3.5% 6,764 

Total 4,725 3.0% 155,639 

a) Chemical building blocks and starting materials to manufacture a wide variety of products 

Source: (Spekreijse et al., 2019) 
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In the JRC study (Spekreijse et al., 2019)Σ ǘƘŜ Ǌƛǎƪ ƻŦ ΨŘƻǳōƭŜ ŎƻǳƴǘƛƴƎΩ ǇǊƻŘǳŎǘƛƻƴ ǾƻƭǳƳŜǎΣ 
as certain platform chemicals are utilised in other product categories, such as plastics, paints 
and solvents, was circumvented in the following way: products that are conventionally uti-
lised in disparate categories (for instance, lauryl alcohol) are accounted for exclusively in 
those categories where they are predominantly employed, rather than being designated as 
platform chemicals.47 While this method has its shortcomings in terms of exact material flow 
volumes, it is still sufficiently representative for the purpose at hand. 

11.1 Current biomass supply and demand for organic 
chemicals  

The organic chemical industry is highly integrated with oil refineries, as it is mainly based on 
fossil feedstock today. The main product of conventional refinery is fuel; thereby the chem-

ical sector is also highly interlinked with the transportation sector. 

Box 8: The future of the refinery sector and chemicals production in the EU 

The products of conventional refineries in Europe are defined by the demand from the transport sector. These 
include diesel/ gasoline (41% in 2021, mainly used for road transportation); gas oil and fuel oil (18.6% and 9.7% 
respectively used in maritime); kerosene (5.5%, used in aviation) and naphtha (7.3%, as feedstock for the chemical 
industry). With the expected electrification of road transport, the demand for these transportation fuels is also 
expected to decline. As forecasted in the T&E study (2021), this decline in demand would cause refineries to follow 
the recent trend of reducing production capacity (a 10% decline between 2009 and 2014). This will affect the 
availability of fossil-based naphtha, the fossil feedstock for the chemical industry. 
 
Refinery utilisation rates are currently around 84% (2024) and are expected to drop to 81% in 2027 according to a 
forecast by Commodity insights, as refiners adjust to a weaker margin environment, accelerating closures through 
2029-2030. 17% of closures between 2020 and 2027 are planned transformations into biofuel facilities (whereas 
23% were scheduled for permanent closure and another 29% for transformation into storage). Meanwhile, biofuel 
production doubled between 2008 and 2020 (from 138 to 280 barrels of oil equivalent per day). 
Today (2021), the chemical industry covers its fossil feedstock by various products from conventional refineries: 

62% naphtha (via atmospheric distillation); 24% liquified petroleum gas (LPG); 9% ethane and 4% fossil gas oil48, 

the chemical industry is therefore directly affected by the dynamics of European refineries. 

 

Currently, only around 3% of the products in the organic chemical sector are based on bio-
mass, as shown in Table 38. This ratio varies significantly depending on the product cate-
gory:ς 0.3% of all platform chemicals and 50% of total surfactants production are currently 
based on biomass feedstock, as shown in Figure 48 (left diagram) (Spekreijse et al., 2019). 
Mainly agricultural biomass is used to cover the biomass feedstock today; with vegetable oil 
accounting for 62% (mostly imported), sugar and starch accounting for 20% and lignocellu-
lose accounting for another 17% (Figure 48, right diagram). Currently, there are 298 biore-
fineries in Europe converting biomass into products for the transport sector in the form of 
bio-fuels, while the remaining co-products are taken off by the chemical sector (European 
Commission, 2025). 

ςςςςςςςςςςςςςςςς 
47 Products that are used as platform chemicals but typically used in other product categories (e.g. lauryl 
ŀƭŎƻƘƻƭύ ǿŜǊŜ ŜȄŎƭǳŘŜŘΦ ¢ƘŜǎŜ ǇǊƻŘǳŎǘǎ ǿŜǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ƻǘƘŜǊ ǇǊƻŘǳŎǘ ŎŀǘŜƎƻǊƛŜǎ ƛƴǎǘŜŀŘΩ (Spekreijse 
et al., 2019, p. 19) 
48 Gas oil = middle distillate product from crude oil, used in chemical refineries to produce ethylene, pro-
pylene and btx (benzene, toluene, and xylenes) 
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Figure 48:  {ƘŀǊŜ ƻŦ ōƛƻπōŀǎŜŘ ǇǊƻŘǳŎǘǎ ƛƴ ƻǊƎŀƴƛŎ ŎƘŜƳƛŎŀƭǎΣ 9¦πнт Ҍ¦YΣ нлмф όƭŜŦǘ ŘƛŀƎǊŀƳύΤ ŀƴŘ ōiomass feedstock used for the pro-

duction of bio-based products, EU-27 +UK, 2019 (mass fraction), total volume 4.5 Mt dry matter (right diagram) 

 

Source: (Spekreijse et al., 2019) 

 

 

 

Fossil feedstock usage in chemical production accounts for large shares of overall lifecycle 
emissions of chemical products. If emission from fossil resource production and end of life 
emissions through waste incineration etc. are included, overall emissions are approximately 
three to four times larger than direct emissions from production only. As the de-fossilisation 
of the chemical industry is expected to gain momentum in the context of reaching EU cli-
mate neutrality by 2050, the share of bio-based feedstock is likely to grow in the coming 
years. In order to meet the demand of feedstock for the chemical industry without compet-
ing with food and feed production, it will be necessary to shift materials away from current 
food and feed crops towards agricultural lignocellulosic biomass from agroforestry, waste 
and residues. Depending on the products involved, it will be more or less challenging to 
transition from fossil to biomass-based sourcing. The volumes of biomass necessary to meet 

the growing demand over time will need to be anticipated. 

11.2 Existing scenarios to 2050 for the chemical industry 

Several studies were investigated in regard to their assumptions on the development of the 
chemical sector (1), used feedstock (2) and import/ export patterns (3). The 2040 impact 
assessment done by the European Commission (2024)was not part of the investigation, as 
it does not consider biomass for material use. The main assumptions and aims regarding the 
use of biomass in the chemical industry in Europe are summarized in the following table. 
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Table 39: Main features of a selection of scenarios to 2050 for the chemical industry 

Feature Material Economics Agora Dechema CEFIC Bio-based industries 

Consortium 

Wuppertal Institute 

Aim Assessing the progress, 

challenges and opportuni-

ties for scaling break-

through low carbon tech-

nologies in Europe´s energy 

intensive industries (steel, 

chemicals, cement) 

Developing pathways for 

transforming the chemical 

industry in Germany and 

the EU towards becoming 

climate-neutral by 2045 

and 2050 respectively 

Exploring pathways for 

transitioning the European 

chemical industry towards 

carbon neutrality by 2050 

Modelling a range of possi-

ble pathways for the EU 

chemical sector to transi-

tion towards climate-neu-

trality and circularity by 

2050 

Assessing if biomass can 

meet 20% of the future car-

bon demand of chemical in-

dustry in Europe and glob-

ally 

Guiding the defossilisation 

of the petrochemical indus-

try in Germany 

Sources Industrial Transformation 

2050 ς Pathways to Net-

Zero Emissions from EU 

Heavy Industry (Material 

Economics, 2019) 

Mobilising the circular 

economy for energy-inten-

sive materials; Chemicals in 

transition; Forthcoming 

(Germany) (Agora Industry, 

2022) 

Low carbon energy and 

feedstock for the European 

chemical industry 

(Bazzanella & Ausfelder, 

2017) 

CEFIC -The Carbon Manag-

ers-iC2050 

Bio based Industries Con-

sortium (2025) 

Green Feed (2025) 

Fossil fuel phase out The carbon capture path-

way uses fossil inputs cou-

pled with CCS 

Yes. Focus on plastics, hu-

man-made fibres and ferti-

lisers.  

No phase out indicated No phase out indicated The study focuses on bio-

mass feedstock use for 

chemical industry and does 

not discuss other feed-

stocks 

Phase-out of fossil inputs 

by 2050 

Products covered Plastics (and Ammonia) Polymers for plastics and fi-

bres, ammonia for fertilis-

ers 

Main chemical building 

blocks + fuel (representing 

2/3 of the sectors current 

GHG emissions) 

Covers 18 key chemical 

products (organic and inor-

ganic building blocks, poly-

mers and intermediates 

(represent 60% of GHG 

emissions) 

Polymers/plastics and rub-

ber (65% of the sector) sol-

vents, detergents, addi-

tives, personal care prod-

ucts and pharmaceuticals 

High-value chemicals: Ole-

fins, Aromatics, Platform 

chemicals and Polymers 

Growth rate Production is estimated to 

grow up to 72 Mt per year 

by 2050 (base scenario) 

For plastics (EU): with a 

high circularity scenario, 

demand is close to current 

levels by 2050.  

1% growth per annum for 

the EU chemical industry up 

to 2050 

Polymers 0.6 ς 0.9% 

Olefines + Aromatics 0% 

άw9{¢έ ŀƴŘ άw9{¢ .ƛƻέ 

(Rest of industry) 3.8% 

Equal demand Demand for polymers is as-

sumed to grow by 1% per 

year in all sectors, based on 

PlasticsEurope forecasts 

https://dechema.de/dechema_media/Downloads/Positionspapiere/Technology_study_Low_carbon_energy_and_feedstock_for_the_European_chemical_industry.pdf
https://dechema.de/dechema_media/Downloads/Positionspapiere/Technology_study_Low_carbon_energy_and_feedstock_for_the_European_chemical_industry.pdf
https://dechema.de/dechema_media/Downloads/Positionspapiere/Technology_study_Low_carbon_energy_and_feedstock_for_the_European_chemical_industry.pdf
https://cefic.org/app/uploads/2025/05/The-Carbon-Managers-iC2050.pdf
https://cefic.org/app/uploads/2025/05/The-Carbon-Managers-iC2050.pdf
https://biconsortium.eu/sites/biconsortium.eu/files/publications/Is%20there%20enough%20biomass%20to%20defossilise%20the%20chemicals%20and%20derived%20materials%20sector%20by%202050.pdf
https://biconsortium.eu/sites/biconsortium.eu/files/publications/Is%20there%20enough%20biomass%20to%20defossilise%20the%20chemicals%20and%20derived%20materials%20sector%20by%202050.pdf
https://epub.wupperinst.org/frontdoor/index/index/docId/8856
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Feature Material Economics Agora Dechema CEFIC Bio-based industries 

Consortium 

Wuppertal Institute 

Recycling rates 25% (carbon capture sce-

nario) 

46% (circularity scenario) 

53% (new processes sce-

nario) 

75%: Mechanical recycling 

rate 35%, chemical recy-

cling rate 40% ( Mobilizing 

the circular economy for 

energy-intensive materials) 

86%:  Mechanical recycling 

rate 50%, chemical recy-

cling rate 36% (Forthcom-

ing, Germany) 

Not provided Chemical recycling of poly-

mers 14.6%, mechanical re-

cycling of polymers 45.7% 

Not provided Mechanical recycling po-

tentials are fully exploited; 

chemical recycling gains 

more ǊŜƭŜǾŀƴŎŜ ƛƴ ǘƘŜ α/ŀǊπ

ōƻƴ [ƻƻǇά ǎŎŜƴŀǊƛƻ 

Biomass share and -

type 

28% (carbon capture sce-

nario) 

27% (circularity scenario) 

33% (new processes sce-

nario) 

Biomass types not differen-

tiated 

For plastics: lignocellulosic 

feedstocks. 

BAU 0% (5642 PJ total), In-

termediat 5.4% (6331 PJ to-

tal), ambitious 6.5% (7275 

PJ total), maximum 7.1% 

(10523 PJ total) 

40% of total consumption 

(60 mt/ 142 mt) 

Starch/ sugar crops, oil 

crops, manure, municipal 

solid waste, sewage sludge, 

forest residues 

20% bio-based feedstock 

47% primary Agro-Biomass, 

8% By-products, 29% 

Wood, 16% Straw and Bio-

waste 

Depending on the scenario 

1.5% - 24% bio-based car-

bon (mainly residues and 

sugar/starch) 

Technological develop-

ments (Types and 

Speeds) 

lower-CO2 production 

routes (e.g. energy effi-

ciency) 

extensive recycling technol-

ogies 

Industrial electrification 

(green hydrogen and 

CCU/CCS) 

Direct electrification (pro-

cess heat etc.); renewable 

hydrogen, mechanical and 

chemical recycling, CCU/ 

CCS combined with bio-

based feedstocks 

Improvement of energy ef-

ficiency. Low-carbon hydro-

gen, CCU, biomass conver-

sion, electrification of pro-

cesses and heat integration  

Electrification of steam 

cracking processes, CCS/ 

CCU, biomass gasification, 

fermentation, methanol-to-

olefins, methan pyrolysis, 

mechanical and chemical 

recycling (pyrolysis and gas-

ification) 

Biomass conversion (preci-

sion farming, use of AI, ro-

botics, drones and genet-

ically modified organisms, 

advances in biorefineries, 

CCU 

Steam cracker, Methanol 

synthesis (MTO, MTA) Gasi-

fication of Biomass, Pyroly-

sis (for Plastics), Organo-

solv, Solvolysis 

Import Not explicitly mentioned Not explicitly mentioned. 

Varying share of intermedi-

ate product imports (e.g. 

biomethanol) depending on 

scenario 

Biomass potential is taken 

from Europe 

Biomass imports increase 

from today 6% to between 

24 ς 36% of total biomass 

supply by 2050 

Rely on imports to meet bi-

omass demand  

Methanol and Fischer-Trop-

sch Products are imported 

(17 ς 38% of carbon) 

https://www.agora-industry.org/fileadmin/Projekte/2021/2021_02_EU_CEAP/A-EW_254_Mobilising-circular-economy_study_WEB.pdf
https://www.agora-industry.org/fileadmin/Projekte/2021/2021_02_EU_CEAP/A-EW_254_Mobilising-circular-economy_study_WEB.pdf
https://www.agora-industry.org/fileadmin/Projekte/2021/2021_02_EU_CEAP/A-EW_254_Mobilising-circular-economy_study_WEB.pdf
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Feature Material Economics Agora Dechema CEFIC Bio-based industries 

Consortium 

Wuppertal Institute 

Overall demand (2050) 75 ς 95 Mt Not explicitly mentioned. 

For plastics (EU): over 

60 Mt by 2050 with high 

circularity, mobilizing the 

circular economy for en-

ergy-intensive materials) 

Forthcoming study, Ger-

many : 24 Mt lignocellulosic 

biomass assessed available. 

200 - 250 Mt (including Bio-

based ethanol for fuel) 

60 Mt 43.5 Mt 13 Mt carbon/ year (in Ger-

many) 

 

https://www.agora-industry.org/fileadmin/Projekte/2021/2021_02_EU_CEAP/A-EW_254_Mobilising-circular-economy_study_WEB.pdf
https://www.agora-industry.org/fileadmin/Projekte/2021/2021_02_EU_CEAP/A-EW_254_Mobilising-circular-economy_study_WEB.pdf
https://www.agora-industry.org/fileadmin/Projekte/2021/2021_02_EU_CEAP/A-EW_254_Mobilising-circular-economy_study_WEB.pdf
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!ǎ ǘƘŜ ǎǘǳŘƛŜǎ ƛƴǾŜǎǝƎŀǘŜŘ ǎƘƻǿΣ ǘƘŜǊŜ ŀǊŜ ǾŀǊƛƻǳǎ ǎŎƻǇŜǎΣ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ǇŀǘƘǎ ŀƴŘ ŀƳōƛǝƻƴ 
ƭŜǾŜƭǎ ƛƴ ǘƘŜ ǇǊƻǇƻǎŀƭǎ ǘƻ ǎƘƛƊ ŀǿŀȅ ŦǊƻƳ Ŧƻǎǎƛƭ ŦŜŜŘǎǘƻŎƪǎ ǳǎŜΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǎŜŎǝƻƴ ŀƛƳǎ 
ǘƻ ƎƛǾŜ ŀƴ ƻǳǘƭƻƻƪ ƻƴ ǇƻǘŜƴǝŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǎ ǿŜƭƭ ŀǎ ǇƻǘŜƴǝŀƭ ōƛƻπōŀǎŜŘ ŦŜŜŘǎǘƻŎƪǎ ŦƻǊ 
ƻǊƎŀƴƛŎ ŎƘŜƳƛŎŀƭǎ ǇǊƻŘǳŎǝƻƴΦ !ǎǎǳƳǇǝƻƴǎ ŀƴŘ ǊŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ ǎǘǳŘƛŜǎ ƛƴǾŜǎǝƎŀǘŜŘ ǿŜǊŜ 
ǇŀǊǝŀƭƭȅ ǳǎŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ōƛƻƳŀǎǎ ŘŜƳŀƴŘΦ 

11.3 Considerations regarding the supply of biomass 

11.3.1 Potential supply of biomass as feedstock 

As shown in Figure 48, the current use of biomass in the chemical industry is limited 
(43 TWh) and majorly sourced from agricultural raw materials (vegetable oils, starch, sugar), 
but also from lignocellulose to a small extent.  

No expansion potential is envisaged for crop-based feedstock. The vegetable oils used are 
predominantly imported into the EU and, depending on the material requirements by the 
final application, often originate from special species (e.g. castor oil for lubricants). Beyond 
the existing supply relationships and quantities, no increases are envisaged here in order to 
avoid the risk of land use change. 

The potential of lignocellulose, on the other hand, is considerable. In principle, forest wood, 
wood grown on agricultural land (SRC), paludi wood culture and other lignocellulose from 

residues (e.g. straw) are suitable for this purpose. 

However, numerous other applications compete for this potential, such as the direct mate-
rial use of wood, various energy uses, e.g. the production of advanced biofuels (some of 
which require the same processing steps as for chemicals). This makes allocation essential 
(see section 6.2). 

Table 40 gives the range of potential lignocellulosic feedstocks for the production of organic 
chemicals. It includes the forest wood supply projected for 2050 subtracting the share ma-
terial use by timber/logs and fibres. This discount is made on the assumption that these 
forms of use will also be required in the future and in the event that they are to be supplied 
with wood on a preferential basis through allocation (see section 6.3). Nevertheless, the 
remaining potential is still significant, exceeding 1,000 TWh. However, this must be used to 
cover the numerous requirements mentioned above. 

Table 40: Potential lignocellulosic feedstocks for the production of organic chemicals 

Biomass Potential supply in 2050 
TWh 

Reference  

Total forest wood  1,363 Section 9.1 

Forest wood, minus the share for timber/los 
and fibre given in 2020 (823 TWh) 

540 Section 9.2.3 

Forest wood, minus the share for timber/los 
and fibre estimated for 2050 (1,016 TWh) 

347 Section 9.2.3 

Wood from fast growing trees (SRC) 518 Section 6.1.3 
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Paludi-wood 100 Section 6.1.3 

Agricultural residues (lignocellulosic) 194 Section 10.1 

Total range 1,159 ς 1,352 beyond the forest wood share 
for timber/logs and fibres 

Source: calculation by ifeu; see also referenced sections 

11.3.2 Technological and material considerations for the use of biomass as feed-
stock 

Biomass conversion can be realised using two basic principles, biochemical conversion un-
der the influence of microorganisms or/ and enzymes; here digestion and fermentation can 
be distinguished, as shown in Schematic representation of biomass conversion paths; bio-
chemical or thermochemical. On the other hand, the thermochemical biomass conversion, 
which differs in terms of temperature range applied, access to oxygen and product compo-
sition. 

Figure 49: Schematic representation of biomass conversion paths; biochemical or thermochemical 

 

Furthermore, different routes can be distinguished by their feedstock; pyrolysis oil (from 
various types of biomass), syngas from gasification (from various types of biomass), starch 
and sugar for fermentation, lignin (from lignocellulosic biomass) and lipid-rich biomass.  

Table 41: Combination of routes with potential feedstocks 

 Pyrolysis oil Syngas from gasifi-
cation 

Starch and sugar 
for fermentation 

Lignin Bio oil 

Biomass feed-
stocks 

Wide range of biomass 

types are suitable for bi-

omass pyrolysis (forestry 

and agricultural waste, 

animal manure and in-

dustrial sludge, Crop res-

idues and purpose-

grown energy crops) 

´Woody biomass, agricul-

tural residues, and pre-

treated biomass (e.g., 

torrefied) are highly suit-

able for gasification due 

to their favourable prop-

erties like low moisture 

and ash content, as well 

as high energy density 

(75% lignocellulosic) 

Sugar and starchy crops, 

lignocellulosic biomass 

(pre-treatment followed 

by enzymatic hydrolysis) 

Lignocellulosic biomass Palm, coconut, rape 

seed, sunflower and soy-

bean or aquatic bio-

masses, Industrial bio-

based wastes, residues 

(UCO, animal fat (cat 

1+2)) 
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Products Benzene, toluene, vari-

ous carboxylic acids and 

furans (cracking, steam 

reforming, hydrocracking 

and hydrodeoxygena-

tion) 

Syngas is a gas mixture 

of carbon monoxide 

(CO), hydrogen (H2), me-

thane (CH4) and carbon 

dioxide (CO2) and nitro-

gen (N2); alcohols (ther-

mochemical catalysis or 

fermentation), alkanes 

(by Fischer-Tropsch syn-

thesis) 

Alcohols, organic acids, 

lipids and hydrocarbons 

Syngas, hydrocarbons, 

phenols, macro mole-

cules 

Triacylglycerol molecule 

ς (a) cleaved to glycerol 

and fatty acids or (b) 

converted to alkyl esters 

and glycerol by trans-

esterification (FAME) 

Advantage Decentralized produc-

tion of the pyrolysis oil 

(depending on abun-

dance of biomass) 

Flexible biomass feed-

stock; processing in ex-

isting infrastructure 

Low direct emissions, 

high conversion effi-

ciency 

Increases carbon effi-

ciency in a biorefinery 

High carbon efficiency 

(as inherent molecular 

structures are pre-

served) 

Disadvantage Mixed product streams 

(bio-oil, biochar, and 

syngas) often require 

further processing (effi-

ciency depending on 

properties of biomass 

feedstock); Emits volatile 

organic compounds 

(VOCs) and particulate 

matter 

Contaminated (particles, 

alkali metals, nitrogen 

components, tars, sul-

furs, and chlorides) 

needs to be removed 

(extensive gas cleaning is 

necessary), low effi-

ciency/ high thermody-

namic losses 49 

Energy required for pre-

treatment 

Technical challenges, en-

ergy required for pre-

treatment (separation) 

Negative effects on bio-

diversity and (i)LUC due 

to oil crop cultivation 

 

From a technological point of view, it is possible to meet the entire carbon demand of the 
chemical industry with lignocellulosic feedstock. Especially processes like gasification of lig-
nocellulosic feedstock for the production of syngas with a high TRL (TRL = 9) (BioNET, n.d.; 
Zimmermann et al., 2021) and a high flexibility (but a low conversion rate and high energy 
demand) can be used to reduce the chemical iƴŘǳǎǘǊȅΩǎ ǊŜƭƛŀƴŎŜ ƻƴ Ŧƻǎǎƛƭ ŦǳŜƭǎΦ hƴŎŜ ǎȅƴƎŀǎ 
has been produced, conventional methanol synthesis (Methanol as building block for olefins 
(TRL = 9) and the synthesis of aromatics (TRL = 7) (Geres et al., 2019) can follow, or Fischer 
Tropsch Naphtha (TRL 9) can be produced.  

Many products of the chemical industry can be synthesized from these building blocks. This 
route generally takes a bottom-up approach, biomolecules are broken down to small build-
ing blocks and synthesize drop-in chemicals. Especially fermentation-based processes using 
lignocellulosic feedstocks offer a complementary route to decarbonize the chemical indus-
try by converting biogenic carbon into platform chemicals under comparatively mild condi-
ǘƛƻƴǎΦ Lƴ ŎƻƴǘǊŀǎǘ ǘƻ ǘƘŜǊƳƻŎƘŜƳƛŎŀƭ άōǊŜŀƪ-Řƻǿƴέ ǇŀǘƘǿŀȅǎΣ ŦŜǊƳŜƴǘŀǘƛƻƴ ƻŦǘŜƴ ōǳƛƭŘǎ ƻƴ 
the intrinsic functionality of biomass, using tailored microorganisms to selectively produce 
molecules such as ethanol, organic acids or other platform chemicals that can be further 
ǳǇƎǊŀŘŜŘ ǘƻ ǇƻƭȅƳŜǊǎΣ ǎƻƭǾŜƴǘǎ ŀƴŘ ƛƴǘŜǊƳŜŘƛŀǘŜǎΦ ¢Ƙƛǎ ǊƻǳǘŜ Ŧƻƭƭƻǿǎ ŀ ƳƻǊŜ άŦǳƴŎǘƛƻƴ-pre-
ǎŜǊǾƛƴƎέ approach: complex biomolecules are not fully cracked to syngas but are biochemi-
cally transformed into a limited number of versatile building blocks that can be integrated 
into existing value chains or enable novel biobased products. 

ςςςςςςςςςςςςςςςς 
49 EBA-Gasification (2024) 

https://www.europeanbiogas.eu/wp-content/uploads/2024/12/EBA-Gasification_December-2024.pdf
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Figure 50 displays an overview of thermochemical and biochemical conversion technologies 
for lignocellulosic biomass to produce products for the chemical industry. The figure shows 
how lignocellulosic biomass (green) is converted via thermochemical and biochemical pro-
cesses (yellow) such as organosolv, hydrolysis, pyrolysis, gasification and anaerobic diges-
tion into platform intermediates (blue) like C6/C5 sugars, lignin, pyrolysis oil, coke, syngas, 
biogas and acetic acid. From these platforms, products for material use (solid orange) and 
energy use (hatched orange) are derived: sugars yield ethanol, acetone, butanol, monoeth-
ylene glycol and monopropylene glycol; lignin yields adhesives; pyrolysis oil and coke are co-
processed in refineries to naphtha and biofuels; syngas leads to methanol and other biofu-
els; and acetic acid to polyhydroxybutyric acid, single-cell oils and ʍ-3 fatty acids. 

Figure 50: Conversion technologies for lignocellulosic biomass, with an indication of product share for material and energy use 

 

Illustration by ifeu; Sources:(Jong et al., 2020); (Pietzsch, 2020) 

Figure 51 shows the conventional fossil refinery: crude oil (green) undergoes distillation, 
cracking and reforming (yellow) to yield platform fractions (blue) like naphtha, middle dis-
tillates and heavy oils. Material products (solid orange) include naphtha/BTX, base oils, 
waxes and bitumen; energy products (hatched orange) dominate with mobility fuels like 
petrol, diesel, kerosene and fuel oils, plus other uses. 



ifeu = Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world = 199 

Figure 51: Simplified process scheme of a crude oil refinery, with an indication of product share for material and energy use  

 

Illustration by ifeu; Source: (Fuels Europe, 2019), (Fehrenbach et al., 2018) 

Table 42 quantifies the energy and biomass demand for producing key platform chemicals 
from dry wood biomass, expressed per tonnes of product (t/t product). 

Table 42: Comparison of biomass-based synthesis routes (Bazzanella & Ausfelder, 2017)  

Product Energy demand 
[GJ/tProduct] 

Biomass demand 
[t/t Product] 

Methanol 14.6 2.650 

Ethylene 85.5 10.5 

Propylene 95.5 5.9 

BTX (benzene, toluene, xylene) 72 11.2 

 

The high biomass-to-product ratios (5.9ς11.2 t/t) reflect the low carbon yield (<20%) from 
lignocellulosic conversion, as oxygen-rich wood loses 40ςрл҈ Ƴŀǎǎ ŀǎ /hіκIіh ŘǳǊƛƴƎ ŘŜπ
oxygenation. Multi-step processes from biomass to syngas and subsequently to olefins/ar-
omatics result in cumulative losses of 20ς40% per conversion step, thereby driving up 

ςςςςςςςςςςςςςςςς 
50 It has been demonstrated that the addition of hydrogen has a positive effect on the yield of methanol 
from biomass feedstock. This is due to the improvement of the syngas composition and the shift of the 
reaction equilibria towards higher methanol yields. The value indicated here is a average biomass demand. 
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feedstock demand. As the conversion rate is still low and the energy demand is still high 
(Table 42) from a chemical conversion perspective, some product categories processes are 
more efficient with oily biomass feedstocks. This is the case for products that utilise the 
inherent molecular structure of vegetable oil, such as Triglycerol.  

The situation as of today for the field of oleochemistry is that the bulk of bio-based oleo-
chemicalsτespecially for commodity applications such as lubricants and tenside precur-
sorsτare still tied to the capacity, economics, and logistics of the conventional refining sec-
tor όtǊŀǎŜǘȅƻ Ŝǘ ŀƭΦΣ нлнлύ. Should this dependency persist, it would engender a considerable 
risk of lock-in effects with regard to the maintenance of fossil infrastructure and feedstocks. 
Transitioning fully to independent biomass processing facilities remains limited by invest-
ment, technical optimization, and feedstock supply logistics; however, this is expected to 
change over time. With the electrification of transport and the phasing-out of refineries, the 
sector will move away from integrated steam cracker routes, as can already be observed 
today in the EU with site closures and investments in ethane crackers. Steam cracking will 
most likely be needed for specific products and chemical recycling feedstocks. The stand-
alone biorefinery sector for bio-based feedstocks in Europe is in its nascent stages of devel-
opment, with considerable growth projections anticipated over the forthcoming decades as 
policy, investment and supply-related challenges are addressed ό[ŜŀǾŜƴǎ Ŝǘ ŀƭΦΣ нлнрύ. 

Even though it is technically possible to produce the whole product portfolio of the chemical 
industry from syngas (made available by the gasification of lignocellulosic feedstock) other 
potential bio-based feedstocks together with their advantages and disadvantages are dis-

cussed in the table below.  

Table 43: Pros and cons of conversion routes per feedstock types 

Feedstock  Process for conversion 
(incl. efficiency and TRL) 

Advantage Disadvantage 

Lignocellulosic Gasification Feedstock flexibility, agri-
cultural waste and resi-
due, agroforestry (with 
high environmental co-
benefits) 

Low efficiency 

 Fermentation (after Hy-
drolysis) 

High product selectivity, 
low energy demand 

Substrate specificity  

Starch/ Sugar Fermentation High efficiency  Compete with food or feed; 
Negative Impact on biodiver-
sity  

Bio-oil Hydroprocessing or Hy-
drotreatment with subse-
quent co-processing  

Usage of existing infra-
structure  

Compete with food and feed, 
low volume potentials on sus-
tainability grounds, negative 
Impact on biodiversity, risk of a 
lock in effect, highest cross-
sectoral competition with 
transport (esp. aviation) 

 Oleochemistry High efficiency, low en-
ergy demand 

Low volume potentials on sus-
tainability grounds, high risk of 
fraud 
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Table 44: Product categories using mainly oil crops as bio-feedstock 

 .ƛƻπCŜŜŘǎǘƻŎƪ ǳǎŜ 

ώ҈ ƻŦ ǘƘŜ ǘƻǘŀƭ ōƛƻ ŦŜŜŘǎǘƻŎƪϐ 

.ƛƻπōŀǎŜŘ 
ǇǊƻŘǳŎǝƻƴ 
ώƪǘκŀϐ 

.ƛƻπ
ōŀǎŜŘ 
ǎƘŀǊŜ 
ώ҈ϐ 

tǊƻŘǳŎǘǎ  

{ǳƎŀǊκ 

ǎǘŀǊŎƘ 

±ŜƎΦ 
hƛƭ 

[ƛƎƴƻπ 

ŎŜƭƭǳƭƻǎŜ 

tƭŀǜƻǊƳ 
ŎƘŜƳƛŎŀƭǎ 

спΦр орΦр  мум лΦо tǊƻǇȅƭŜƴŜ ƎƭȅŎƻƭΣ 
{ŜōŀŎƛŎ ŀŎƛŘΣ 
9ǇƛŎƘƭƻǊƻƘȅŘǊƛƴ 

tŀƛƴǘǎΣ 
ŎƻŀǝƴƎǎΣ 
ƛƴƪǎ ŀƴŘ 
ŘȅŜǎ 

 млл  мллн мнΦр wƛŎƛƴƻƭŜƛŎ ŀŎƛŘΣ t¦wΣ 
!ƭƪȅŘ ǊŜǎƛƴǎ 

{ǳǊŦŀŎǘŀƴǘǎ мс уп  мрлл рлΦл DƭȅŎƻƭƛǇƛŘǎΣ 
9ǎǘŜǊǉǳŀǘǎΣ 
{ƻǇƘƻǊƻƭƛǇƛŘǎΣ !tD 

/ƻǎƳŜǝŎǎ 
ŀƴŘ 
ǇŜǊǎƻƴŀƭ 
ŎŀǊŜ 
ǇǊƻŘǳŎǘǎ 

мп уо о рру ппΦл [ŀǳǊȅƭ ŀƭŎƻƘƻƭΣ 
{ǘŜŀǊȅƭƛŎ ŀƭŎƻƘƻƭΣ 
9ǘƘƻȄȅƭŀǘŜŘ Ŧŀǧȅ 
ŀƭŎƻƘƻƭǎ 

[ǳōǊƛŎŀƴǘǎ  фу н нот оΦр !ƭƪŀƴŜǎΣ C!a9Σ Cŀǧȅ 
ŀŎƛŘ t9D ŜǎǘŜǊǎ 

Source: J. Spekreijse et al., (2019) 

All of the above-mentioned chemicals utilise the inherent chemical structure of the bio-
based feedstock, thereby reducing the energy input required for synthesis and the neces-
sary amount of biomass.  

Furthermore, using the infrastructure of crude oil refineries gives bio-oil processing a clear 
cost advantage over more complex lignocellulosic feedstocks, but it also increases the risk 
of lock-in effects for fossil technologies. As demand for fossil fuels and the related infra-
structure is expected to decline, the cost advantage of bio-oil over lignocellulosic feedstock 
will also decline. To maximise environmental benefits and avoid the risk of fossil technology 
lock-ƛƴΣ ǳǎƛƴƎ ǘƘŜ ǎŜŎǘƻǊΩǎ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƳƻƳŜƴǘǳƳ ǘƻ shift the chemical industry's utili-
sation of bio-oil towards lignocellulosic feedstock as much as possible is crucial. For further 
information about substitution potential, please refer to the information box on lipid-based 

biorefinery concepts (Jong et al., 2020).  

The following scenarios were developed to roughly assess the impacts of the three catego-
ries of crops as feedstock on material resources and land use, factoring in the different en-
vironmental impacts. A potential transition away from the usage of oil, sugar and starch 
crops towards lignocellulosic biomass (residues and agricultural) may offer substantial co-
benefits. Lignocellulosic biomass offers valuable advantages over oil, sugar and starch crops 
as its use avoids direct competition with food and feed production, enables cultivation on 
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marginal land not suitable for conventional crops, requires less inputs and provides higher 
levels of temporary carbon storage. Fast-growing trees or grasses have a number of ecolog-
ical advantages over annual crops: in addition to the harvested biomass, carbon is seques-
tered in the soil, the use of fertilizers and pesticides is generally unnecessary, and the plants 
potentially contribute to erosion control, biodiversity, and climate adaptation. Furthermore, 
such lignocellulosic biomass could contribute to a robust and sustainable bioeconomy with 
the development of new value chains based on clean technologies. 

Exploration of the uptake of biomass-based feedstocks by 2050 

In order to have an initial understanding of the implications of the scale-up of bio-based 
chemicals in terms of production requirements and land use, several scenarios were devel-
ƻǇŜŘ ǿƛǘƘ ǎƛƳǇƭŜ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŀǎǎǳƳǇǘƛƻƴǎ ōŀǎŜŘ ƻƴ ǘƘŜ нлмф Ww/ ǎǘǳŘȅΩǎ ǊŜǎǳlts. The 
choice of feedstocks and their volume requirements were assessed based on their technical 
potential and environmental benefits or disadvantages. This results in favouring lignocellu-
losic feedstock from waste, residue, agroforestry and short rotation coppices such as mis-
canthus, over starch/ sugar crops and oil crops (see the Allocation Guide in section 6.2) and 
the Category tables for supply and demand respectively (see section 3.8).  

To model the demand of biomass as feedstock for the chemical segment under investigation 

the following assumptions were made:  

¶ The products categories coverage is as defined by JRC (excludes inorganics, ammoniac 

and fertilizer, see Table 38). 

¶ The total annual growth rate of the chemical sector has been estimated at 1% (no differ-

entiation in growth rates is considered across the various product categories). 

¶ The overall recycling rate for the product category ´polymers-for -plastics´ is assumed at 
60% for all scenarios outside the ´Agora plastics´ scenario, at 75% (defined below).51 The 
recycling rate is only taken into account as an indication for the reduction in virgin feed-
stock needs. 

¶ The recycling rate for lubricants is estimated at 25% by 2050.  

¶ The growth rates for bio-based products have been customized όǎǘŀǊǘƛƴƎ ŦǊƻƳ Ww/Ωǎ Ŝǎǘƛπ
mations) to produce at least a 20% share of bio-based products by 2050 

CƛƎǳǊŜ рн ǎƘƻǿǎ ǘƘŜ ŜǎǝƳŀǘŜŘ ǇǊƻŘǳŎǝƻƴ ǇŜǊ ǇǊƻŘǳŎǘ ŎŀǘŜƎƻǊȅ ǳƴǝƭ нлрлΣ ŦǊƻƳ мсо aǘ 

ǘƻŘŀȅ ǘƻ нмл aǘ ƛƴ ǘƻǘŀƭΦ ȰtƭŀǜƻǊƳ ŎƘŜƳƛŎŀƭǎȰ ŀƴŘ ȰtƻƭȅƳŜǊǎ ŦƻǊ ǇƭŀǎǝŎǎȰ ǊŜǇǊŜǎŜƴǘ ǘƘŜ 

ƭŀǊƎŜǎǘ ƎǊƻǳǇ όоф҈ ŜŀŎƘύΣ ǿƛǘƘ ǘƘŜ ŘŜƳŀƴŘ ŦƻǊ ǇƻƭȅƳŜǊǎ ŀǎǎǳƳŜŘ Ŏƻƴǎǘŀƴǘ ǘƘǊƻǳƎƘƻǳǘ 

ǘƘŜ ǇŜǊƛƻŘΦ  

ςςςςςςςςςςςςςςςς 
51 For simplification it is assumed that 60% or 75% of the category ΨǇƻƭȅƳŜǊǎ-for-ǇƭŀǎǘƛŎǎΩ ŀǊŜ ōŀǎŜŘ ƻƴ 
recyclates by 2050, introducing a ramp-up rate for recycling. Recycling lowers the demand of biomass to 
produce virgin polymers. 
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Figure 52: Estimated production per product categories to 2050, Mt/a  

 

Source: calculation by ifeu; illustration: ifeu 

Figure 53 shows the development of bio-based chemicals in all product categories investi-
gated in the period until 2050. The growth rate for the bio-based products is estimated ac-
cording to JRC considerations and customized to reach a 20% share of bio-based products 
by 2050. The 32 Mt of bio-based products are dominated by ´Platform Chemicals´ (47%), 
´Surfactants´ (13%) and ´Adhesives´ (12%) and represent 22% of the products based on vir-

gin feedstock (excluding plastics from recyclates) of the categories analysed in 2050. 
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Figure 53: Share of bio-based chemicals by product categories to 2050, [Mt/a ]. 

 

Source: calculation by ifeu; illustration: ifeu 

Depending on the biomass type and the conversion technology used (thermochemical or 
biochemical) the demand of biomass was calculated, as well as its impact on land use if the 
biomass were to be grown domestically within the EU (yield rates were adapted accord-
ingly). Five scenarios were developed: 

1. BAU scenario (ramp up of bio-based chemicals as shown in Figure 53, biomass type/ 
ǎƘŀǊŜ ŎƻƳǇŀǊŀōƭŜ ǘƻ ǘƻŘŀȅΩǎ ǎƛǘǳŀǘƛƻƴΤ ŘŜƳŀƴŘ ƻŦ ŦŜŜŘǎǘƻŎƪ ŦƻǊ άǇƻƭȅƳŜǊǎ ŦƻǊ Ǉƭŀǎπ
ǘƛŎǎέ ǊŜŘǳŎŜŘ ōȅ сл% overall recycling rate, reached by 2050) 

2. BAU + AGORA Plastics (ramp up of bio-based chemicals as shown in Figure 53, bio-
Ƴŀǎǎ ǘȅǇŜκ ǎƘŀǊŜ ŎƻƳǇŀǊŀōƭŜ ǘƻ ǘƻŘŀȅΩǎ ǎƛǘǳŀǘƛƻƴΤ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ΨΩǇƻƭȅƳŜǊ ŦƻǊ Ǉƭŀǎπ
ǘƛŎǎΩΩ ǎǘŀȅǎ Ŏƻƴǎǘŀƴǘ ŀǘ сл aǘΣ ŘŜƳŀƴŘ ƻŦ ŦŜŜŘǎǘƻŎƪ ŦƻǊ άǇƻƭȅƳŜǊǎ ŦƻǊ ǇƭŀǎǘƛŎǎέ ǊŜŘǳŎŜŘ 

by a 75% overall recycling rate, reached by 2050) 

3. Gasification/ Fermentation (Forcing the model to completely substitute starch/sugar 
feedstock by lignocellulosic feedstock by 2050 (starting 2030 - TRL 8 ς 9 in 2023 (Bio-
NET, n.d.)), conversion rate 33% (Agora Industry, 2023))  

4. Vegetable oil constant (VOC) Production of bio-oil based chemicals kept constant at 
ǘƻŘŀȅΩǎ ƭŜǾŜƭΤ ƘƛƎƘŜǊ ƎǊƻǿǘƘ ǊŀǘŜǎ ƻŦ ƭƛƎƴƻŎŜƭƭǳƭƻǎŜ-based product categories (starch/ 
sugar feedstock was substituted by lignocellulosic feedstock entirely by 2050 ς as in 
the Gasification scenario) to ensure coverage of 20% biomass-based products by 2050 

5. Combination of VOC + AGORA Plastics Production of bio-oil based chemicals con-
stant, substitution of sugar/starch feedstock by lignocellulosic feedstock; ΩǇƻƭȅƳŜǊ ŦƻǊ 

ǇƭŀǎǘƛŎǎΩ production constant at 60 Mt, 75% recycling rate by 2050). 
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11.3.3 Demand of biomass as feedstock for organic chemicals in the different 
scenarios 

The results for biomass demand in TWh/a for the chemical industry in all the above-men-
tioned scenarios can be found in Figure 54. The increase in biomass demand is driven by 
growth in the chemical industry and by the target to cover 20% of the chemical products are 
based on biomass feedstock by 2050. Depending on the scenario, the demand for biomass 
in 2050 ranges from 290 TWh (with 84% cultivated biomass/ with 42% oil crops, 31% sugar 
or starch biomass, and 10% SRC) in the BAU scenario to 427 TWh (with 60% cultivated bio-
mass/ with 1.3% oil crops, no sugar or starch biomass, and 55% SRC) in the VOC + Agora 
Plastics scenario.  

Currently, up to 80% of bio-based chemicals are derived from oil crops, with a further 8% 
originating from starch or sugar sources. To investigate how demand for agricultural bio-
mass could be reduced and shifted towards lignocellulosic biomass, the VOC (vegetable oil 
constant) scenario was introduced. In this scenario, the demand for bio-oil in the chemical 
industry was kept constant at today's level, resulting in lower coverage of feedstock from 
biomass in certain product categories (declining from a high level today to a low level in 
2050). It was assumed that the proportion of imported bio-oil feedstock would remain con-
stant at the current rate (80% - (Spekreijse et al., 2019)). 

Figure 54: Biomass demand per feedstock type for organic chemicals to 2050 per scenario:  BAU, BAU + AgoraPlastic, Gasification, 

G + F 75/25, G + F 20/80, in TWh. 

 

Note: the hatched areas refer to feedstocks from residues (landscape material, straw, catch crops, animal fat) that either do not require 

land to be produced or, in the case of catch crops, are assumed to not alter the main crop rotation and productive times.   

Source: calculation by ifeu; illustration: ifeu 
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The surfactant product category can serve as an example: in the status quo, the coverage of 
the demand for feedstock with biomass is high (50%), with 84% vegetable oil and 16% sugar 
and starch. The BAU scenario follows today's feedstock pattern and increases the share of 
agricultural biomass to 57.3% by 2025 and 100% by 2050. In Figure 54 it is getting obvious 
that in the VOC scenario, the supply of biomass feedstock for bio-oil was kept at today's 
level, meaning the coverage followed the opposite trend (47.1% in 2025 and 36.7% in 2050), 
and can be completely covered by residues. The 20% biomass feedstock coverage target can 
still be achieved by switching to product categories with lignocellulosic feedstock, such as 

'human-made fibres'. 

Both Agora Plastics scenarios (BAU + Agora Plastics and VOC + Agora Plastics) show a higher 
demand for lignocellulosic biomass of 230 TWh compared to their basic scenario. In both 
scenarios, virgin plastics originate completely from SRC, while 75% of plastics are based on 
recyclates in 2050. 

 

Table 45: .iomass feedstock shares per product category today, in 2035 and 2050 in the scenarios BAU, VOC and VOC + Agora Plastic 

 Today 

(2019) 

2035 

 

2050 

 

  BAU VOC 
VOC + Agora  

Plastics 
BAU VOC 

VOC 

+Agora Plastics 

Platform chemicals 0.3% 2.5% 2.4% 2.4% 18.1% 16.7% 16.7% 

Solvents 1.5% 1.6% 1.9% 1.9% 1.8% 2.4% 2.4% 

Adhesives 8.8% 31.3% 29.9% 29.9% 100% 93.9% 93.9% 

Plasticiser 5.2% 9.0% 13.9% 13.9% 15.2% 35.0% 35.0% 

Polymers for Plastics a) 0.4% 1.3% 2.2% 4.2% 5.3% 15.9% 25.0% 

Synthetic fibres 13.3% 23.3% 35.8% 35.8% 39.4% 90.6% 90.6% 

Paints, coatings, inks and 

dyes 
9.7% 13.4% 8.3% 8.3% 18.1% 7.1% 7.1% 

Surfactants 50% 71.9% 42.6% 42.6% 100% 36.7% 36.7% 

Cosmetics and personal 

care products 
44.2% 67.9% 37.7% 37.7% 100% 32.5% 32.5% 

Lubricants 3.5% 5.1% 4.0% 4.0% 5.5% 3.4% 3.4% 

For polymers for plastics, 75% of the feedstock is assumed from recyclates by 2050 

Figure 55 shows the type of feedstock used by each product category in 2050. The most 
significant increase in demand for lignocellulosic biomass is attributable to the substitution 
of sugar/ starch-based platform chemicals with lignocellulosic-based alternatives (in the gas-
ification scenarios). In the Agora Plastics scenarios, lignocellulosic feedstock for the product 
category 'polymer for plastics' represents the largest proportion of the biomass demand, 
whereas in the VOC scenario, lignocellulosic-based platform chemicals are the largest con-
tributor. 
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For the purpose of comparison, the study of the Bio-based Industries Consortium on the use 
of biomass in the chemical industry estimates that approximately 22.5 MtC/a (equivalent to 
a mass of around 43 Mt/a) of biomass is required to cover 20% of the chemical industry's 
feedstock requirements. The feedstock is composed of approximately 40% oily biomass (pri-
marily vegetable oil and UCO/animal fat), nearly 20% sugar and starch crop biomass, and 
only 20% lignocellulose feedstock. The BAU scenario presented here demonstrates a high 
degree of similarity with regard to biomass demand (45 MT/a) and composition. 

Figure 55: Break-down of biomass use in organic chemicals by 2050 divided by product category and biomass type, in TWh per year 

 

Source: calculation by ifeu; illustration: ifeu 

In order to translate each scenario into the corresponding land use for biomass supply, it is 
important to consider the technological requirements of the gasification and fermentation 
processes. Gasification is much more flexible in terms of feedstock quality, meaning that the 
supply can be met with residues such as straw and catch crops for lignocellulosic biomass. 
In contrast, fermentation is much more restricted in terms of feedstock quality, so the de-
mand can only be met from well-defined lignocellulosic biomass from short rotation coppice 
or agroforestry, and starch/ sugar biomass. Furthermore, agricultural biomass is used to 
meet the demand for 'polymer for plastics'. In order to meet the projected demand for lig-
nocellulosic biomass as a renewable feedstock, a diverse array of biomass sources is consid-
ered, each with distinct technical and land-use implications. 

¶ Agricultural biomass 
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 SRC: covers demand from 'ǇƻƭȅƳŜǊ ŦƻǊ ǇƭŀǎǘƛŎǎ'Σ fermentation (as it provides a uniform 
quality) and replenishes demand in case residues are used up (in later years necessary 

as demand cannot be covered by agricultural residues)  

 Paludiculture: covers the demand for 'human-made fibre' primarily, potential can be 
used up comparable to SRC; no additional arable land accounted for  

 Catch Crops: no additional arable land accounted for 

¶ Agricultural residues 

 Straw: no additional arable land accounted for 

 Other harvest residues 

The combined utilisation of these biomass sources facilitates flexibility and resilience in 
feedstock supply. It is important to note that reliance on non-arable land options, such as 
paludiculture, catch crops and residues, enables sustainable expansion without land com-
petition with food and feed crops. As demand increases and residue availability levels off, 
the role of dedicated energy crops and SRC will intensify further. This will ensure a continu-
ous, quality-assured lignocellulosic biomass supply. 

Figure 56 shows the land demand for all analysed scenarios in 2030, 2040 and 2050 in the 
three different feedstock categories: 'Sugar/ Starch', 'Bio-Oil' and 'Ligneous' in comparison 
to ǘƻŘŀȅΩǎ situation. It is worth noticing that the land demand in BAU and BAU + Agora Plas-
tics have by far the biggest land demand (13.2 Mio ha/a and 14.1 Mio ha/a), as both re-
nounce residues completely and rely only on cultivated biomass, even though the demand 
in biomass [in TWh] in the BAU scenario is smaller compared to the other scenarios. This 
can be explained by the low percentage of residues that is used in the BAU and BAU +Agora 
Plastics scenario (13.7%). The Gasification/ Fermentation scenario (all sugar feedstock is re-
placed by lignocellulose feedstock) has a disadvantage as it still needs 40% bio-oil which in 
most cases is cultivated and comes with a high land demand (75% of the land demand is 
reasoned by the cultivation of oil crops). Both VOC scenarios benefit clearly from the reduc-
tion of oil crops and the utilisation of agricultural residues, so that only 45% of the land 
demand in the BAU scenario is necessary to cover the demand of biomass feedstock. 

Nevertheless, it is important to consider that covering 20% of the feedstock demand by bi-
omass until 2050 would result in a fivefold increase in land demand (from the status quo of 
2.6 million ha), which must be evaluated within the broader context of the bioeconomy of 
Europe (see below/ Application of Allocation criteria). 

¢ƻ ǊŜŘǳŎŜ ƭŀƴŘ ŘŜƳŀƴŘΣ ƭƛǇƛŘπōŀǎŜŘ ōƛƻǊŜŬƴŜǊƛŜǎ ŎƻǳƭŘ Ǉƭŀȅ ŀ ŦǳǘǳǊŜ ǊƻƭŜΣ ōǳǘ ǘƘƛǎ Ŏŀƴƴƻǘ 
ōŜ ŜǎǝƳŀǘŜŘ ǘƻŘŀȅ ŀǎ ǘƘŜ ǘŜŎƘƴƛŎŀƭ ǊŜŀŘƛƴŜǎǎ ƭŜǾŜƭ ƛǎ ǎǝƭƭ ǘƻƻ ƭƻǿΦ [ƛǇƛŘπōŀǎŜŘ ōƛƻǊŜŬƴŜǊƛŜǎ 
ǳǎŜ ƳƛŎǊƻƻǊƎŀƴƛǎƳǎ όŜΦƎΦ ȅŜŀǎǘΣ ōŀŎǘŜǊƛŀ ŀƴŘ ŦǳƴƎƛύ ǘƻ ŎƻƴǾŜǊǘ ǾŀǊƛƻǳǎ ŦŜŜŘǎǘƻŎƪǎΦ 
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Figure 56: Land demand for biomass feedstock of organic chemicals in the technology scenarios in 2030, 2040, 2050 in [Mio ha/ a]. 

 

Source: calculation by ifeu; illustration: ifeu 

11.4 Application of the assessment criteria 

Figure 57 presents the scores of the allocation criteria for the feedstock of the organic chem-
ical sector. The scoring for oil crops uses in the chemical sector is more favourable today 
than in 2050, when it is the least favourable. For the ligneous crops and residues, the oppo-
site trend can be observed. Agricultural lignocellulose biomass (SRC and paludi-wood) shows 
an even scoring throughout the period of time. 

Figure 57: Scoring of potential biomass feedstock for chemical industry over time 

 




















































