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1 Introduction

Asthe demand for biomass f@ojectedto increase in ordeto replace fossil fueland car-
bor-intensive raw materialshiomasssupplyis expected tdace major constraintgelated
to sustainability ancclimate change Meanwhile, he Eiropean CommissiofEC)lacks a
comgdete assessmentf biomass supply and demand across seciocdiding material uses
A comprehensive, crossectoral view of biomss is howevenecessaryo ensurea future
balance betweernlemand and supplgndto assesshe fundamental role biomassuldplay
in reaching climate neutrality by 2058gainst this backgrawl, Agoradecidedto explore
further the impacts of biomass related choicegjarding energy and materigdsy” (i K S
ability to transition to climate neutralitywhile reaching its competitivesss and strategic
autonomy goals

In this contex{ Agoracommissionedfeu to assess the viability and practicality of imple-
menting a meriorder for biomass utilisation, with the objective of contributing to the
achievement of EU climate neutrality targets, whilst promoting competitivenedsstate-
gic autonomy.Agora ha already developedcenariosfor biomass demandGraf et al.,
2023)and supply(Agora Agriculture, 2024h a climate neutral EBy 2050 The present
studyis based othesefundamentalworks and investigatesome specific areas of use such
as biomethane, biofuels and fine chemicals in a more granulay avedprovides foramore
granular allocation of usdRelated specific assumptions and results fréme Agora main
scenariodo 2050 are reassesséal the light of the meritorder developed for this study

Byintegrating severallimensions such as land usesilienceandclimate mitigation Agora

seeks to clafy the political choices to be made on biomass use across sectors and their

impacts on the main sectors value chailrsclose collaboration with Agoraagners ifeu
and ke provided support in:

Developing a methodology for the allocation of biomass asd assessing its relevance
and limitations

Providing, in collaboration with Agora, partners and stakeholders, more granularity for

biomass supply and demand in focused areas foethistingAgorascenari;

Developinga sensitivity analysifor biomass use inrganic chemida as well agefining
the data and the granularity level bfomass flows

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

velop over time, identifyinglesirableallocationsconsideringdemand and supply

Drawingconclusions about the allocation of biomass utilisation across various industrial

sectors
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2 Task description

The principal task of thstudy 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 ftine allocation obiomass use in Germatwere built upon

and futher developedCriteriafor assessing specific uses of specific bioraasdased on

key strategies, regulations and evaluation schemes for biomass and the bioec@@wapy

ter 3). The result is enerit order in the form of a ladder, which serves as guidance for deci-
sions on which biomass should be used for which type of@Usapter 4).

These merit orders form one of the fundamental components for the development of an
Agora biomass scenari@B3. The other basis is the volursef available biomass and de-
mand over time until 2050These volumes are primarily quantified basedtwo previous
workshby the Agora think tanks, namely:

Agriculture, forestry and food in a climate neutral &ténario (Agriculture, forestry and

food in aclimate neutral EU. The land use sectors as part of a sustainable food system
and bioeconomyAgora Agriculture, 2024providing arnintegrated analysis of the poten-

tial supplyof biomass fromagricultue and forestrycoveringthe different sustainability
dimensions within the EUt present a scenario for the land use sectors as part of the
food system and the bioeconomy in a climate neutral EU byamidury.

Agora EU Fossil Gas Ez#énario( Breaking free from fossil gag new path to a climate

neutral Europe, Graf et al., 2023)providinga detailed pathway for fully transitioning

away from fossil gas in the coming decades basestmtturalmeasures for theeduc-

tion ofdemand inacosSTFSOGA BS 4 & | ydimaletargdisityiigh- 6 A 1 K GKS 9! Q&
lightsthe key technology deployment milestones2®30, 2040 and 2050, with a particu-

lar focus orenergy, buildings and industry #ee maingasconsuming sectors.

It is the taslof this studyto review andfurther integratethe abovescenari@for biomass in
energy and materiald-orthis, quantity structures of biomass utilisation in Eurcgre dis-
closed and scrutinised. An important question here is that of granuladity: differentiated
must biomass types and uses be considéneatderto ensure adequate resulfsr the merit
order mehodology on one hand, and for adequate allocation on the cdf8&ction3.8aims
to provide answers to thsequestions.

A key part of the work is therefore cont&d in Chaptef, which first examines the availa-
bility and demand for biomass in a time series up to 2050 (se6tinin line with the merit
order developed in Chaptér, section6.2then allocates the biomass to different uses, which

is then combined isection6.3to form a complete picture of th&BSFinally, a&comparison

with the scenario of Europe's 2040 climate target and path to climate neutrality by 2050
(European Commission, 2024sjperformedin section6.4.

1 Research project on behalf of the Federal Environmle@ermany: Scientific support for the implemen-
tation plan for the National Bioeconomy Strategy; publication forthconfifehrenbach et al., n.d.)
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The study required particular-idepth analysis in various areas relating to the origin and use
of biomass. This work was incorporated into the fimatsionof the ABS It is included as
individual chapters in Anneixof the studyand covers the following topics

1 Forest woodincluding regional and country specific contefgsction9)

1 Biogasincluding a country perspectivé&sermany(section10)

1 Chemical industry assmurce ofgrowingbiomasslemand including a sensitivity analysis
(sectionl11)

1 The transport sectgiincluding a country perspective, Fransectionl2).

The final objectivés todevelop the projectiongiven inthe Agora scenarios intorafined,
integrated overall scenario (Agora biomass scengkB3, providing suitablesriteria for the
allocation ofthe availablebiomass for the most sustaible utilisation The outcomds an
optimisedpath forbiomass production and use aclimate-neutral ELby 2050

Figurelillustrates how the individual parts of the report relate to and build on each other.

Figurel: The structure of the report and the way the chapters build on eatbier.

Assessment criteria
(chapter 3)

Analysis of current
supply and use

Merit order (ladders) (chapter5)
(chapfter 4)

Volume framework of ey
future supply and use
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Conclusions
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3 Methodical approach for the allocation
of biomass and its utilisation

Allocation means assigning biomass types to bssed on differenpriorities:amerit order
isobtainedon the basis oénvironmental ad sociceconomiccriteriathat arederivedfrom
relevant political strategies and normatigtarting points (sectio.2) anddefinedin sec-

tion 3.3to 3.6). The applicatiorof these criterialeads to a score being awarded, resulting
Ay I R Rdeddiig the ranking of uses for specific types of biomass. st order
should be understood as guidance. It is intended to provide orientation and does not claim
to cover all conceivale aspectsand scenariosTheresultingladders(see sectiord) are
thereforemeantasa guidancethey are not prescriptive.

In a second stepallocation is completed by assigning the quantitiekdifferent types of
biomass availablalong the merit order of laddersf the volumeof the preferred biomass

is not sufficient tocoverthe demand for a particular use, this demand is covered by the
biomasses lower down in thiadder ¢ provided that these biomass types are not better
suited for another usgaccording tahe merit order.

The approach for allocation is described in secflioA prerequisite for the allocation is a
clear inventory of the available bioma3® this endsection5 describes the status quof
biomassdemand andsupplyreferring toprevious studies by the Agora think tankaraf et
al., 2023)(Agora Agriculture, 2024 well agurther sources (e.g. the Joint Resea@dntre
JRC)The result is @omprehensivepicture of the distribution of biomass types across dif-
ferent usesrefining andconcretisinghe Agoraclimate-neutral biomasscenario

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

Merit order of different types ofbiomass(crops, harvested ligroellulosic material,
forest wood, residues and wastesn adequate granularity);

Merit order of differenttypes of utilisation(material product, fuel, heat, electricity
also in adequate granularity)

The first levels appliedwhen 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 woodor on the other handthis can be produced on agricultural land using short
rotation coppice (SRC). In this case, completely different land useftyplei®mass produc-

tion (forest vs. arable land) must be assessed. Another case is the large numbezrehdiff
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?
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The choice can be between rapeseed or sunflower oil, which aleydultivated in Europe,
imported palm oil, or vegetable oils with special properties (castor oil, palm kernefail).
the task set out in this studyhe first level is therefore only relevant in specific cases.

The second level, on the other handfuadamentally 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 primseilye.

Ideally, these questionshould beanswered using a comprehensive life cycle assessment
(LCAYX, an LCA that integrates all forms of biomass and all uses. However, such work would
be extremely extensive and not feasible within the scopéhstudy. The approach here

is therefore limitedto a selection of criteria and indicators, which nevertheless covers the
range of relevanaspectsand delivers reliable resultQuantifiable variablehave beenin-
cluded, whilea set of selectedriteria that are more difficult to quantifilave beerincluded

with qualitative or semguantitative assessmen{see sectiorB.3).

3.2 Strategies and normative starting points

The proposal for a set of crit@ is based on existing strategic and normative frameworks
The aim is not ta@reate newcriteria, but to establish a soliget for an assessment grid,
based on thesexisting frameworksReferred strategies and normative frameworks,or-
der of importanceare:

The EU Green Deal

The EU Bioeconomy Stratefffor this study, theversion from2018was availablé)

The EU Biodiversity Stratety

The EU Renewable Energy Directive (REB)alsaBox1

The EU Nature Restoration law

The EU LULUCF Regulation

The EU Forest Strategy for 2630

The draft EU Forest Monitoring Law

Tablel summarises the sustainabilitglated aspects hat are featured in the analysed
frameworks.If it containsa clear reference, a tick is placedven if the famework does
not necessarily provide clear measuremg&rnh some cases, the reference to a topic is only
givenindirectly. This is indicated in the table by a tick in brackéte draft EU Forest

0 N o o b~ W

9
;@@n October 21, 2025, the European Parliament voted to

reject the proposalThe grounds for the rejection amncerns regardingverregulationand 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 Lawwas still considered despite its rejectiascriteriausedin this draft legisla-
tion are of interest for our purpose.

Tablel: Themes and issues addressed by existing strategic/normative frameworks
©
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Major themes w » | W ® L w o T LU S =

Food and nutrition security

Resource efficiency

V)

<

Climate protection

Sustainable land use

<l<l< << EU Bioeconomy
<

<
<
<
<
I << <
<

Protection of biodiversity and
ecosystem services

<
<
<

V) V)

< < I <<

Health and environment

Socieeconomic sustainability V V

V/ : theme considered by the framewor@/): theme partly orindirectly 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 pts for sustainability criterial heseare summarised fur-

therin
Table2.

1 Planetary boundarieé h QI F NI 3 wl Yl 3SX HAamo0
1 EU Bioeconomy Monitoring System (BMS)Kilsedar et al., 2021)

1 GBEP Global Bioenergy Partnershfustainability Indicators (GSFAO- GBEP, 2011)
CKAA AYOGSNYylragaAzylrtte 3INBSR R20dzySyid O2yidlAya
ronmental, social and economic; the social and economic indicators have a strong refer-
ence to the situation in developg countries.

n

Ay
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Box1: TheRenewable Energy Directi@EDY; short descriptiorof some core requirements

CKBSYSsol ofS 9y SnEEy «kP¥ NS ONES ¢ R2 LIG SR AydzNRALASH yI
G2 aSdi o0AYRAy3 (I NBSGa TFRND KRSSEKSNIGH (il BNSELY TSy
O2y Syl AyOfdzZRSR (GKS aKINB 2F NBySsl ofySR Sayd3aNi
ONAGSNRI F2NJ oA2FdzSta 2y G(GKS 20KSN®» Ly GKS UN
NEFSNNBR G2 | YA;/)\deYaNﬁi@diQdMRAW2D|¥E2asw\)\ta§¥)\d25
O2y OSN&E ARRWYRZ (KU K | K3A 30KS Sy WMMMMI@MM
¢KS ONRGSNRI | LJLJfé 02 F §BSNBIZZO2 YEA BHEWSWER2 B 26 )
@2t dzyil N2 adaeadaSvao

¢KS UNB iwINRDAANB OledS 69| 0 HamMykKHANAMO 6Fa | R2LI
Hnon FYR FTdzZNIKSNI a3KGiSy GKS NBIdzA NBY Syu F2N

OKlFyaSa AyOf dzRSRY
Renewable energy target for 208 at least 32% b2030.

Promotion of advanced biofuelsy introducing mandatory quotas for advanced biofuels, which are
duced from waste or residues.

Sustainability requirements were extended to solid and gaseous biomass.

The onceptsof Ww Sy S g | 0 tNBn-. QdzS {253 A200 lis Nioduked © integraBbuels Eag)
on green hydrogen.
¢t BASO2yRI ABODGHINBE O PSS 09faHNRDPKIBERONY HAHO |V
GKS |'YOAo2dza 3J2Ffa 2F GKS g&NMBNBEYIiBDNBBEYyHGENE
Increasing the renewable energy target to 42.5%: RED Il sets a target of increasing the share of r
energy to at least 42.5% by 2030, with the option of aiming for 45%.

Binding targetso increase renewable energy use in the transport sett@rder toreduce greenhouse g
(GHG) emissions by at least 14.5% by 2030, compared to a baseline fossil fuel scenario, or by a 2¢
renewable energy in the endse energy consumption by030. The obligations include a minimum 5.
share for advanced biofuels and RFNBOs, with RFMBOisedto make up at least 1% of fuel sales.

Renewable energgourcesn buildings and heating systersball bepromoted byrenewable energy uskr
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 ecosysi
preserve biodiversity.

Obligations on industries, requirirggn annual 1.6% increase in renewable energy use for the period of
2030 and establishing an indicative stalnget for hydrogen to reach 42% of industrial use by 2030 anc
by 2035.

¢KS yARAYWS y3I 3F21t 27F |{HSNEYRE gfyén*ﬂmm&ﬂzamgsafsma
| 26SASME2 YE HE X wOBBHRAQAIY A S uKS NAal LI2aSR oé
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Table2: Themes and issues addressed by indicator systems

Major themes

Planetary EU Bioeconomy GBEP Sustainability
boundaries Monitoring System Indicators

Food and nutrition security

Ensuring Food and Nutri- Price and supply of a natior
tion Security food basket

Resource protection

(indirect) Reducing dependence onProductivity
non-renewable unsustain-Net energy balance
able resources, whether
sourced domestically or
from abroad

Climate protection

dimate change Mitigating and adapting Lifecycle GHG emissions
to climate change

Sustainable land use

Landsystem Primary production sec- Land use and landse

change tors are managed sustain-change related to bioenergy
ably feedstock production
Protection of biodiversity Biosphere Managing Natural Re-  Biological diversity in the
and ecosystem services  integrity sources Sustainably landscape

Ecosystem capacity to
produce services is main-
tained or enhanced

Health and environment

Atmospheric Soil quality Pollutants
aerosols Water use & efficiency, qua
Biochemical flow ity,

Mortality and burden of dis-
ease attributable to indoor
smoke

Novel entities

Socieeconomic
sustainability

Strengthening European Jobs in the bioenergy secto
competitiveness and cre- Bioenergy used to expand ¢
ating job cess to modern energy ser-
vices
Gross valuadded
Energy diversity
Infrastructure and logistics
for distribution of bioenergy
Capacity and flexibility of us
of bioenergy

Source(Richardson et al., 2023Kilsedar et al., 2021jFAO- GBEP, 201 1yompilation 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 thadfas determining

the biomass allocatiomriteria. The criteria differdepending ornthe two levels described
above(1l.assessmentf differenttypes ofbiomass 2. assessmenof differenttypes ofus-

age) The purpose ofable3 s to provide an overview and to specifetherthe proposed
criteriaare relevantof level 1. and/or 2. Each of the listed themes shall be represented by

at last one criterion.

Table3: Suitability of the themes/criteria for use in the tvassessmenevels(biomass type and biomass utilisatjeand pro-
posed criteria

Major theme Relevance for level 1 and/or Level Proposed criteria
Food and nutrition Highly relevant folevel 2 1  Supply scenario compatible with Planetary He
security Diet (PHD), e.g. the Agoranadite neutrality sce-
nario with 8®oof the EU27 population follow
Ftl 5
Resource efficiency Highly relevant folevel 2 2 Appropriate indicator for material or resource i
In particular cases relevant f ficiency representing the biogenic raw materia
level 1 1 consumption considering the preservation of t
material after use and the cascading principle
Climateprotection 2 VT LIINBLINARIFGS AYRAOI latil

GHG balance including a reference system; a
1 considering temporal C storage

Protection of biodi- Highly relevant fotevel 1, 1  Supply scenario compatible with nature protec

versity & ecosystemi.e.the determination of the tion goals;

services sustainably available biomas grassland is preserved;
potential because the core forest area slightly increasexhd management
guestion is: which biomass it extensified

. h | - . :
Sustainable land us(ﬁtro;iuced atwhat total quan 1  Supply scenario confines the area for Food
y: biomass utilisation to the area remaining in the
EU after selsufficiency at 8%PHD.

Health and environ- Highly relevant folevel 2 2  Inview of the broad topic, a selection of out-

ment In particular cases relevant f standing environmental impacts typical of bio-
level 1, eg. for atype of bio- 1 mass is made here, for which a more qualitati
mass with regard on nitroger categorisaion (e.g. strong, medium, no impact
input. made.

Socieeconomic sus-Highly relevant fotevel 2 2  Three criteria proposed:

tainability f Substitution potential by renewable alterne

tives (technical, economical, over time)

1 Connection of biomass use option witifra-
structureissues

1 Crosssectoral benefits vs loeik-effects for
fossil infrastructure

Compilation: ifeu
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Figure2: Suitability of the themes/criteria for use in the tvadlocation levels biomass type and biomass utilisation

25

Level 1: Biomass types/origin Level 2: Biomass utilisation

* Supply/feedstock oriented * Demand oriented

* Needs to be applied for the determination of the * Needsto be applied when different options to us
sustainably available biomass potential. are given for the same type of biomass.

Food and nutrition security
Protection of biodiversity and ecosystem services

Sustainable land use

Material or resource efficiency

GHG emission saving (net balance)

Health and Environment

Socio-economic sustainability

Source: ifeu

Level Icriteria, which are essential to determine the available biomsigsplypotentials
were already applied in the Agora scenarfdgoraAgriculture, 2024)

In the following, the selected indicators are introduced in detaibm a technical perspec-
tive, these criteriaare tobe divided into two different types:

1. Those with quantitative indicators based on a life cycle assessment thaiteeqod-
elling and calculation of the indicator results. These incliae material efficiency
and GHG balanceOn the one hand, thesedicatorsmust be adequate for the com-
plexity of the task at hand; on the other hand, simplifications are necessamep k
the procedure comprehensible and transparent.

2. Those that are evaluated using qualitative or sgumntitative indicators. This re-
quires cleaiand conclusivdines of argumentation. It must be acknowledged that the
areas affected health and environmenand socieeconomic 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 spdtend), environmental media (water, soil, air), flowing
resources (e.g. geothermal, wind, tidal and solar energy) and biodiv@d&t, 2012Most
existingresource indicators refesolelyto raw material consumption or expenditure, such
as:Raw Material Index (RMITotal Material Requirement (TMR), RMaterial Consump-

tion (RMC) or Cumuletl Raw materialDemand (CRD).

In this study however, the biogenic raw material takes centre stage. Thenulated raw
material demand(CRD), shown &RIBigenic can therefore serve as a fundamentally suita-
ble indicator.The concept of the CRD is described as standard method for resource effi-
ciency by thestandard VDI 4800 Part(2DI, 2018)
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As arule, 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 studythe correct approach would be one that also recognisesrémainingraw
material potentialpost primaryuse. As this question arises again at the end of use of a sec-
ondary product, a multstage cascade utilisation can also be evaluated in this way.

To handle this, aaw material conservation facto(RCF) is introducedhis 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 botls,daseraw
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 solvedgisomplex system expansions. For the task at
hand, such complex analyses are not an option. A simplification is required here, and the
RCF offers one

Figure3 showsthe principle of the RCF, illustrating a generic simplified value chain and the
derived RCHirstly, the CBhiogenicmust generally be calculated for the raw material quantity
required for the product, taking processing losses into account. In the dasepsoducts

and coproducts, 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 pesbnsumer waste), this iscluded in the RCF, which is
0KSy dzaSR (2 OF f O deet liitle matéidl is acSldhFeBavailabl@ &ftér / w5
use (e.g. through incineration), the RCF is Zerthe given example iRigure3, 50%0f the

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

Figure3: The principle of the raw material conservation factor (RCF)

\EREIE RS Secondary raw OTS ke
: Product ilicati i .
Primary raw utilisation material |
material

Raw material conservation factor:

Material loss due to 0.5kg/1kg=0.5
production and utilisation

Source andlustration: ifeu

Particularattention must be paid to the assessment of waste and residues. According to VDI
standard4800Part2 (2018) secondary raw materials are only taken into account with their
transport and processing costdowever, by introducing the raw material conservation fac-

tor (RCE)which takes into account how much of the raw material originally used is still
available for further usat the end of a biomass product's utilisation cy@ensistency with

the assessma for waste material€anbe 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
mug therefore also beeported butare listed separately as such.
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Box2: Proposal of a raw material efficiency criterion

¢ KS | LILINF Wbk 3 RaF o LINKESLIZ2 & S & F oFaArd | LIWNRIF OK ol
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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 particularlyftnubioeconomy
measures, as their main justification lies in the expected savings @nlgoeise gases and
role ascarbon sinks?. There are numerous methodological standards for balancing green-
house gas emission§hese are an integral part of life cycle assessments and there are in-
ternational standards and specifications such&@ 140672018) the Greenhouse Gas Pro-
tocol (WRI & WBCSD, 20X)d RED II/1f

For the assessment of this criteripwe consider thathe following principlesthat are gen-
erally applicableto 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 bé&d of a producfor 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 basedkgrClin the product (which is the fuel

in the case of bioenergy).

When comparinglifferent 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

10 ¢Carbon sink refers to any system, natural or artificial, that absorbs more carbon dioxigdr@®Othe
atmosphere than it releases, thereby redugithe 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. Artificiahcsintks or industrial
removals involve technologies that capture Jm the atmosphere and store it in underground for-
mations or in other secure locatioh§Eurostat, 2024a)

11 see footnoteFehler! Textmarke nicht definiert.
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purposes is iadmissible 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 cyceadle to gravi which ends with the utilisation
of biomass for engy purposesn most caseand requires a definition of the positili-
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.

Emissiondrom 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 wih the GHG calculation method under REIHowever, it should be noted that

the electricitybased production options in the reference system are associated with com-
paratively higher infrastructure costs than fossil and biorHzssed systemg@Matthes et

al., 2017)

The handling obiogenic carbonrequires special consideration. The ISO standard on the
carbon footprint (ISO 14067, 2018equires a separate balance for the uptake of,CO
through plant growtione the one handand emissions at the end of thxo-basedproduct's

life on the other handUptake and emission are not in balance, as the annually compiled
national emission inventories for the LULUCF sector savion dioxide removal (CDR)
has to be considered with care, since storage effects can last for different periods of time
and often orty for a very short timelSO14067 only allows forconsideration of storage
facilities with a product life of more than 10 yealk4oreover, the storage effect of stalled
nature-based solutions (NbS) ateo complicated to be directly attributed to prodts.
Sources and sinks are therefore included in the balance here for the following aspects:

Emission/removal effects in the LULUCF contextatedirectly includedg not even in

the context of harvested wood products; however, to consider the appardférdnce
between storage of carbon in products and the immediate emission ef @ian bio-
mass is combusted, these g€nissions are included.

The scientific background for this approach is provide&binakallio et al2022)who
examined 45 international forest simulation studies on boreal and &nawe forestsand
analysedthe extent to which the sink capacity of the forest changes depending on the
management intensityThey derived an averageQ storage balanceof 1.2 tonnes CO
per m3 harvestedvood.

Based on thisHennenberg et ak2024)conclude that the product GHG balance should
at least be extended tinclude the C@combustion emissions of woodf results are to

be used in decisiemaking on the use of wood energy to achieve national GHG targets.

On the other hand, future bioenergy utilisation could be associated gdthon captir-
ing technologywhere this proves practicable. Lotgym storage (bioenergy, carbon cap-
ture and storage; BECQSwould eliminate the C£emissions that would otherwise be
released from burning wood. The situation is different if the capturedi€@tilised (bi-
oenergy, carbon capture and ugdBECC)J

Longterm storage (BECCS) would eliminate the &®@issions that would otherwise be
released from burning wood. This is not the case if the capturedsQ@ilised (BECCU),
as the removal from the atmosphelis only shorterm. In addition, instead of the GO
captured from biomass combustion, £€an also be extracted directly from the air
which is currentlyfesseconomical due to the significantly higher costs compared tp CO
that can be more easily captured from a&@®@h (exhaust) gas. However, the net effect
of BECClih terms of C@in the atmosphere is not given.
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In a different context and as for all the criteria considered heretithe horizonis a decisive
factor forthe 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 substitutitretyio-

mass product is assumed. In therrent status quo, it can be assumed in many cases that
an increasingqiumber of bio-basedproducts will replace productisased on fossil carbon

Due to the defossilisation tlis will not occur solely as a result dfe growth of the bioecon-

omy, competition with other renewable production systems, e.g. based on green hydrogen
and CQfrom the air, secalled PtGLS,can be increasingly assumed in the future.

Assumptions are therefore made on the development of GHGstomis from the biomass
system and the reference system along annual slices (sesedson3.4).

Box3: Proposal of @limate protection criterion
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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 boundari€Bhese in turn go hand in hand with the biodiversity strat-
egy, such as the goal of reducing the use of pesticides by &®6h was also confirmed by

the CDBCOP 15 agreement in Montreal in 20@2BD, 2023)The concept of planetary
boundariegRichardson et al., 2028hould also béaken into consideration, which include

2 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 GOfor both energy(e.g. the secalled efuels)and material utilisatior{e.g. hydrogen for syn-
thesis and hydrocarbons)
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Change in biogeochemical cycles (especially nitrogaiready classified as relevant for
biodiversity and less relevant for the typf 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 boundarieare in the safe operating spacaccording toRichardson et al.
(2023)and are therefore not seen as fundamentally urgent here. However, in view of the
contribution of solid biomass combustion particulate matter pollution, this criterion may

be of particular importance for the assessment in the bioeconomy.

Overloading vih novel substanceson the other hand, is clearly above the uncertainty
range?® although considerable uncertaintieemain,regarding the exaanethod of assess-
ment. A criterion based on this planetary boundary may be relevdrgn investigating
(bio)technically produced biomass. However, methodological developments are still re-
quired for a reliable assessment. Thus, a npralitative criterionwill be formulated here.

Moreover, a justifiable detection @nother particularly environmentally harmful ef€t as-
sociated with biomass production shall be considerea@Hbyird score within this criterion
as explained iBox4.

Box4: Proposal of a criterion for the assessment of hea#itated environmental impacts
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13 The planetary boundargystem defines asafe operating spageandthe dzone of risk which may de-
velop toa chigh risk zon& someof the nine categorieare assessed in the inteediatebetween safe zone
andrisk zoneg KA OK A & ubcer@iBtf ran§éR | &
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3.3.4 Socieeconomic sustainability

Like the previous criterion, this encompasses a broad framework. Similarly, various indica-
tors are summarised here that describe the seegmnomic aspects of alternative biomass
use.As outlined ifrable3 this study has iderfied three appropriate sub criterijaddressing

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

Is a substitutiorwith renewable alternaties possible; 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 csEdor benefits without loclin-ef-
fects for fossil infrastructure?

Thepossiblesubstitution of a reference productvith bio-basedproducts plays a decisive

role in the GHG balance. However, it atagses another questiarto whichextentis the

biomass product to be classified as "without alternative" foffdssilisaton. These consid-
erations also play a role in European legislation (RED lll, ReFuelEU Aviation and FuelEU Mar-
itime), where advanced biofuels or electriclipsed fuels in the aviation sector (SAR)e
prioritised through quota obligations® The reasonbeing that, unlike grounebased
transport, fuetbased propulsion is more difficult to replace with battegctric alterna-

tivesfor long hauls

Furtherreference can be made to thecommendations for action to implement the Na-
tional Bioeconany Strategy (BMBF, 2020)of the German Bioeconomy Council
(Biookonomierat, 2023Wwhere it was concluded that:

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

Efficiency increaseas well aschanges in user behaviour within bioeconomic fields of
action, includingsufficiency, can reduce the pressure to use biogenic raw materials.

Two further sub criteriaelate toinfrastructure, and the question: how is the biomass use
option deperdent oninfrastructure? This brings up questions such as the price and effort
required to mobilise theespectivebiomass, the amount of new infrastructure needed and
whether investments that depend on losigrm use can be made reliablinfrastructure
includes not only the facilities fothe conversion ofbiomass but alsdor extraction,
transport, storage and preatment.

Furthermore, it must be taken into consideratiomhether the type of biomass utilisation
leads to the maintenance of existing fossil infrastructure or makes it necessary and justifies
its maintenance. Sudbck-in effectscan ultimately be key aiacles to the transformation

to a climateneutral economy.

14 SAF: Sustainable Aviation Fuel

15 The FuelEU maritiméRegulation(EU) 2023/1805})elies on GHG reduction quotas and equaeHG
emissions for biofuels from food and feed crops with those from fossil foalgither words it excludes
these biofuelsdrticle 10, paragraph 1a)
https://eur-lex.europa.eu/legatontent/EN/TXT/PDF/?uri=CELEX:32023R1805
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Box5: Proposal of a criterion for socieconomic sustainability
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3.4 Temporaldimension 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 becostlierand less resourcefficient now than in the future. And it might be less GHG
intensive as well as overall less harmful to the environnierhe future (due to enhanced
emission standards). Investing in advanced technologies is also likely to be moeedfieost
cient in the future, given, investments are made in systems at an early stage.

Secondlythe substitution potential also changes over time. With decarbonisalimbased
products and bioenergy will no longer replace feasdlledsystems butvill rather compete

with systems based on other renewable sources such as green hydrogen afrdr@@he

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 tintet only shedslight on the dynamic change in

the resource economy and how valuation adapts or chaagesrdingly butilsoenables an
assessment to be made of decisions on action and investment that may make sense today
and in the future.

Table4 summarises the premises with which the individual criteria are defined along the
time axis from 2020 to 205F.or each criterion, the extent to which it applies to the refer-
ence year in qugtion isconsidered Depending on the criterion, a distinction must also be
made as to which specific product is involved. Energy prodnottbe assessed differently
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than material products as far as the timeline is concerned. It may also be necesslifry to
ferentiate further within the product groups (e.g. in the case of heat between space heat
and process het®

The figures imMable4 are expressed in percenthese are to be applied differently or spe-
cifically for the various criteria. The following appliesdsource efficiencythe raw mate-

rial requirement taken from current data is reduced across the board for all products by the
specified percentage valu&he easonis. process efficiency generally increases over time.
The same applies to thelimate protection criterion regarding process emissions. Field
emissions (BD) from cultivated biomass are reduced to a lesser extent. The percentage val-
ues for substution, which indicate the proportion of fossil and renewable Amngenic al-
ternatives, are to be understood differently. For example, %00ssil fuels and @ e-fuel

are entered for 2020, which means that the 10@atio of these two alternative produst

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 thererm@e technical challenges here
andthe costs of noffossil alternatives are higher compared to energy use, but the incen-
tives are lower.

The criteria forhealth and environmentindicate reduction factors compared to the
2020/25 baseline. For fine partictéss, 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 $ also required here. Emissions will remain primarily in the decentralised
domestic heating sector, while quaggro emissions can also be expected for industrial heat.
For calculation purposes, a score of e.g. 1 in 2020/25 and a percentage value%fe: 10
duction in emissions is counted as 0.9.

For thesocioeconomic criterig the percentage values are already applied in 2020/25 and
basically already reflect the score result here, a &echnical and economic substitution
relevance) or +1 (infrastructa, lockin) must be used as the basic value throughout. For
electricity, for example, the 2@in the aspect of technical substitution relevance in 2020/25
means a score 60.2, while for new infrastructure the 30counts for a score of +0.5. Thus,
the utilisationrelated 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 peday, not fully & 20%), since grids need

to be enhanced and electricity storages implementBg. the year 2035, it is antici-
pated that all technical barriers will have been eliminated. It is evident that economic
availability is lagging slightly behirglyen that full renewability (excluding bioenergy)

is approximately 2&more expensive.

For heat, alternatives are partly given per today $0%), 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 haindustry 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 eergy demand in the miterm; on the other sidethe aviationand

16 Space heaincludes heat in commercial buildings offices, while process heat is required by industrial
processes and usually requires higher temperatures
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maritime sectorneedto be considered separatelyhe figures imable4 give a blend
of both.

Feedstock foiorganicchemicals 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 producghough 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 tdtresu
in a decline in demand for woelosed fibre productsHowever increasing demands
for packaging material can be observed and will be liteelyrow even furtherdue to

the continued rise oé-commerce(Material Economics, 2021For textiles, onhNCQ-
based solutions will beelevant as alternatives to conventional produgtee also
chemicals).

Timber application ithe constructionand furniture sector will be the hardest to be
replaced. Construction material based on climate neutral steetaorcrete are as-
sumed to be more expensive than simple timber (even if produced from broadleaf
wood). For furniture, also climate neutral metals or.®@sed synthetic materials will

be needed.

New infrastructure needed anpotential lockin effects:

Mostly, infrastructure for electricity from solid biomass is established and will need
less additional infrastructure in futurdhe opposite applies to the lodk effect for
biomethane, where fossil infrastructure (natural gas grid) must be maintained to sup-
ply the gas power plantd’he same applies to heathereby different types of heat
are to be differentiated, such as higémperature process hedbr industry, district
heating orspaceheatingin households

The situation is similar for fuels, where baibpects are more noticeable: on the one
hand, advanced biofuels require extensive new infrastructure unless they are (able to
be) integrated into existing refinery structures throughmmcessing (lockn). In ad-
dition, the continued existence of fuel thithe combustion engine slows down the
transition to emobility.

The same is true for chemicals: on the one hand, these could be easily integrated into
the existing infrastructure through eprocessingOn the other handto avoid lockn
effects, extensie new infrastructurdés needed.

Biomass use in fibre production is well established, some new ways of textile produc-
tion areemergingwith low presence on the market baretechnically well developed.
Therefore, no new infrastructure is needetkthe exsting infrastructure is not a fossil
fuel-based one, hardly any lodk 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 softwoodgiires a certain
amount of new processing technology and thus infrastructittewever, this applies
only to a limited extent.

Reading aid fofable4: The reference is alwaye the 2020/25score if a percentage reduction in the initial
score is specified for a subsequent year, the initial score must be reduced accordingly:

Example: resurce 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 (103%%0)).

The GHG emission figure, on the other hand, expresses the change compared to the basadinexaahple:

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 409

).

=)
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Table4: Premises and specifications for the application of the individual criteria along the timeani2020 to 2050the
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

ReductionsurplusProducts with 0% 10%2  20%°  30%D  40%P 50%
biomass demancprocess losses

Climate protection

GHG emission GHG eission  All products 100%?  80%™  60%°  40%D  20%" 10%
biomass produc-from processing

onanduse o4 emission Agricult products  100%°  90%°  80%6Y  70%"  60%"  50%

Substituted Fuel substitutionFossil energy 100% 90% 80% 50% 20% 0%

product e-fuel 0% 10% 20% 50% 20% 100%
Chem. feedstockFossil 100% 90% 80% 50% 20% 0%
substitution CQ-based 0% 10% 20% 50% 20% 100%
Fibre material  Fossil 1006 100 90% 70% 30% 0%
substitution CQ-based 0% 0% 10% 30% 70% 100%
Timber Fossil/mineral 100% 100% 90% 70% 30% 0%
substitution Hz- CCS based 0% 0% 10% 30% 70% 100%

Health and environment

Fine particulatesEmission Processing: 0% 10% 30% 50% 80% 100%
Reduction Energy use: 10%°  20%®  30%P  40% 50%

Novel Reduction of 0%? 10%°  20%°  30%D  40%P 50%

substances hazard

Other General red 0%? 10%®  20%°  30%D  40%P 50%

Socieeconomic criteria

Renewable alter: Electricity 20% 10% 0% 0% 0% 0%
. hni-
natives techni Heat c) 50% 30%  10% 0% 0% 0%
cally not availabl
Fuel® 50% 40% 20% 10% 0% 0%
Chemicals 95% 90% 60% 40% 20% 0%
Fibre® 100% 90% 80% 50% 20% 0%
Timber 100% 90% 80% 50% 20% 0%
Renewable alter: Electricity 20% 10% 0% 0% 0% 0%
natives economt Heat® 7%  50%  20%  10% 0% 0%
cally not availabl
Fuel® 50% 40% 20% 10% 0% 0%
Chemicals 100% 90% 80% 70% 60% 50%
Fibre® 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- Electricity 50% 40% 20% 0% 0% 0%
ture needed Heat? 500670% 40%50% 20% 0% 0% 0%
Fuel 100% 80% 50% 20% 10% 0%
Chemicals 100% 80% 50% 20% 10% 0%
Fibre® 0% 0% 0% 0% 0% 0%
Timber 20% 20% 10% 0% 0% 0%
Fossil lockn Electricity 50% 40% 20% 0% 0% 0%
Heat® 50% 40% 20% 0% 0% 0%
Fuel® 100% 80% 50% 20% 10% 0%
Chemicals 100 80% 50% 20% 10% 0%
Fibre® 0% 0% 0% 0% 0% 0%
Timber 0% 0% 0% 0% 0% 0%

a) According to current data from literature

b) Linearregression from 2025 until 2050 assumed

c) Ahigherdifferentiationis required with regard to houdeeating district heating and industrial
process heat

d) Ahigher differentiation is required with regard to rdashipping and aviation

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

3.5 Additional criteria forassessindpiomass types
(level 1)

As explained ifthapter 3 (seeTable3), there are furtherhighly relevant criterionfor the
assessment of sustainable biomagsduction and useThese 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)edes-
saryfor evaluatirg 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 us&iven the context, thecenarioby Agora Agriculturgé2024) con-
siders:

Restrictions concerning a diet shift (assuming 80% of the EU27 population follow the plan-
etary health diet(seeBox5 in section6.1.3
Land use and biodiversity protection:by

reducing the removal of wood frofiorests,

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 nonfood biomass by narrowing down the sustainable potential for supply, the question
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remains: what kind of biomass should be produced oAgMentioned above, thecenario

by Agora Agriculturg2024)has already answered this question jpseferringwood from
SRClt 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 are proposed foProtection of biodiversity & ecosystem
servicesandSustainable land usas defined inrables.

Table5: Additional criteria at level 1 attributing scores for different types of laisé and crops considering impacts
Criterion Aspects Types of landuse and crops Score
Protection of  Impacts of cultiva- No crop and no agricultural residue 0
biodiversity & tion (agriculture) Agricultural residue
si((::(;ssystem ser- Perennial crop, low input of fertilizer/pesticides 1
Annual crop, low monoculture* risk 2
Standard annual crop, 3
Perennial crop, high monoculture* risk 4
Annual crop, high monoculture* Ks S
Sustainable Risk of (indect) Crop classified as loWUGrisk** 0
land use land-use change Crop classified dsgh-ILUGrisk** 2.5

* The term "monoculture” is used in accordance with the FAO definition: growing only one crop on the land in a given crog
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 contexofr ar
ten grown in short or no crop rotations, such as maize, wheahpeseed.

Low monoculture risk applies to crops that covemaaller proportion and are therefore less likely to occur in large, widespree
cultures, such as barley or woody plants or grasses in the agricultural landscape.

** low -iLUGCrisk follows the definition according to the RED lIl article 2.(37
*** high-iLUC risk as defined according to Commission Delegated Regulation (EU) 2019/807

Source: ifeu

The scoregivenin Table5 are higher as the intensity of land uisereases. 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 are&rops receive between 2 (Perennial crop, low input of
fertilizer/pesticides) and 5 scores (Annual crop, high monoculture fitlak, the scaling of

the scores takes into account that, on the one hand, there is a factor greater than 2 between
annual cropge.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 leveb2 carto

15 scores. A quarter contribution to merging the two levels therefore seems more than ap-
propriate.

In principle, the assessment of individual competing typdsiamhassesn terms of sustain-

ability is a very complex exerciddowever, we are dealg with individual special cases, so

that a comprehensive system does not appear appropriate here. Thus, the focus is on a small
number of key indicatorsSeveral other criteria would be conceivable, such as land
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such additional indicators are not included in this assessntamthermore, the approach

here is limited to agricultural biomass for two reasons: firstly, the question of foresgri-

cultural land isnot under discussion here. Land udeange is considered as a specific risk

aspect of agricultural crops. And the change from annual arable farming to SRC means a

change within theexistingagricultural area.

3.6 Additional criteria forassessingligestible wastes
and residues

When the demand fosubstratedor digestion and biogas producti@xceeds thevailable
technical potential a hierarchy of use is requireds some biogas sources are associated
with further benefits for the economy even with higher investment costs, economic aspects
are essentially taken into accourithe following criteria are therefore defined for this pur-
pose:

Technical hierarchys collection and digestioconsidered athe preferredtreatment for
the respectivewvaste or residudérom a technical point of vie

Economic constraintdAre there specific factors that make the fermentation of the cor-
responding feedstock expensive? If so, are there factors that make this typsatohent
economically necessary for other social reasons (secondary benefits)?

Alternative usesEven ifdigestion § considered as a technically suitable treatment for
the respective feedstockre there other treatment options to value the respective weast
or residue?

Residues and waste types to be evaluated are divided into two priority levelarfd )
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 biogasduction:

Hierarchy 3 x

Hierarchy 2 x

Hierarchyl x  or only
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3.7 Approach forthe allocation d biomass volumes
along the merit order

To complete theallocationprocedurethe quantities available from the biomass typa®

to be assignedlong the merit order of ladder3his is initially donby simplyallocating the

type of biomass to the type of use for which it receives the best ranking. If, after covering
the demand fo this use, a residual amount of this type of biomass remains, this residual
amount is allocated to the next besanked uself the volumeof the preferred biomass

not sufficient tocoverthe demand for a particular use, this demand is covered by the b
masses lower down in thadderc 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 thatrankingcriteriaand consequently

the merit orderprovide guidancendwe do not claim to cover all arguments for or against
a particular use of biomasshe extensive field of biomass is far too diverse and complex for
that.

When allocating according to the simple meniter 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, loweanked biomass. Aspects of special technical suit-
ability can be used as dsaie argumentsvhen allocating used his prevents more suitable

raw materials from being allocated in an unsuitable way simply because the merit order is
strictly followed.Case by caseytther argumentsnayberequired forindividualallocation.

The alleation according to this procedure is carried out in secidh

3.8 Definition and granularity of the biomass types and
uses

The previous section already shows a nemdnore 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 transparencyThefollowing points must be explicitly clarified in advance

M K {eLiSa 2FF N 2Ny @fadzZRSR Ay (GKS Iyl feara

O2y OSLJidz f f @K ¢KS GSNXa&a dzaSR Ay LINY Osa OS

39

YAadzyRSNEGEFYRAYy3az Of SFNJ iSNX¥Ya yR RSUyAes2ya

HP O AKGIASE 2F1F BB YHAS | SN RS AR OB YBISRSNI a2y SO f dzl
KAIK 3ANI ydz I NAGe Oly Straate €SIER G2 | FI f

RSUyS GKS NRIK(G fS@St IyR (2 2dzaes¥e AlGO®

Table6 presents the main categories and the more differentiated types of biomass included
under them, as used in this studgubsequentlyTable7 provides a derivation of the rea-
sonable granularity of biomass types for this task efdtudy, whileTable8 contains a pro-
posal for the granularity of biomass u&nth tables show possible levels of granularity and
summarises the reasons for choosing this study.
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Box6: Defintion of the basic unifWhfor all quantitative entries in this study regarding biomass
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Table6: Definitions of biomass types used in this studynts andcategories 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

al Ay ORF DNI ydz F NAdGe & | LIXASR Ay (KA&a &ddzRe
oA2Yl &a

C2NBaul 0Og Roundwood is represented by the Timber/logs and Industry wood, also including wt
from salvage loggings
sawable roundwood is oftertermed as stemwood, while wood from salvage logging is
also classified as residues (see below).

1 (Co)products from processing logs in sawmills is represented by Sawn wood and
by-products,g 2 2 R A Kl @Ay 34

1 Forest residues are considered as a generic category without any further differentia
justreferring to size (other usué#em: smallwood); In other definition schemes, salvag
logging is also classified as residues, but this contradicts the fact that this wood is ¢
stemwood, which is suitable for industrial wood, for the usual purposes of fibre, and
somecasesevenfor sawmills
Fores residues aranajorlyused in combination with Industry wood.

t NA Yl NE ¢ For starchand oilplants, specific species were selected for the analysis: wheat (s

I INR Odzt i rapeseed and palm oil (both gilants).
OAZ2Yl aay

1 Green plantsgrassesandshort rotation coppice are covered as generic categories.

I ANR Odzt g | | NBS&G NB&ARISE  NB NBLNBaSyidsSR oe |
NS aARdzSa

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

1 Catch cropg technically primary biomasé$ut classified as agricultural residues under
definitions of RED Il and IlI.

0

Z
Eﬁ) ety
-

Process waste from industry is subdivided into Animal fat, Brown grease and Ofeod
(all Food industry), Black liquor (Paper industry), and Sewage sludge (wastewate
ment).

D¢ R
> ()
O Z
o
N
(RN
Q)¢

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

1 Municipal waste covers mixed household waste, biowaste (sdactions 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 assumedtableover the period.
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Table7: Granularity of biomass typespossible levels and founded decision on how to handle granularity for this task

Note: Blue bold indicatesthe proposed level of granularityf biomass typeseleced and definedfor the Allocation Guide, or laddersjghtblue indicatesthe proposed level of granularity
for the assessment and the allocation of use in this st@lyey mld indicatesterm of rdevance, bunot appliedascategory for the Allocation Guide, or ladders
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18 RED Il Annex Xa® A (d): Biomass fraction of industrial waste not fit for use in the food or feed chain, including material from retati@adale and the agrtpod and fish and aquaculture
industry, and excluding feedstocks listed in part B of this Annex;
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Table8: Granularity of biomass usgpossible levels and founded decision on how to handle granularity for this task

Note: Blue boldmarked: indicates the proposed level of granularity for a selection of main uses as illustrated in the Allocation Gaildie)t Ight bluemarked: indicates the pro-
posed level of granularity for the assessment and the allocation of use in this &uglypoldmarked: term of relevance, but not applied as category for the Allocation Guide, or
ladders
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4 Application of theassessmentriteria

This chapter sets out the merit order of the various possible uses of different typaes-of b
masshy the criteriabasedassessment involving the awarding of scorEse merit orders
are presented in the form of ladders that display the rankings according tosaesrded

The assessmeli made in groups according to the type and origin of biomass, as these are
largely produced independentfyom each other. Waste and residues have a special position
here, as theyare dependenton the previous utilisation of primary biomass (e.g. useddyoo
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, thmerit orderof biomass uses is germed according to

the following biomass typesorestrybiomassagricultural crops and agricultural wooaly-
ricultural residues and wastes, and other waste types.

The final allocation, i.e. the distribution of biomass according to its availabiligdb@sthe
merit order, is covered ithapter 6, specifically.2. There, the various types of biomass,
some of whichare applicabldor similar uses, are allocated in the ovesglenario

4.1 Foresthiomass

This category includdogs and industrial wood removed from the forestd also includes
the by-products of wood processingxcluded are used wood as pasinsumer wastesee
section4.3) and also residual materidiom wood processinthat no longer have the char-
acter of wood, such as black liquseé sectiort.3.4). Table9 summarises the forest wood
categories assessed in this section and their utilisation options.

Figure4 shows the results for each of the four basic criteria over tapplied todifferent
options to use forest woodl hedetailedscores justificationand thesupportingdatabases
are listed in full in the appendix.

Thescores for the investigated use casge comparatively close in terms &w material
efficiency. Biduels based on wood are least efficient due to high material losses during the
production processSimilar losses occwhen producing chemicalbut they retainthe ma-

terial after use and allow cascading ufe.increase of material efficiency is assunteth

for biofuels and chemicabnd therefore, the scoreisnproveover time. Any kind of heat or
electricity use is rather efficient, since there are nearly no processing losses. However, there
is nomaterialretention. Unlike timber, particle boards, pufaper and textiles are close to

the zero line.
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Table9: Forest wood categories and their use in different applications

Timber, logs  Industry Forest Industrial wood
(sawn wood) wood residues® residues®

Material use

Construction wood X

Solid wood furniture X

Particle board (construction)

Pulp / paper

Textile fibres from wood

X | X | X | X
X | X | X | X

Basic chemicals

Energetic use

Advanced ofuel for roadtransport

Advanced biofuefor aviation

Advanced biofuéfor shipping

Direct thermal use for industry heat

X | X | X | X]|X

Direct thermal use district heating

Direct thermal use heating (space he

X | X[ X | X|X|X|X
X | X[ X | X|X|X|X

Direct thermal use electricity by
combustion in power plants

a) Forest wood not used for sawmills, but with a diameter >7 cm; see also definittattion3.8,

b) See definition irsection3.8, Forest wood with a diameter <7 cm, including bark, branchesnetrmally
left in the forest after harvesting timber

¢) Coproducts of wood processing, e.g. saw dust, wood shavings, offcuts.

The criterionGHG savinghows rather wide rangesf the scores for the investigated use
cases The favourite options displaygative scores, because their emissions are lower than
the emissions saved by the substituted produebr example, construction wood in 2020:
the production of one kilogram of construction wood causes Bg.8Geq. In addition, ma-
terial loss of woodeyond the byproducts used is taken into account, which also amounts
to 0.18kg C@eq. On the other hand, fat kgof construction wood, a substitution of struc-
tural steel and concrete amounting tol8kg CQeq is offset. The sum of the debit and credit
is-2.64kg CQeq. In the period up to 2050, the credit will decreasetlaes production of
structural steel and concrete also becostewer in emissions. A load of only 0.63 CGeq

will then be offset by a credit of 1.38 kg £@, for a total of1.27 kgCQeq per kg of con-
struction wood.

In most of the cases considered, it can be stbethe scoregend to deteriorate over time.

As indicated, his is due to the fact that the substituted products are still predominantly
fossitbased today, but bidvasedproducts 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. Thewill then catch up with the various energy uses. Furniture and
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chipboard are around the zero line. For wedd- & S R
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to that zero line but improveantil 2040. Timber for construction has the best GHG balance
in 2020,then aligns with the results of pulp and paper over time.

Other environmental impactgive 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 vaious options. As a result, there are no major differences between uses.

Resulting scores for different options to use forestod according to the foucriteria overtime.
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Thesociceconomic aspectshow clear differences in 2020, which will largely level out by
2050. This applies to biofuels for road transport, which are still rated significantly worse
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 payplpr
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and textiles already have very good scores in 2020. Howevese twél 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, apaom CQ, no other renewable resource is availa-
ble.

Figure5 combines all the results into ordiagram Roughly speaking, this picture can be
described as follows: Firstly, the range narrows somewhat over time, but the differences
between the options arsstill 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 chemitascurve takes a special
couse: they initially start out less favourably than electricity and heat but then perform
better from 2040 onwards.

Figureb: Aggregated scores for Forest Wood use Over Time.
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Source: ifeu; note: higher scores with positive siginlass favourable (equivalent with burdens) than low
scores and negative signs (equivalent with relief).

Figure6 shows the result again in the form of a ranking foe period from2020to 2025

and the year 2050Ascan be seenthe ranking otextiles, chemicals and electricibas im-
provedover the years, whiléhe ranking ouisessuch apulp and paperprocess heatbelow
500°Q and space heatinlgas worsenedlightly. The material utilisation options clearly lead,
especially construction wood (timber). Only chemicals are in the bottom #iitHe start

i.e. behind direct energy utilisation for heat and electricity. As alreaghjained, this is due

to the comparatively high material losses along the process chifis.isvhy woodbased
biofuels are even further down the list, as the bonus of material conservation compared to
chemicals does not apply.

It is apparent that theange 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 (iofuel, road from +7.8 to +3). 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 fossibed feedstocksithe
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 alternativedookin will
weaken over time. All in all, this leads to a reduction in the differences between the options

in the future.

Figure6: Aggregated scores for Forest Wood Use in 2020/25 and 2050.
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TablelO: Summaryfor forest wood; nerit orderfor mainusesbased orthe criteriafor the year 2020/2%nd for the year 2050
Score  Forest wood used for Usecategory 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 (woodibre) Material use  Industry wood
-1.0 Particle board Material use  Industry wood
Process heat (>500°C) Energy use Ind. wood & residues
Processeat (<500°C) Energy use Ind. wood & residues
Chemicals, biomethanol via gasification Material use  Industry wood
District heating Energy use Ind. wood & residues
Space heating Energy use Industry wood
Electricity Energy use Ind. wood & residues
6.7  Aviation/shipping adv. biofuel, biomethanol via gasifion Energy use Industry wood
7.8 Road transport adv. biofuel, bicgthanol 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
Chemicals, biomethanol via gasification Material use  Industry wood
Process heat (>500°C) Energy use Ind. wood & residues
District heating Energy use Ind. wood & residues
Process heat (<500°C) Energy use Ind. wood & residues
Electricity Energy use Ind. wood & residues
Space heating Energy use Industry wood
4.6  Aviation adv. biofuel, biomethanela gasification Energy use Industry wood
50 Shippingadv. biofuel, biorethanol viagasification Energy use Industry wood
5.1 Road transport, adv. biofuel, biegthanol via gasification Energy use Industry wood

Source: ifeu; note: higher scores with positive sign are less favourable (equivalent with burdens) than low
scores andhegative signs (equivalent with relief).
Rated use options am@ssigned t@roups (see score):

greenfavourable: <0 score;
rather unfavourable: 2- <4 score;

red unfavourable: >4 score

rather favourable: 0- <2 score;
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4.2 Primary aricultural biomass

This category includesgricultural crops anagricultural wood Catch crops are excluded
here as a convention under RED Il and Ill, which do not require additional land use for this
type of biomassThey are therefore categorized as agricultural residues (se€lalse?).

In addition to the previous assessment of forest wood, agricultural biomass is assessed not
only at the level of use (level 2, in sectii2.1), but also at the level of biomass type (level
1, in sectio.2.2).

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

The Agora scenario only includes wood from the cultivation of statétion 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 othemnaterials 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:

Qil crops,with a focus orrapeseedthough resultsare transferable for sunflower and
partly transferablefor soybean Palmoil wouldrequire a specific assessme(European
Biomass Industry Association, 2025)

Sarch 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 issidared, majorly represented by SRC

but also representing wood from agroforestry and paludicultiach woody biomass can

be used for all wood applications already assessed under forest vegatiqn4.1), 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 biom&skey 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.

Tablel1l summarises the agricultural raw material categories assessed in this section as-
signed to possible utilisation options.

Figure7 shows the results of the application dfe allocation criteria differentiated accord-
ing to the individual criteriaThe scoresnd how they were obtained, as well e data-
bases are listed in full in the appendin.the summarised illustrations irigure8, the uni-
form scale clearly shows the different ranges in the results.

As for forest wood, the ranges in the criterioewv material efficiencyare comparatively
narrow. Biofuels from wood are also rathanfavourable here because of thelatively high
material losses in the production process. Wdmked chemicals score better due to the

2REDLLL RSTAySa (KSa 4 a3INF&dae SySNHe ONRLE ¢AGK | €26 adl NI
YAAOlIyiKdza 3IAlLyid OFySéeéT INIAOES W 6nHOOD
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preservation of the material and will equalise with electricity/ heat and biofuels from crops
by 2050. The latter twbenefit from the comparatively high material efficiency in consump-
tion, with oils performing better than ethanol (GWss, but this will be offset by GQe-
mand in the future). Oils for oleochemicals are the most advantageous here.

Tablell: Categories of agricultural cropesgricultural woodand perennial grassemd their possible use in different applica-
tions

Vegetable Starch Agriwood®  Perennial grasses
oil @ (sugar)?  (lignocellulose) (lignocellulose)
Material use
Pulp / paper X X
Textile fibres from wood X X
Technical starch X X
Basic chemicals (incl. oleochemicals X X X
Energetic use
Biofuel for road transport X X X X
(conventional] (conventional) (advanced) (advanced)
Biofuel for aviation transport X X X
(conventional (advanced) (advanced)
Biofuel for maritime transport X X X
(conventional (advanced) (advanced)
Direct thermal use for industry heat X X
Direct thermal use district heating X X
Direct thermal use heating (space he
Direct thermal use electricity by com- X X

bustion in power plants

a) In Europemajorly,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 algomoforestryand pdudiculture.

RegardingsHG savinghe ranges here are somewhat narrower than for forest wood. This
is because, unlike with wood, no £€missions 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 dwvee, because the credits from sub-
stitution become smaér. Otherwise, the results for products made from agricultural wood
are the same as those for forest wood. Products from oil and starch plants (for cheasical
well as for biofuel) havthe 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. Wdiatbed chemical and biofuel products here have a
medium GHG balance since the energy content of methanol is lowédilogram The order

of results will change, when areadficiency is introduced. Then the higher yields from SRC
compared to conventional crops would benefit the wood option. Waded textiles show
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a similar curve as from forest wood, with improvements until 20d@¢r emissions caused

by the production process) and slight worsening until 2050 again (reduced credits from sub-
stitution). The scores for thether environmental impactsalign with the forest wood re-
sults, while the conventional crops show clearly higimepacts. Here, agricultural inputs
(fertilizer, pesticides) determine the result.

Also, for thesociceconomic aspectsyood-based products do not differ from forest wood
based productsHere again, the conventional biofuels perform worse, whereas, sncise,

we can see a distinction between biofuel for (effpd 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 webdsed road fuels, since theged new infrastructure.
By2050 the differenceswill vanish. Then, wootlased chemicals perform best.

Figure7: Resulting scores for different options to use agricultural primary biomass used accordingctddhia each wer time.
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Figure8 combines all the results into one picture. Webdsed textiles show the best result.
Cropbased oleochemicals and technical stapetform best in 2020 but develop in a much
less favourable direction. Woeldhsed chemicals start from a middle position and improve
to the seconebest position by 2050. The various forms of heat are still ahead of chemicals
in 2020 but then swap places Wwithem. Electricity remains in a moderately middle position.
Biofuels are generally in the unfavourable range, road fuels in particular. In 202&hased

fuels are still ahead of woeblased fuels. However, this reverses after 2030.

Figure8: Aggregated Scores for Agricultural Biomass Use 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).

Figure9 shows the result again in the form of a ranking for the current year (2020/25) and
the year 2050In a few cases, the ranking changes, such as between oleochemicals and tex-
tiles, basic chemicals and starbhsed biofuels. It is important to note that nateria 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 thaa tlorresponding woodased prod-

ucts. Additional criteria are therefore required here, as applied in the following section.

61
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Figure9: Aggregated scores for Agricultural crops/wood Use in 2020/25 and 2050.
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4.2.2 Additional criteria for types of agriculturbbiomass

As explained irsection3.5, there is also a need for prioritisation, when different types of
biomass can be cultivated as alternatives on available agricultural Tdyisl applies to the
above consideration of conventional crops versus woody biomass on agricultural lend.
resultin the previous section should be supplemented in this regard by the criesiac-
tion of biodiversity & ecosystem servieesl sistainable land uséseeTableb).

The outcome depends on the type of crdoth results from previous section (level 2) are
supplemented with biomasspecific indicator values for level 1Tiablel2 (for explanation

see sectiorB.5). To show how the criteria are reflected, imported palmawitl 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 akigh indirect lanelise changeiskcrop by the EU
CommissionCastor oilhas long been established as a raw mitefor hydraulic oils and

other special applicationg.he castor plant requires low input, tolerates marginal soils, and

is resistant to drough(Chakrabarty et al., 2021y hus for this crop,the adverse scores for

level 1do not apply, unlikéhe typically intersively cultivated cropsuch as rapeseedpy-

beanor oil palm.
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Tablel2:  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/ iLUC Biodiv/ iLUC
ESS  risk® ESS  risk®?
Oleochemistry rape seed -3.11 4 0.89 1.59 4 5.59
palm oil -3.11 4 25 3.39 1.59 4 25 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 25 7.09
Technical starch wheat -2.03 4 1.97 1.64 4 5.64
Biofuel, aviation, ship rape seed 0.42 4 4.42 2.90 2.90
(conventional)
Biofuel, road wheat 0.36 4 4.36 2.40 4 6.40
(conventional)
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 (300°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 landise change
SRC: short rotation coppice.

Ranking and the change in ranking from 2020/25 until 2050 is giv&alile12. Material

uses such aagriwood-based textiles, oleochemicals based on rapeseed oil and technical
starch based on grain ahégh inthe 2020/2025ranking. However, the latter will lose ground

to all subsequentagrivood-based utilisations with future development. The fact that
agrivood-based chemicals do not perform better overall than rapesbaged chemicals,

for example, is mainly due to the fact that the material efficiencwobd-basedmethanol
production will not improve significantlyy2050. However, aligrivood-based options tend

to improve over time, while the crepased options tendo become less attractive

Oleochemicalswhich still rank high in 2020025, fall significantly ithe ranking by 2050.

Oil plants in general (represented by rapeseed) and palm oil are even in the particularly
disadvantageous groupith a score greater than émarked in red). Only castor oil remains
02@S (KAa WNBRQ 3N dzLI®
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Tablel3: Summary for agricultural crosd wood merit orderfor main uses based dahe criteriafor the year 2020/25 and for
the year 2050

Score  Agricultural crops and woodised for Usecategory Product type
2020/25

-06 Oleochemicals Material use  Castor oil

-0,5 Textile (wood fibre) Material use  SRC/ grass
Oleochemicals Material use  Oil crops
Technical starch Material use  Starch/sugar
Chemicals, biomethanol via gasification Material use  SRC/ grass
Processhead Bpnne/ 0 Energy use SRC/ grass
t N2OSaa KSIFG ofrpnne/ 0 Energyuse  SRC/ grass
District heating Energy use SRC/ grass
Oleochemicals Material use  Palm oil
Space heating Energy use SRC/ grass
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 Qil crops

47 t NrOS&aa KSIHG oppnnsl/ 0 Energy use  Green maize

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

51 t N2 OSaa KSIG ofrpnnel/ 0 Energy use  Green maie

5.4  Road transport, conventional biofuel Energy use Qil crops

5.6  District heating Energy use Green maize

5.6  Spaceheating Energy use Green maize

6.1 Road transporthbiomethane 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

Textile (wood fibre) Material use  SRC/ grass
Chemicals.biomethanol via gasification Material use ~ SRC/ grass
t N2POSaa KSIG oppnne/ 0 Energy use  SRC/ grass
District heating Energy use SRC/ grass
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Score  Agricultural crops and woodised for Usecategory Product type

t N2OSaa KSIG ofrpnnel/ 0 Energy use  SRC/ grass
Electricity Energy use SRC/ grass
Space heating Energy use SRC/ grass
Aviation/shipping fuel, biomethanol via gasification Energy use SRC/ grass
Oleochemicals Material use  Castor oil
Road transport, adv. biofuebiomethanol 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 Qil crops

6.6  Chemicals. biomethane Material use  Green maize

7.0 Road transport, conventional biofuel Energy use Qil crops

7.2 Road transport, conventional biofuel Energy use Starch/sugar

73 t NeOSaa KSIG oppnnsel/ 0 Energy use  Green maize

80 tNRrOSaa KSIG ofrpnnel/ 0 Energy use  Green maize

8.1 Roadtransport,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 favouedplévalent with burdens) than low
scores and negative signs (equivalent with relief).

Rated use options are assigned to groups (see score):
greenfavourable: <0 score;

rather unfavourable: 2- <4 score;

ratherfavourable: 0- <2 score;

red unfavourable: >4 score
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4.3 Residues and wastes

Residues andiastes in the context of this study are a very diverse andurdform 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 Il can be used as a guide for esitagoris

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 pavideerly
complex pictureThe following classification is therefore used here:

Agricultural residuesthis includes manure, landscape material (includitsgpgrassland

cuttings) and strawCatch crops are also includeddzy t A1 S GKS WNBHEdzf | N ONZR LJa
in section4.2,they do not require any additional cultivation area by definitiince they

fall under RED IIl Annex IX, they are included in this gidLihese residueare suitable

for digestionandthe production and usef biogas or biomethane; some of them can

also be used as solid biom&ss combustion or gasificatiofe.g. straw)

A collection of the remaining types of municipal and industrial waste, which consist
mainly of solid biomass; these are: used coolailgUCO), animal fat, used wood and
black liqua (including other ceproducts 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 nofood waste or other harvest wastes than straw were
classifed above as being unsuitable for alternative uses other than biogas prodétiitis

also applies to manure, which must nevertheless be considered here due to its volume rel-
evance.

Thetransitions between these categories are sometimes fluid in termmeaikrial compo-
sition. Such a categorisation is providedTiablel4 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 Il Annex IX including the added feedstocks by the Delegated Directive (EU)
2024/1405.These are also indicated Trable14, sorted under part A indicates feedstocks

for advanced biofuels, listed under part B indicates wastes as feedstock for conatntion
biofuels.

21 For these waste types, digestion means the first treatment step, in which a significant proportion of the
organicmatter 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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Tablel4:  Categories of biogenic residues and their possible use in different applications.

(Ligna) Diges Combus- Fuel pro- Material RED I

Cellulo-  tible tible duction use Annex IX
sic Part
Municipal waste
Biomass fraction of mixed muni X X (x) X) A
pal waste, including bulky hous¢
hold waste
Biowaste, separately collected X X (x) A
Paper waste, separately collectt X X (x) X
Waste wood, separately collecte X (x) A
Material fromlandscape manage X X X (x) X A
ment
Industrial and commercial wastes
Sewage sludge X X (x) A
Bagasse X X X (x) A
Palm oil mill effluent and empty X (x) (x) A
palm fruit bunches;
Grape marc and wine lees X X (X)
Biomass fraction ahdustrial X) X (x) A
waste (nonfood)
Used cooking oll X) X X X B
Animal fat, meal X) X X B
Other wastes of food productior 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

X: pre-determined way, proven by practice

X: Conditionally or partially usable in this way,

(x): mentioned in RED Ill Annex IX part A, howtaahnically hard to convert to fuel;
Source: ifeu

Itis not the aim of this study to work out the optinmakrit orderfor all types of waste under
the variety of possible useowever, since, as mentioned, there is a material comparability
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with primarywood in the case of woody waste biomasses, the findings fronmséotiors
4.1and4.2can be assumed.

Some éedstocks fronTablel14 are only available in relatively small volum&be asess-
ment based on the criteria is carried out here by means of asptection, referring to the
guantity on the one hand and the availability of alternative uses on the other. A biomass
volume of 30TWh is set as the quantitative caff limit. In particuér, waste and residues
that are similar in terms of material can be grouped togetfieramples of this would be:

Animal fat grouped together with UCO
Tall oil pitch, tall oil, etc. grouped together with black liquor

Nutshells, cobs, husks groupedjether 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 particularh®rgroup of digestible
waste and residues. These will be examined in more dattik following Formanydigest-

ible wastes and residues, the choice of biogas production is the predetermined path. For
certain materials, such as liquid manure and biowastker utilisation paths can hardly be
meaningfully presentedCombustion of manurtails because of high water contentThe
enemgy contentof biowaste is also too low fanergetically efficientncineration. 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,senseler to
minimise theinput into the incinerationwhich isenergeically 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 as a raw material for the chemical industry). This applies
to a large number of entries in Annex IX of the RED IIl. For many of these, other techniques
beyond biogas production are difficult to implement.

In this respect, the following consideratiortsosv the necessity of an additionassessment
step:

Digestible wastes and residues:

15t question: Can other uses be just as promising or is digestion the only reasonable
option here?

2" question: Regardless of the source substrate, what should be tHerpee 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 isection4.3.2 The second point is covered more briefly
in section4.3.4. Addition to catch and covecrops andgrassland cuttings

Here, we do not talk about wastes or residues. However, sequential crops (intermediate
ONRLJAZ OF(i0OK ONRLA:X O20SHRORRIOBO f HZANB 4 & dro ¥ Hzi S RA Hzff R S Ny
RED Il annex part A, provided that the cultivation of smtbrmediate crops does not
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trigger demand for additional land. The RED Il explicitly excluded such crops from food and
feed crops (Article 2 (40)). The same also applies to grassland cuttings (grass, hay), as RED llI
I'f NEBIF Reé Ay Of dzZRSA HWANTRERPRY HDEINRBE 2GNBOLIYF G SNALFE Q 6! NI AO

Catch crops and cover crgpghere used for the production of biofuel for the aviation sec-
tor, arelisted in part A of annex IX of the RED llI, according t&Ctmamission Delegated
Directive (EU) @24/1405. The same regulation addatch crops and cover crops used for
other fuel than aviation fudio part B of the annex 1X

Cultivation ofcatchand covercrops have the advantage of diversifying crop sequences and
soil cover in vegetatioffree cultivation phaseslt 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 rfamic 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 prdes farmers with a further outlefThese consider-
ations are referred to isection10.3in order to allocate the preferred use of the available
feedstock to cover demand.

4.3.2 Digestible wastes and residueshiogas production

In section3.6, criteriaare presentedspecifically developed for then prioritisah of digest-
ible materials The criteria comprise technical suitabiligconomicconstraintsand 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 ffierent ways.Table1l5 summarises the arguments for the
feedstocksalreadylisted inTablel4, that are basically suitable fohe fermentation process

in terms of their material compositiorThe table alsalassifies thdeedstocksas highly or
moderately suitabldrom the technical point of viewOther uses should be prioritised for
the other waste and residues listedTiablel14.

Tableadopts the result fronTablel15 regardingfeedstock types for the high and medium
suitable materials and applies tlessessmentriteria, which are specifically developed for
then prioritisation of digestible materials (see secti8r6). 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 levd, and so onln section10.3the hierarchy groups are combined with the quantities
indicating the availability of the raw materials.
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Tablel5:  Assessment for biogenic residues regarding theitability for biogas production.

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

Municipal waste

Biomass fraction of mixed In principle, household waste can also be treated in anaerobic digestion planLow
municipal waste, including with a certain yield of biogas. There are alsecatied mechanical biological suitability
bulky household waste treatment plants (MBT), which, however, only in a few cases also include an-

aerobic digestion withbiogas productionOverall, this option is not a quantita-

tively relevant alternative to incineration in Euroffeurostat, 2025a)

Biowaste, Separate collection and treatment of biowaste is a very effective measure in High
separately collected municipal waste managemerit.should always be favoured over alternatives. suitability

Material from landscape Green waste of all kinds is well suited for femtation and at the same time High
management there is no sensible alternative other than composting (without biogas producsuitability
tion). New approaches such as pyrolysis might be conceivable.

Industrial and commercial wastes

Sewage sludge There is no reason to treat sewage sludge beforal disposal other than di- High
gestion. This reduces the volume, improves manageability and is a major boisuitability
in the energy balance of wastewater treatment and sewage sludge disposal.

Bagasse Can be fermented or incinerated. There are no indications of a preference folLow
one or the other. suitability

Palm oil mill effluent (POME)Biogas production is the most efficient technology to valorise POME, but of High

and empty palm fruit course onsite the palm oil mill; currently the EU biofuel market is somehow  suitability

bunches (EFB) GFft22RSRé gAGK 0A2FdzSt ol asSR 2y t h(onsite)
untransparent, the sustainality of this pathway must be questioned.

Grape marc and wine lees  Since the waste is often wet, fermentation is the preferred method of treat- High
and other biomass fractions mentc unless the waste is suitable as animal feed. suitability
of food industrial waste

Biomass fraction of industrialDepends on the individual type and nature of the waste arwhig suitable for ~ High

waste (norfood) fermentation under appropriate conditions. suitahlity
Used cooking oil and Can under certain conditions be used as @abstrate for fermentation, but Low
animal fat,animalmeal only to a limited extent. suitallity

Agricultural wasteand residues

Straw Requires enzymatic prigeatment, but can then be fermented. Alternative en- Medium
ergy utilisation is also possible. suitahlity

Other harvest residues If herbaceous, then well suited for biogaduction. Highsuit.

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

merous advantages and should be standard practice in animal husbandry.  suitability
There is no (sensible) alternative to this.

Catch and covecrops Depends on the individual type and nature of the crop, however most crop  High
types are suitable for fermentation suitahlity

Grassland cuttings This materiatioes not provide high biogas yields, but this use can be beneficiMedium
for the preservation of grassland the demand for animal feedill decline. suitahlity

Source: ifeu
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Tablel6:  Substrate categories for biogas and biomethane and their suitability for use in different applications

Waste,residue, sub- Technical Economic contraints Alternative uses Total result
strate suitability

Biowaste, separately High suitability Implementation reasoned Composting; which is  1st Hierarchy
collected by waste management, tonot advantageous

be shouldered by the na-
tional economy

Sewage sludge High suitability Implementation reasonedRaw sludge which is  1st Hierarchy
by waste management, tonot advantageous
be shouldered by the na-
tional economy

Biomass fractions of High suitability Centralised emergence, As long as not useful fc 2nd Hierarchy
food industrial waste therefore costeffective  animal feed (reduction
of potential)

Straw Medium High transport efforts andLeaving more straw on 3rd Hierarchy
suitability costly process land, or for direct firing

Other harvest resi- High suitability Applicable for agricultural Partly as organic matte 2nd Hierarchy

dues on-site-biogas plants for soil or animal feed

Manure Highsuitability Costly for small farmsNot Undigested spreading 2nd Hierarchy

aiming to favour factory whichposes no ad-
farming, but reduced ani- vantage
mal production in future.

Material from land-  High suitability Hightransport efforts and applicable for direct fir- 3rd Hierarchy
scape management costly process ing

Grassland cuttings Medium suitability High transport efforts andExtensificatiodeads to  3rd Hierarchy
costly process lower yields reduced
animal husbandry, but
more green fodder

Sequential crops Medium suitability ~Applicable for agricultural Biomass also needed f 3rd Hierarchy
(Cover, catch crops on-site-biogas plants soil improvement, gree
manure etc.

Source: ifeu
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Based on the valuations in the table, the following usage hierarchy cderbed.

Hierarchy(3 x ): Biowaste, separately collectednd Sewage sludge

Although full utilisation of the potential is desirable, this depends on the waste-
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.

Hierarchy(2 x  ): Biomass fractions of food industrial wastendmanure:
Whiletoday,waste from food industry is mosthecovered for manure it is desirable
to increasethe digestion ratehowever, this is iificult to implement due to the large
number of smalfarms in the EU

Hierarchy(1 x  oronly ): Material from landscape managemerandgrassland
cuttings, straw and catch and cover crop$Vhile indscape material is mostly com-
posted or combustee codigestionwith biowastewould berecommendable for the
future. Grasgand cuttings, which should lrecovered for themaintenanceof ecolog-

ical valuable grasslandan be cedigested with manure in agricultural biogas plants.
The moderate valuation for this feedstock might be an undereggiiom 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 rankedrih Bierarchy at minimum.

The same can be assumed &atch and covecrops, which also play atmst no role today
and require the will and action of farmers for implementation.

Digestion of saw has the highest technical potentidlhe technology for fermentation with
enzymatic activation is availablébut market expansion in Europe has so far been compar-
atively low(Flach et al., 2024l 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 ca 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 feedstotksehmo-
duced and need to be utilised.

4.3.3 Merit order for agricultural residues

The criteria are applied to agricultural residues belBigurel0shows theranking &result

of the assessment for the selected agricultural residues incldijngcellulosicatch crops

for the current situation (2020/25) and the forecast to the year 208 merit order is also
given inTablel7. 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 besen 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 i2050 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 ofscoresdecreases: Firstly, the burdens frdsiomass use are reduced, and sec-
ondly (and more effective), the credits from substitution performance are lower, too. For
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most paths, this means that the score result worsens over time. In other words: over the
f2y3 GSNY (KS 0A2YIl ZednsdbdbkBsY A dzyQ 3ISia t26SN AY

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 Bi@5@els 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 meahat the energy options in 2050 are to

be evaluated equally. On the other side, the ranking primarigroers according to the

type of biomass: manure ahead of straw, ahead of landscape maintenance material ahead
of catch crops; with minor exceptionsuch as process heat, which tends to rank higher
than the other energy options.

FigurelO:  Aggregated scores for diverse agricultural residues Use in 2020/25 and 2050.
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Source: ifeu;

Note, that negative values are advantageoussifivevaluesare disadvantageous; green arrows indicate
a rise in the ranking, red arrows indicate a faichby more than 3places; thicker arrows indicate a sig-
nificant change in rankProcess heat considers only Process heat > 500°C
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Tablel7: ~ Summary for agricultural residues; merit order main uses based ahe criteriafor the year 2020/25 and for the year
2050
Score  Agriculturalresiduesused for Usecategory Product type
2020/25
-3.9 Chemicalg biomethanec digestion Material use Manure
-2.9 Chemicalg biomethanec digestion Material use Landscmaterial
29 t N2OSaa K §hbiametidafiep nne/ 0 Energy use Manure
29 t N2OSaa K §hbiametidanep nne/ 0 Energy use Manure
-2.8 Chemicals bioethylene, hydrolysis/fermentation Material use Straw
-2.4  Chemicalg biomethaneg digestion Material use Catch crops
19 t N2 OSaa K §hbiametidafiep n ne / 0 Energy use Landsc. madrial
-1.8 District heating; biomethane Energy use Manure
-1.8 Space heating biomethane Energy use Manure
-1.7 Road transport, advanced biofudbiomethane Energy use Manure
14 t N2 OSaa K §hbiametidafiep n ne/ 0 Energy use Catchcrops
-1.4 ProcesK S| (i 0 ¢bpmethane O Energy use Landsepematerial
-0.8 District heatingg biomethane Energy use Landscape material
-0.8 Space heating biomethane Energy use Landscape material
-0.3 District heating; biomethane Energy use Catch crops
-0.3 Space heating biomethane Energy use Catch crops
Road transport adwiofuel - biomethane Energy use Landscape material
t N2OSaa KSIG oppnnse/ 0 Energy use Straw(pellets, bales)
Road transport adv. biofuebiomethane Energy use Catchcrops
t N2OSaa KSIG ofrpnnse/ 0 Energy use Straw (pellets, bales)
Electricity¢ biomethane Energy use Manure
District heating Energy use Straw (pellets, bales)
t NEOSaa K §bicmetllanep nng/ 0 Energy use Catchcrops
Electricity Energy use Straw (bales)
Electricity¢ biomethane Energy use Landscape matial
Road transport adv. biofuebioethanol, hydrolysis/ferment.  Energy use Straw
Electricity¢ biomethane Energy use Catch crops
2050
-2.2  Chemicalg biomethaneg digestion Material use Manure
-1.2  Chemicalg biomethaneg digestion Material use Landscape material
09 t N2OSaa K §hbidmetidafiep nne/ 0 Energy use Manure
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Score  Agriculturalresiduesused for Usecategory Product type

-0.8 Aviation/shipping, advanced biofuebiomethane Energy use Manure

-0.7 Chemicalg biomethanec digestion Material use Catch crops

-0.5 Chemicals bioethylene, hydrolysis/fermentation Material use Straw
t N2OSaa K §biometliafiep nne/ 0 Energy use Landscape material
Road transport, advancdaofuel - biomethane Energy use Manure
District heatingg biomethane Energy use Manure
Space heating biomethane Energy use Manure
Electricityg biomethane / biogas (direct) Energy use Manure
Aviation/shipping, advancekiofuel - biomethane Energy use Straw
t N2OSaa KSFG 6Bpnnel/ 0 Energy use Straw (pellets, balgs
t N2OSaa KSIG oppnnel/ 0 Energy use Catch crops
Aviation/shipping, advanced biofuebiomethane Energy use Catch crops

Road transport adwbiofuel - ethanol, hydrolysis/fermentatiolEnergy use

Straw

t N2OSaa KSFG 6fpnnel 0 Energy use Straw (pellets, bales)
District heating Energy use Straw (pellets, bales)
Electricity Energy use Straw (bales)

t N2OSaa K §bidnetllanep nng/ 0 Energy use Landscape material
District heating; biomethane Energy use Landscape material
Space heating biomethane Energy use Landscape material
Road transport, advanced biofudbiomethane Energy use Landscapenaterial
Electricityc biomethane / biogas (direct) Energy use Landscape material
District heating Energy use Catch crops

Space heating Energy use Catch crops

Road transport, advanced biofudbiomethane Energy use Catch crops
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):
greenfavourable: <0 score;

rather favourable: 0- <2 score;
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:

Chemicals

advanced biofuel

process heat (500°C)

process heat (500°C)

district heat

space heat

electricity

An overall ranking of the feedstocks is also visible: maauahéevegshe bestresult its di-
gestionhas manyadvantagesf digestates are also used as organic fertiliser and best prac-
tices are appliedor its use in the fields, so as to minimise nitrodeakage Thus,it is gen-
erally important to reduce the amount afnprocessednanure produced as much as possi-
ble. The favourable resuttere dependssolely on the fact thatindigestedmanure causes
even greater damage to the environment and climate. &piglies even more to the source

of manure: animal productiorin accordance with the basic requirements for the scenario
based on the Agora work and to be refined hérgestockis significantly reduced. However,
the manure produced from the remaining stock should be digestddrass possible.

Landscape materidk generated as a result of necessary maintenance measfirag! is a
by-product of cereakropsand catch cropshave a much lighter land footprinas long as
their cultivation doesnot alter the main crof éotation and productive timeThese ad-
vantagesare 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 2diBp®salf manurevia an-
aerobic digestiorwith digestates as eproduct must be promotedthere is potentialfor
disposing of larger share of the manuthis waytoday). Largemotential also exists for the
other residues evaluated.

4.3.4 Merit order for other wastes and residues
Possible uses for other wastes amésidues

Biomass fraction of mixed municipal wastencluding bulky household waste, contains very
different types and proportions of biomassuch as ative, easily fermentable materials
(biowaste) as well as paper or wodkhe following options are avalble 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 bibtragever, the resi-
due still contains organic matter.
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Incineration of the entire waste; the residue (ash, slaggyite free from organic mate-
rial; the produced energy is used fooywer generation and/or district heating or process
heat.

Novel treatment options, such as gasificatmrpyrolysiswvith the goal of producing fuels
or basic chemicals (e.g. methanol from syngeif) the goal of producing fuels or basic
chemicals (e.g. ntkanol from syngas).

For separately collecteplaper waste recycling is the preferred option by far. Separate col-
lection of paper wasteshould be advanced where still possible.

For separately collectegtaste wood the options for utilisation are:

Materialrecycling for wooebased 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 batiemicéd or thermo-chemical processes with the
goal of producing fuels or basic chemicals (e.g. methanol from syngas).

The conglomeration dbiomass fractions of industrial wastenot 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 Il summarizes such wastes in Annex IX Part A under point (d).
Developments in recent years, particdjain Germany, show that this incentive to promote

this very vaguely defined waste category has led to enormous growth in the production of
advanced biofuel@BLE, 2024}t is difficult to make a judgement hettayt it should be noted

that this exploitation practice under RED Il has recently led to cordlictsmarket distor-
tionsin Germanyin particular with regard to possible fra8uzan, 2023)

Used cooking oil (UCQ9 much more clearly defined and, due to its material progsitis
predestined for higklguality utilisation exploiting its oil character. Depending on the quality
and content of harmful heaborne substances, UCO could be utilized for animal feed pur-
poses or for material utilisation in oleochemistry. Due to firemotion mechanismsof
REDII, 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 musb &k pointed out here.

Together with UCanimal fat belongs to the saalled Part B raw materials according to

RED Il Annex IX. The prerequisite is classification as categories 1 and 2 in accordance with
Regulation (EC) No 1069/2009. The potentialsafomal 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 pitchis a solid residue from distilling tall oil, which is thegbgduct of sulplate pulp

mill. Likeblack liquor (another residue from pulp mills), it is listed in Annex IX part A of the
RED I1123 Tall oil pitch is diversely used in numerous industrial processes, such as rubber
polymerisation(European chemicals agency, 2025pr more tharten years, a company
concept offers a technology for processing it into el {lLipponen, 2013)

Black liquoris a byproduct from digesting pulpwood into paper pulp reming lignin, hem-

icelluloses and other extractives from the wood to free the cellulose fibres. Currently this
residue ismostly usedas fuel for heat and steam production within the pulp and paper

23 Tall oil pitch separately under (h), tall oil and black liquor subsumed under (0).
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industry itself. Other ways to valorise black liquor amedeired 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.

Strawfrom cereals is identifiedsaone of the largest sources of biogenic residues which are
not yet widely exploited considerirtgere is sufficient availability. As a rather homogenous
lignocellulosic source, it can be used directly as fuel, pelletised or ijitédBioenergy,
2024) However, straw is not a simple fuel due to its high silicate content. Simple fermenta-
tion is also notrivial butrequires specific enzymatic pteeatment. 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 procedsas not yet been able to establish itself
commerciallyBiobkonomie.de, 2023Yhese 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.t\&@pplies to
straw essentially also holds true foutshells, cobs and husks.

Themerit order ladder for other wastes and residues

Figurell gives the ranking forhe selected three very different feedstocks. The tendency
here in 2Q0/25 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 whiclhitself 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.
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 Thisfavours 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 enetgptcon

due to its heterogeneous composition, its use in chemistry requires considerable effort,
whereas its use as process energy does deed wood as a solid biomass needs high pro-
cessing for chemicals or fuel production and less for direct energy use.
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Figurell: Aggregated scores for other wastes and residues Use in 2020/25 and 2050.
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Note, that negative values are advantageous, positive values are disadvantageous; green arrows indicate
arise in theanking, red arrows indicate a fé#lach by more than 3 placeshicker arrows indicate a sig-
nificant change in rankProcess 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 cortipated material, processing it to chemicals is still not that ad-

G yOSR® ¢KS dzaS F2NJ KAIK {SYLIS NI pedpedivel INE OS a a
however, new developments may change this assessment ifuthiee butare 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 chemicalksranly 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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Tablel8:  Summary for other wstes and residues; merit ordér main uses based dhe criteriafor the year 2020/25 and for the
year 2050
Score  Other wastes orresiduesused for Usecategory Product type
2020/25
-5.5 Oleochemicals Material use  UCO/animal fat
-1.9 ProcesKSI G 6Bpnne/ 0 Energy use  UCO/animal fat
-1.8 Aviation/shippingg conventional biofuel Energy use  UCO/animal fat
-15 t N2OSaa KSHd ofrpnnel/ 0 Energy use  UCO/animal fat
-1.5 District heating Energy use  UCO/animal fat
-1.3 Chemicalg methanolcg gasification Material use  Black liquor
-0.7 Road transport, conventional biofuel Energy use  UCO/animal fat
-0.0 Chemicalg methanolg gasification Material use  Used wood
t N2OSaa KSIFG 6Bpnne/ 0 Energy use  Black liquor
Aviation/shippingg adv. biofuelg methanolg gasific. Energy use  Black liquor
t N2OSaa KSIG oppnnel/ 0 Energy use  Used wood
Processheakp nne/ 0 Energy use  Used wood
District heating Energy use  Used wood
Road transport, adv. Biofuek methanolg gasification Energy use  Black liquor
Electricity Energy use  Black liquor
Electricity Energy use  UCO/animal fat
Aviation/shippingg adv. biofuelg methanol¢ gasific. Energy use  Used wood
Electricity Energy use  Used wood
Road transport;, adv. Biofuek methanolg gasification Energy use  Used wood
2050
-0.4 Oleochemicals Material use ~ UCO/animal fat
-0.4 Chemicalg methanolc gasification Material use  Black liquor
Chemicalg, methanolc gasification Material use  Used wood
t N2OSaa KSIG oBpnns/ 0 Energy use  UCO/animal fat
t N2OSaa KSIG oBppnne/ 0 Energy use  Black liquor
t N2OSaa KSIG oBppnne/ 0 Material use ~ Used wood
Aviation/shippingg conventional biofuel Energy use UCO/animal fat
Aviation/shippingg adv. biofuel; methanolg gasification Energy use Black liquo
Road transport, conventional biofuel Energy use UCO/animal fat
t N2OSaa KSIG ofrpnnel/ 0 Energy use  UCO/animal fat
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Score  Other wastes oresiduesused for Usecategory Product type
Road transport adv. Biofuek methanol¢ gasification Energy use Black liquor
t N2OSaa KSIG ofrpnnel/ 0 Energy use  Used wood
Aviation/shippingg adv. biofuelg methanolg gasification Energy use Used wood
District heat Energy use UCO/animal fat
Electricity Energy use Black liquor
District heat Energy use Used wood
Electricity Energy use UCO/animal fat
Electricity Energy use Used wood
Road transport; adv. Biofuek methanol¢ 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):

greenfavourable: <0 score;
rather unfavourable: 2- <4 score; red unfavourable: >4 score

rather favourable: 0- <2 score;
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4.4 onclusionfrom 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 ofsfie 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 haveiampact 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 chemicalsgfample. 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 differsgg. 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 decisiveln the case considered here, the thermocheatipathway (gasification) and
production of methanol were chosen, as they are considered the most likely according to
the state of conversioffLindorfer et al., 2022)However, this path is associatedtwhigh

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 betwestmiood
andagriwood The removal of wood from the forest is associated with a negative impact on
the carbon sink of the forest, while the cultivation ajriwoodis more likely to have an
advantage for the sink. In this case, the production of basimateds (methanol) from forest
wood leads to a score of 2.9, whigriwoodachieves 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 elaboratedsaction6.
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5 Biomass use in the E2¥ today

Given the differences in accounting for biomass demand across studies, this section will re-

view a selection of data sources, &ME RAFFSNBYy OS& IyR LINRPDBARS +y |
biomass use (volumes and sourcing categories). This review will contextualise the approach

used in the Agora scenarios for demand and supply, as detail@hjster 6, which serves

as a reference pointf this study.

Qx
Q)¢
(0p)
QX
QX

Various studies by JRC form the basis for the scenari@s'for / 2 YYA &2 adA 2y Q& O2YYdzyAOF (GA2Yy
G{ SOdzNR Yy X9 AaRILIB kG dzNB nn Of AYFGS GFNBSG FyR LI GK G2 Of
(European Commission, 2024&lowever, 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 canfbend in the JRC study froAvitabile et al.

(2023) Further data is provided by the DATAM platform of the European Cciom?4

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

Figurel2displays the biomass use, outside food and feed, in th@ Etdday, based on the

EU Fossil Gas Exit scenario covering the energy use and referring to the year 2018. The data
is based orMaterial Economic$2021)for the material side (timber and fibres, which in-
cludes pulpand paper as well as particle boards etc.). The total demand for material and
energy is approximately 200 TWh equivalent, referring to the energy content (lower heat-

ing value) ofthe utilized biomass. In mass unit, this corresponds roughlg5@million
tonnesof dry matter.

24 DataModelling platform of resource economicsif:


https://datam.jrc.ec.europa.eu/datam/public/pages/previousFilters.xhtml?dataset=34178536-7fd1-4d5e-b0d4-116be8e4b124
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Figurel2.  Biomass use in the E2Y today (2018} values in TWh referring to energy content (lower heating value) of the applied
biomass.
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2021} illustration by ifeu

CAINMzDB Y LI NBlaf de&KSE FoANI YO dININBIgiiS Ay { BKS FTNR Y | 32N)F 6A 0K
Gl £ dzS5a FTNRY (62 20KSNJ a2dz2NDOSayY

T ¢KS o6lFaStAyS T2NJ GKS a0SylINA2a RSOBG21LISR o6& GKS 9dzNE
2F 9dzNRPLISU& wmon/n wOtrAnY |diSd2d NBNSYIA 2 2 YWA&AAA2Y T HAHNLE O

1 ¢KS 9 dzNh o a S NIHU9deNIoo ANPNIZDIMSNEH 1 H N 6 U

However, it should be ephasised 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 alwagsrrespondor example, theEC 2040 IA scenatombines
electridty and district heatingln the EurObserv'ER barometer, the electricity and/or heat
from CHP plants are distinguished from amombined production; however, district heat-

ing, process heat for industry and domestic heating are not differentidteddditon, 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 tHeC 2040 IA scenar{@0% more) and the Eu-
Nh 6 & S NI@«r@re). Themlata 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). Accordiig tadre than

twice as much bioenergy is used in the EC scenarioTWa1 electricity and district heating

in 2021, compared with 350Wh in 2018 by the Agora study). The EurObserv'ER barometers
show a biomass input of 47BNh in 2022 for electricity andistrict heating(EurObservER,
2024b) which is in between the values of EU Fossil Gas Exit scenario and the EU Commis-
aA2yQa olaStAaySo

This brief comparison of various data sources for compiling electricity and district heating
demand from biomass shows the difficulty in obtaining accurateeglWihere 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.

Figurel3 Biomass use ithe EU27today-02 YLJ NAy 3 GKS ' 32N} o6l aStAyS onnmyo | yR
2040 IA scenario (2021)

1000.0 1000.0 1000.0
800.0 800.0 800.0
600.0 600.0 600.0
B = E
F 400.0 F 400.0 E 400.0
200.0 I I 200.0 200.0 D D
0.0 l . 0.0 I 0.0 o
Transport Buildings Industry  District Electricity Transport Heat Electricity Transport Buildings Industry Electricity
heating & district
M Agora EU Fossil Gas Exit scenario B EurObserv'ER barometer B EC 2040 |A scenario (baseline)  heating

Source(Graf et al., 2023)European Commission, 2024éGurObservER, 2024lijustration: 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 biomas and waste and residues. An attempt is also made to shed further lights on
the differences between the analydelata sets from Agora scenario, JRC, the EC scenario
and others.

5.2 Forest wood biomasgsolid)

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 JRQAvitabile et al., 2023; Camia et al., 2021; Cazzaniga et al.,. Zat@ndly, the uti-
lisation of forest wood and the quantities involved will ddecidated.

5.2.1 Forestwood supply

According to Eurostat datdetween 550 and 56Mm? of wood (including bark) wae-
movedfrom EU27 forests each year between 2019 and Z&2Rostat, 2025a)The Annual
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Wood Resourc&he JRC's WRB reports indicate extractions of up td#w2 (Cazzaniga et

al., 2019) across categories such 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 & 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 d#teitabile et al., 2023)
Lastpublications byEurostat, 20233how, thatnet imports from roundwood prior to 2020
havesinceturned to net exports(with 5.7 Mm?2in 2020up to 12.6Mm?2in 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 roundwod.

While wood balances are mostly expressed in volumetric unito(mim?3), the Agora sce-

nario is expressed in energy units (TWh). This requires a uniform and consistent conversion.
The applied conversion factor is 2.88Vh/m3,2° representing a reliablaverage of ranges

given by wood species and final moisture contérablel9 gives the baseline data in thou-
sand ni and the conversion in TWh per year, referringhe tyear 2020.

Tablel9: Forest wood supply and recovered womelated waste streams in the EU 27 in 2020

Trend progressio® Converted to
Supply thousand n? TWhb)
PRODUCTION EU_27
Industrial roundwood removal&onifer) 293,951 660
Industrial roundwood removals (neconifer) 81,677 258
Fuel wood removals (conifer) 33,632 76
Fuelwood removals (noftonifer) 82,582 261
Bark 69,612 173
Total production(lunder bark) 491,841 1,254
Total production (over bark) 561,453 1,432
Unreported 101
Other uncategorised woofl 123
Total overall 561,4539 1,650

Source: afurostat datgn.d.) (Cazzaniga et al., 201®) by(Agora Agrialture, 2024)with reference to
(Material Economics, 20219)(Avitabile et al., 2023d) unreported sources not included

Based on data fromEurostat (2024) it is estimated that approximately 62 Mm3
(1,427 TWh) of forest woodincluding residues and barik)available for utilisatiorThe data

is subject to significant uncertaintvitabile et al. (2023) indicated underestimations of up
to 13% due to incomplete fuelwood reportinghe JRC study estimat&89 Mm? plus
12 Mm? net imports and 68Mm?3 from unreported sourceé 2017 This estimate is there-
fore significantly higher than that of Eurost&onsideringhe unreported wood sources
whichadds up to 223 TWh according to(Material Economics, 2028nd (Avitabile et al.,

25With 2,24 MWh/n# for coniferous wood (softwood) and 3,16 MWh?rior non-coniferous wood (hard-
wood)
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2023)andrecognising that there are nmore net imports in 2020we calculate the final
total of available forest wood to be @50 TWh

The flows of wood markets are closely linked with wastteams butoften lack detailed
differentiation. Sawmill byproducts are derived from the processingrotindwood and are
distinct from postconsumer waste materials such as waste wood or paper, as well as from
process residues like blaliguor. Thesematerial flows are analysed in more detail in section
5.4.2

5.2.2 Forest wood demand

According to the Agora scenario basedMaterial Economic$2021) consumption in the
EU27 in 2018 is as shownliable20. According to this scenario, 6T¥Wh will be processed

as timber for material use, with an additional 3TVh going into the production dibres.
AsTable20 shows, 336T'Wh are used directly as energy wood. However, the ratios shift
significantly along the processing chain up to the end produidts. demand for energy
wood according to EU Fossil Gas @&atf et al., 2023amountsto a total of 1,038TWh.

Table20: Forest wood consumption in the EU 27 in 2018

87

Total demand for ~ Contribution by Contribution by

solid biomass waste streams forest wood

Demand TWh TWh TWh
Material use®

Timber (all roundwood directed to sawmills, ct 677 0 677

board production and other material uses)

Fibre (pulp, paper, others) 314 314

Total material use 991 991
Energy use

Spaceheat 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) byAgora Agriculture, 2024yith reference to(Material Economics, 2021)) (Graf et al., 2023)

A more detailed allocation of forest wo@hd the reasoninfpr the assumed supplyan be
found inChapter9in Annex1.
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5.3 Agriculturalcrops

5.3.1 Food and feed crops for nefood purposes

The following data is based dhe Agora study Breaking free from fossil d&vaf et al.,
2023) It is supplemented and in some cases differentiated according to other sources such
as: USDA GAINS rep@rlach et al.2024) (Material Economics, 2021JRESpekreijse et

al., 2019) EBA(Wouters et al., 2020)

Combining these data sources, cibased biomas is currently grown to produce around
230TWh of products for the noefood sector in Europe. Of thesbiofuels for transport
account for half of the total feedstock, at 1I%Vh. This is mainly based on oilseeds, espe-
cially rapeseed. Until 2020, palm ailso played a certain role, but it has since lost im-
portance due to its phaseut with regard to its eligibility for the biofuel quota under RED
Based on the data from (Flach et al. 2024), we derivedPIR8roghased biofuel, thus a

illustration inFigurel4.

Roughly 80'Wh of products from crops Eogas(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\&B#ters et al.,

2020) 41%of the biogas produced in 2019 is based on dedicated energy crops. This corre-
sponds to the 80'Wh quoted above. The EU country with thegest share of energy crops

in biogas production is Germany (see asotion10.4).

Figureld:  Current use of crofpased biomass for transport fuel, energy (biogas) and chemiaaldNh referring tdiomass inpu
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Source: Calculation by ifeu based(@raf et al., 2023)Material Economics, 2021(Spekreijse et al.,
2019)
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For cropbased chemicals, data from J@Bpekreijse et al., 2018 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 crgzonverted into chemicals tan be cal-
culated at approx. 83TWh. AroundB5 TWh are based on vegetable oils, half of which from
palm oil and palm kernel oil, others from soybean oil, rapeseed, sunflower. Majacappl

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 takingcichorat

crop yields and conversion rates. This is done here on an approximative basis. For transport
fuels, an area of around 5 million hectares is calculal®ds value is lower than an estimate

by ifeu in a study for Transport & Environmé&Rehrenbach et al., 2023hich arrived at

9.6 million hectares for the E7 plus the UK for 2020. If the area used fopeoducts (e.g.
rapeseed meal) is deducted from this figure, thi#l keaves 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 N1 biomethane per hetare (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 lesdand efficient There are more detat estimations inrChapterl0, particularly

with focus on the German case.

For chemicafeed stock, 1.6 million hectares are calculated in thensawvay. In total, this
results in an area @.7 million hectaresfor agricultural biomass.

5.4 Wastes and residues

5.4.1 Agricultural residues

According tdAvitabile 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-2% Gk

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. Assumitypieal energy content of
cellulosic material, 62 million tonnes correspond to 280h with unknown whereabouts.
According td=lach et al(2024) below 1TWh of fuel based on agricultural resatuhas 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 accordingvVtuuters et al.(2020) This corre-
sponds to 48T'Wh. Parts of the harvest residues (see above) are included here, while the
major feedstock is assumed to be manure.

89
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5.4.2 Otherwastes 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 GEX(Gs#figy al.,
2023) (Material Economics, 2021Yyarious studies by JRGvitabile et al., 2023)Scarlat et

al., 2018)EU bioeconomy monitofKorosuo et al., 2024fMalins, 2023and (Flach et al.,
2024) Figurel5 shows how these wastes and residues are used.
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Figurel5: Biomass use in the E2¥ today (2020)
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5.5 Conclusiondrom the status quo analysis

Currently the EU2utilisesaround550 million tonnesf biomassdry matter) for nonfood-
purposes which correspond$o an energy content of roughli®,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. Includisgtepaperthe wasteand 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% ofdrnass.

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. Tbtigazy in
biomass use data collection and compilation methodologiesh&itome 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 Agordiomassscenario

This chapter elaboras the! 3 2 Nhlortadsscenariobuilt on existing workconductedby
Agorathink tanks(Agora Agriculture, 2024; Graf et al., 20ZBhesereports serveasthe
primary basis for data and basic assumptiwiith regardto biomassdemand and supplin
the EUstarting from today's situatiofsee sectiorb) until 205Q The task here is

To refinethe granularityof biomass types andemands, essentially to reflec high de-
gree of differentiation in biomassvithout delving too deep into detailshé correspond-
ing categories of biomass types and typésise are described arekplainedin detail in
Section3.8; further literature data is used for refinement, in particular studies by JRC.

Todevelop a biomass supply and demaprdjectionfor the period up to 205@ithin this
granularity ancbasedthe groundworkdone by the Agorahink tanks(see sectiorb.1).

To integrate the criteria-basedmerit order (see sectio) into thesesupply and demand
projection(see sectior6.2).

To completethe Agorabiomassscenarioby allocatingthe available biomass to sectoral
demandin line with the merit orde(see sectiorb.3).

To compare theAgorabiomassscenarioor biomasswith the EUClimate targetscenario
(European Commission, 2024sge sectia 6.4.

To analyse a number ofosssectoralinterlinkageqsee sectiorb.5).

Theworking processvas realised in close dialogue with representatives ofAgera Think
Tanks (Agora Energiewende, Agora Industry, Agora Agriculiti@ffers an EU biomass
pathwayto contributeto 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 tegioad)o
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 ragkthe development

of agroforestry.

For some suttopics, 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 Amnex1, Chaptes9to 12.
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6.1 Biomass supply and use for energy anthterials in a
climate neutral EU

6.1.1 The data background
The basis for the Agora biomass scenario are:

32 NI Q& 9! (GEX#gcdnériofrbrh the studyBrenkingfree from fossil gas
A new path to a climat@eutral EuropgGraf et al., 2023provides the basic data for
demand of biomass for energynd materialuses in Europe from 2018 to 2050.

I 3 2 Nihe@griculture, forestry and food in a climate neutral @&dora 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 studyhé\Agora AgricultureeU
(AFOLU$%cenario results are to be understood within the climate neutral time horizon
20452050, 2050 was retained for the purpose of this work.

The data backgrounfibr refinementis particulaty taken fromstudies by JRChis was par-
ticularly necessary for the differentiated description of wood material floagsgiven 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 i EU

Cazzaniga et af2019) Wood Resource Balances of the European Union and Member
States.

Spekreijse et a(2019) Insights into the European market for Hiased chemicals

6.1.2 Development of iomass demand

For this studythe demand for bioenergyf the EU27 until the year 205¢€ adopted directly
from! 32 NJ Qal Gas, ExitG&aad@raf et al., 2023)including the breakdown into
solid, gaseous and liquid bioenergy sourcesat Heeanario also provides guidance ate-
mand formaterialuse which presents a moreoenplex picture Consequently, the data set
for this study is supplemented and expanded to include the sources mentioned above.

Table21 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 aaterial, which itself is increasing by 71%. Bioenergy, on the other
hand, is decreasing by 17b&sedon 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 chenats. Around 430Wh will be needed for this in 2050, which

is almost a tenfold increas&he demand for timber for sawlogs will increase by 40% (mean-
ing an additional 100Wh of wood), while the demand for fibre will increase by 25% (mean-
ing 140TWh).
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Regading organic chemicals, the EU Fossil Gas Exit scenario focused on plastic production
and projected 194'Wh of biomass related demand by 2050 with a focus on novel feedstock
materials (lignocellulose) and advanced technologies (chedionical or pyretechnical
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 useag\shown in section
5.3.1, biomass use in the organic chemical sector is very minor but still worfM82today:

a small percentage of surfamits, paints, coatings, etc. are currently produced from vege-
table oils, starch or sugah large sharef biomass that comesom the vegetable oils, are
imported tothe EU Bio-based chemicals are analysed in more detail in Chdjitein con-

trast, aviation wilbe considered at a higher levdlie to the complexity of the issue, notably

its linkages with the refinery and chemical sectors.

Table21: Development of bmass demand for materiaimdenergyin the EU27 (20202050)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 a7 50 61 89 147 237 428
Total material use 871 913 964 1031 1130 1264 1494
Process heat (industr 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

*) sawnwood, excluding byroducts from sawing and wood processing

**) pulp& paper, particle boards, wood based téd&s

Source: EU fossil gas exit st@raf et al., 2023YAgora Agculture, 2024) (Avitabile et al., 2023)
(Spekreijse et al., 201%alculations by ifeu

Figurel6illustrates the demand for bioenergy with rising demand for process energy and
advanced biofuels (for aviation fuel), but significantly decrease for spateliatrict heat-

ing. For high temperature process heaibmass remains a relevant soureéth a further
demand in order tosubstitute fossilzerofuels (plus %) The use of biomass for space
heating is cut by more thaB0%by 2050, moving to second place affgocessheat. Bio-
mass use igpace andlistrict heating is reduced by more than halfie toprojected elec-
trification over time, mostly thanks to the uptalke& heat pumpsThe same applies tow
temperature process heaBiomass in electricity generation vasiever time filling gaps
during the transformation process of thaector.

The scenario assumes a rapid electrification of road transport, with thegatat of com-
bustion engines in lighduty vehicles, twenvheelers and most trucks by 2035, broadly in line
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g A 0K (KSsta®dard® dor cark and vans and &ndards for truckd® In addition,
conventional crofbased biofuels are phasetlit in road transport by 2030n the other
hand a substantialamount of advanced biofuels (based on waste Agidocellulosic mate-
rial) is phased into aviation thereafter. line withthe EU FoskGas Exit scenarisynthetic
fuels are projected to be used only in priority applicati@ushas aviationand maritime
shipping where limited viable alternatives exis¥/ith the targets of the ReFuelEU Aviation
in mind, approximatell290TWhof biomas will be needed in 2050 he demand side of
transport is analysed in depth Annex 1, Chaptet2.

Biomass remains a relevant source mostly for high temperagitseessheat and feedstock
use (e.g. cement, steel and plastics production) in indu#gora Energiewende, 2023, pp.

70¢71).

Figurelé: Biomass demand farnergy uses in the EU27 (2028050)
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Source: dat&U Fossil Gas Exit scenaltiloistration ifeu

Note: For simplification, the Fossil Gas Exit Pathway 2018 data is assumed for the year 2020 for this sce-
nario.

Conventional biofueihcludes biofuels baskon food/feed crops as well as on waste oils (e.g. USde-

fined in RED Ill Annex IX part B.

26 Regulation (EU) 2023/851 ofd@hEuropean Parliament and of the Council of 19 April 2023 amending

Regulation (EU) 2019/631 as regards strengthening thee@®sion performance standards for new pas-

ASYy3ISNI OFNBE YR ySg tA3IKGE O2YYSNDAIf anbfickREJUESE Ay fAYS sAGK (K
tion (EU) 2019/1242 of the European Parliament and of the Council of 20 June 2019 seftegi€®n

performance standards for new headyty 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 baasuch 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 whillsoLINE @A R A yrandWK S I+ §
Y2NB adzadGlrAylrofS FT22R 02y adzYLliAz2ys SyKIFyO o)

Fa ¢Stf a QAYLINRGAYI | YyAYI{ BfdigxpoN@Eadd LYy FRRAGAZ2Y S
virtual agricultural land, reducing pressure on global land resources.

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
increase the resilience and strengthen the carbon sink of forests:

Adapting forests towards resilient stands:

Up toone third of the EU forest area (around Btillion hectares) would require ad-
aptation measures to counter the effects of climate charlge;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
measuresDepending on the degree and pace of adaptation measuhesrelated
harvest potential is evaluated at around 25 to IS per year.

Delaying the harvest in targeted forest areas;

This means that overall, wood harvest will be decreased 9 dfnually, due to

adapted forest management, favouring carbon sequegstn and biodiversity func-
tions. The 490Mm3 of harvested forest wood (indging bark, corresponding to an
energy content of 1,28%Wh) calculated by the Agora scenario for 2628ed orFAO

and Eurostat data is thus reduced to apgpmately 440Mm? (corresponding to an
energy content of 1,16TWh).

Increasing active afforestation;

The forest area is projected to increase by 5 million hectares fronmiiidn hectares

in 2020 to 165nillion hectares on agricultural lary 2050at the latest These newly
developed brest 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.

Theresultingavailable forest wood supplg shown inFigurel?. It will also depend on the
volumesof salvage loggingdue to climate disturbances and fellirgs part ofadaptation
programmesthus compensatig the D%harvest rate reduction in certain years.

With reference to{/Agora Agriculture, 2024)he Agoreclimate-neutral biomasscenario in-
cludes, in combination, the production of additional woody biomass outside forests, in the
form of agroforestry on arable lan&b balance the increasing demd of woody biomass
with climate change mitigation, adaptation and biodiversity protecfigkgora Agriculture

27 Agora Agriculture (2024). 5.
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2024, p. 131). Forest wood and wood from agriculture (agroforestry, short rotation coppice,
and paludiculture) together cover the growing dem&ndwoody biomass.

With regard to imports and exports of forest wood into and out of the EU, reference is made
to the actual analysis isection’5.2.1 This describs 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 fltigations, 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 dbrest 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.

Figurel7:  Fotest biomass supply based on key figures by the Agimaassscenario, with higher granularity by ifeu assump-
tion, in the EL27 (20262050)
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Source: Compilation by ifeu based @wgora Agriculture, 2024(Avitabile et al., 2023nd other studies;
illustration: ifeu

6.1.3.2 Agricultural biomassupply

As described isection5.3, currently around 229Whof biomass are produced from crops
for energy and material uses in the 2@0. The areaequested by these crops account to
8.7million hectares.

The total area of agricultural land in the 2@ in 2020 was 16@illion ha. It will decrease
to 154 million haby mid-centuryaccording to the Agora scenario, due to the expansion of
forest land & 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 greoralinted 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-gtantliets?® 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 t6%less arable lani needed for feed pro-
duction).

According to the scenario, overall, the land balance improvels3ayillion hectarespr 8%

of the agricultural landto producenon-food products, assuming that the EU continues to
increase its cereal exports. This area is converted tedasking trees and shottotation
coppices (SRC), to provide additional woody biomass and help cover the projected growing
demand for woody biomass. Thieaice 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 assumedtdt per hectare roughly 10 tonnes of dry organic matter will be pro-
duced annually.

Converselythe agricultural biomass currently produced (cereals, sugar crops, oilseeds,
whole plants such as green maizeld applied fomaterial or energy uswill declne from
230TWh in 202Go 44 TWhby 2030.In the scenariponly sugar beet will remain for the
supply of technical starch and sugard a small volume of specific vegetable wilported,

for oleochemical purposésr a longer period of time. With the rampp 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 covatelmost exclusively by residues in 2030. These will increase
from approximately 150 Wh in 2030 to 27TWh in 2050. They will then account fd»©3

of total agricultural biomass. Below, the availability of the agricultural residues is examined
in more detal.

Figurel8shows the supply of agricultural biomass, including residues (manure, straw, catch
crops, landscape material). These were assessed separatelyoshggiling the allocation
ladders (see alssection4.3.2). 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 biomasavailable for energy and materials will amoua®20TWh in 2050,

a significant increaséom 202Q compensating the slight decrease in wood supply and
providing for an increased demandoweverforest wood will remain the largesbource of
biomasswith 1550TWh compared with1720TWh of forest woodnd 290 TWh of agricul-
tural biomassn 202Q

28 The scenario assumes average of ca. 88 of food consumption following a diet roughbligned with
the Planetary Health Diet according to the HA&hcet Commission (Willett et al. 2019) and&6llowing
current consumption patterns of EU member states.
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Figurel8  Agricultural biomass supply (includiagricultural residuesbased on key figures by the Agdniamassscenario, with
higher granularity by ifeu assumption, in the EU27 (22@60)
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Source: Compilation by ifeu based @gora Agriculture, 2024(Avitabile et al., 2023nd other studies;
illustration: ifeu

6.1.3.3 Availability ofagriculturalresidues

Here, a distinction needs to be matletween waste and residues for biogaoduction
(digestible material) on the one hand and solid residues that are used in other applications
(combustion or conversion to fuel or chemical building blocks}he other hand In most

of these cases, the biomass consists of lignocellulose.

In adlition to the explicit residues (straw, landscaping material), Bargas (and bio-
methane) productionalso grassland cutting and catch/cover crops are included due to their
similar materiality. Grassland cutting comes into play for the following reasonigie 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 sensib$atitin 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 appttes aom-

dition that no additional land is requd for the production of catch cropfowever, the

time between the cultivation phases is utilised.

As shown irFigurel9, the potential for biogas and biomethanegaluction 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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Figurel9: Technical bioenergy potential* of residueémmass for anaerobic digestion in the EU in 2045

Source(Agora Agriculture, 2024)

6.1.3.4 Other wastes and residues

Thereare further waste streams that need to be taken into consideration. Based on current
inventories, (sesection5.4.2 black liquor, used cooking oil (UCO) togethehwanimal 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 takenFigare20.

Black liquortogether with other secondary streams from the paper industry, such as tall oil
etc., is the largest single waste stream overall, at T8¢h in 2020 to 202%5Wh in 2050.
With reference to (Material Economics 2021), the Agaanario also considers the follow-
ing nondigestible solid waste: paper waste. With approximately T8¢h, which corre-
spondsto 36 million tonnesit is the second largest material flow of recorded biogenic waste
and residues. Since it is majorly applied 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 appxonately 17 million tonnesThis materiatan partly be re-
cycled (in particular for particle boardgyt due to impuritiesthe major pathway is energy
use. In this respect, only larger powercombined 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 frorthe current 530 to 630r'wh in 2050.
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Figure20:  Biogenic waste and residue supply (excluding manure and straw) badegl figures by the Agotaomassscenario,
with higher granularity by ifeu assumption, in the-2¥
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Source: Compilation by ifeu based @wgora Agriculture, 2024)Avitabile et al., 2023nd other studies;
illustration: ifeu
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Box7: The role of diet development on land use
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Figure21: left: Land demand for fodder production depends on died amtensification; right: Land demand for fodder production
(intensive grass + grazing)
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Table22: Impact of diet on land use and potentials

0% 25% 50% 80%

Land demand for feed and foddévijo ha] 91.5 73.6 59.3 48.4

Savings compared td@planetary health dietl{lio ha] 18.0 32.2 43.2

What can be grown on savéand:

Oil crops - 184.2 330.7 44238
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6.1.4 Summaryof demand and supply fothe Agoraclimate-neutral biomass
scenario

The Agoraclimate-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 maly 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
andenergy useAsFigure22 shows, only one third of biomass is used for material purposes
today. In 2050, this portion will b&6% and at a higher absolute levdlhisis 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 sowsa# 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.

Figure22:  Synopsis of biomasupply and demand for the current situation and the Agora biomass scenario {2080)
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Source: Compilation by ifeu based @gora Agriculture, 2024; Graf et &023) (Avitabile et al., 2023)
and other studies; illustration: ifeu

To complete the Agora climateeutral biomass scenario, specifiges of biomass now
need to be allocated to specific us@his has not yet been done in the consistgnttapo-

sition of supply and demand presented above. This step will be taken isubsequent
section

103
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6.2 Allocation ofbiomass volumeslignthe merit order

While Chapter4 applied a catalogue of criteria to derive a merit ordier specific usesf
specific biomass types (derived@hapter3), the completion of the Agora biomass scenario
includesthe corresponding allocation of the available biomasseatoral demandAccord-
ing tosection6.1, it can be concludethat the demand for the Agora biomass scenario,can
in principle be met by the given potentialThis is given ifigure22 (see setion 6.1.4).

Section0 outlined the basic allocation procedure. In additiontke allocationstrictly by
merit order scores, further arguments for special allocation@reforwardin somecases,

e.g. to take into account aspects of better technical suitability of certain types of biomass
for certain usesuch as in the oleochemistryhese cases however ram marginal.

The results of the merit order for all biomass types and uses are therefore summarised in a
synopsis below (sectidh2.1). To fecilitate the realing, scoringresults have been translated

into four ranking groups¥avourable or greengroup for the combinationwith the best
results (score <QYyather favourable, oryellow for scores 0 to Zather unfavourable, or
orange for scores 2 to 4 anthfavourable, ored for scores >4As mentioned above, each
allocation step involves checking whether there are astyust, substantated arguments
against this allocation and, if so, adjusting the preferred allocagiccordinglyn duly justi-

fied casesThisprocedureisprimarily carried oubn the bass ofthe assessmentesults and

the supplyvolumesfor the year2050.

6.2.1 Synopsis of the merit orderfor all considerecbiomasstypes

Table23 compiles all ranking result$he uses thaachieve scores of <0 are highlighted as
particularly beneficial. They arearked greer(favourable) These include:

all types of material use of forest wood, with the exception of use as a raw material
for basic organic chemicals.
the use of manure, regaless of the type of use
the use of waste oils or fats for oleochemistry
Uses with scores between 0 ar#l are ratedrather favourably. These are marked in yellow
and include:
use as feedstock for basic chemicals,
use of waste and residual materials foraher purposes.
Uses with scores betwedghand<4are assessed as rathenfavourableandshould only be
used to fill gaps idemand.Theseare marked irorangeand include:
useof Industry wood (including forest residues andustrial wood residuedpr heat
and electricity production

use ofSRC wood (including palugbod and energy grassef®y heat, electricity and
biofuel production

Application of specialegetableils (i.e.castor oil) as feedstock for oleochemistry.

Any other uses are scores 4 and highghich are marked re{Linfavourable)n Table23.
Forthese, biomasshould not beattributed.
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Table23: Synopsis of the merit ordefsr the utilisations of forest wood, agricultural crops andideies and othewastegresiduesfor the year 2050
C2NBald ¢|{ O2|! INROdzt (ddzNJ{ O2|! ANR Odzt G dzNJ { O2[hGKSNJ NB& a0z
| 2yaiNUdzOe2y 6| ¢AYOSN
¢tSEefS 0622R Ly Rdza G N mCDi {w/ k 3N} & n b
t dzf LJ 9 LI LIS NJ Ly Rdza G N mCDT
CdzNy Ha@&NB R 62| ¢AYdSNJ mCDT
tF NbOftS 02FNR| LYRdza(N mqni
/| KSYAOI f a LYRdz2AGN] Mm®H {w/ k 3INIa myp| al ydzNB ROl | XSR 4522 ndc
60A2YSUKLE y2f . _
[ FYR&OLF LIS ™D+
/' G§OK ONZ LIgRNoN
/| KSYAOIl ta o6ht hAt ONERLA ‘ '/ hkl yA
{LISOAL £ 2 ‘
t N2 OSa0ap pkndilcly § Ly Rdzad NTH®Y { w/ EINJ-é al y dzNB 4S8R 622 ndc
g NBaiAR _ N I _ _
C22Rk FSSR [ I yR&OI LIS ndy .t A dz2 1 ndg
[ GOK ONERLYE m®do
t N2OSaa KSIa LyRdza G NE e { w/ EINJ-é al y dzNB "' 4S8R 622 nog
3 NBaAR _ N I _ _
C22Rk¥SSR [ I yR&OI LIS ndy . f A dz2 1 ndg
/' §OK ONERLY mod

*) castor oil, **) biomethane from maize and other cropg$*) vegetable oils, starch/sugar
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*) castor oil, **) biomethane from maize and other crops

***) yegetable oils, starch/sugar
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6.2.2 Basic allocation an@spects relating to the technical suitability of biomass
for the intended use

In this context, allocation mearadlocatingthe available biomass quantities from the Agora
scenario according tthe resultsfrom the merit order consideringavailablesuppliesper
feedstock typesandrequired demand per endsesby 2050 The details othe allocation
exerciseare describedsubsequently displaying the final resuilh Table24.

Thisprocess is carried out three mainsteps

The usage typegrouped into three hierarchy classesTiable23, are dealt with one
after the other according to the hierarchy (1. green, 2. yellow, 3. orange).

The proportion of the available biomass volume is (initially) allocated to the needs of
these uses.

In doing so, it ixamined whether there are technical, materialated arguments
against this allocation or whether another use of the respective biomass (possibly
from a lower ranked group) would be preferablasofar aghe argumentsare well-
founded ard robust

Thed DNB Sy (favdlibabierdhking)includes:

Material use of forest woodfor solid wood applications such as
construction timber or furniturg354TWh)

fibres such as pulp, paper, woddsed materials and textile fibredirectly from in-
dustry wood (327 TWh) or from sawmill residu&45 TWh)

Thus, 61% of total forest wood is allocated to these applications, wherea$\&87re-
main for other uses.

In the Agora biomass scenaribe aupply of savifyrade timber meetarisingdemandfor
construction and furniture productdt is assumedturopean forestradjust tomore re-
silient hardwood species and away from softwoduda move to increase the resilience
of forests by improving species diversityselected standsThisalsoimplies anadjust-
ment of thewood processingalue chain, as currentfawmillsare rather geared fosoft-
wood.

All uses obiogas or biomethane fronmanure:

70 TWh of biogas/biomethane are availabiem manurein 205Q given the develop-
ment of sustainable food systenand the move towards more plamich diets (see
section6.1.3 Box7). This manurepotential should be fully digeste(AD) since undi-
gested manureauses even greater damage to the environment and climate

Useas a chemical feedstock ranks sligimtigre favourablehan energy usghowever,

from a technical point of viewnethane is not an ideal building block for orgaésic

chemicalgexcept forconversion to methandl

Methanol can also be produced directly via gasification of solid biomass, making the

multiZZ G SLI NRdziS 00A23Fa M o0A2YSUKFIYS ™ adSFEY NBETFT2NYAY

Therefore, biogas/biomethane is better allocated to energy usemakes sense to
F2tt 206 (GKS | LILINRI OK 2 Fscen&i§Graf staIN2028ind 9! C2aaAif DI a 9
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use this energy where it is needed to close gaps that cannot be covered by other re-
newable souces.

All digestible residues and wastes, not included@able23, such asseparately collected
biowaste from houséiolds, sewage sludge or mixed food wastee to ke assignedo
the dgreen group, too, since fermentation is considered to be the only viable option
they provide a total of 839Wh.

Sraw, catch cropsandlandscape materialor use as feedstock for the chemical industry
via gasificatioto methanolor via biotechnicafermentation to ethanol.

Together, 1282 K I NB | @F At 6t SZ O2@0SNAY3IA omM:
demand for lignocellulosic biomass in 2050.

UCQandanimal fatfor use in oleochemistry

This clasification is unquestionable for animal fgs TWh)due to their material ho-
mogeneityand their actual current use for this purpose

For UCQ45 TWh) however, restrictions are appropriate. The initial quality is poorly
defineddue to the unspecific miyre of various vegetable oilgvhile animal fats have
been used as standard in oleochemistry to date, this is not really the case for UCO
(Biermann et al., 2021Yhe allocation of UCO for oleochemistry is therefore subject
to other technically more suitable alternatives from the followipgllow ranking
groups.

Thea , St f 2 g(ratAeNfBvorrable)includesforest wood(i.e.industry wood andagri-
cultural wood GRC agroforestry and paludvood for basic chemicalspaludiwood for
(specific) fibres and any other waste and residues for any other parpos

With regardto the allocation ofwood for the demand by the chemical industrye follow-
ing considerations are relevant:

Forest wood

is ganerallymore favaurably rated than agrculturalwood because a forest ecosystem
as such is classified as having a higher ecological value than an agricultural system.

However, brests should not be converted intropland (on the contrary, the Agora
scenario for forestry, agriculture and food includes soafierestation). In addition,
forestsmanagement practices should evoli@ counterthe carbon sinldecline and
revert itas far as possible.

This means that wherever forest wood or agricultural wood can be used for the same
purpose (bothmeeting 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 scor&espective available volumes also need to be consija®
forest wood provsion decreases smodily over time(see sectior6.1.3.1), while agri-
cultural woodwill startbeingavalableafter 2030 (see sectiorb.1.3.2.

Agricultural wood

Agroforestryis still inits infancy and neeslto be ramped upThese practices enable
the establishment of carbon sinlkesdthe provision ofother environmentalco-bene-
fits. To realise this potentiaincentives are needed to expand these technologies,
which can be supported by customers such as the chemical séatditional sources
come from grasses such as miscanthus.

2F (KS

F2NBC
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Paludculture from rewetted peatlands in agriculturghallcovera specificdemandfor
fibre production (6 ITWh).

Usedwood

tends to contain pollutants, which meansi& not well suited as feedstock fothe
chemical industryand is considered as such in this assessnitgt conversion tech-
nology currently in use has higjuality requirementsit 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 purificatior(providing73 TWH).

The demand by thehemical sectoffor lignocellulosic feedstocks in 2050 will be approxi-
mately 400TWh. 12ITWh are already covered by the lignocellulosic residues from the
& 3 NB Sy ThRus|Ehelzkdsaihing supply of JWh paludiwood plus 234r'Whfrom agii-
culturalwood suffice to caer this demand.

With regardto the allocation ofagricultural residuesandother wastesfor energydemand
the following considerations are relevant:

High temperature process heafdemandin 2050: 314T'Wh)ranksabove the other en-
ergytypes.

black liquorfrom the pulpand paper industry (229 WH) is directly coupled with the
respective indust and shalbe allocatedo the process heat demand of this industry.

the remainingenergy demandis to be covered from nmraure (70 TWh already ranked
Ay GKS a3 nbrdyyet dlibdtellal well asewage sludge, biowaste etc.
(total: 57 TWh).

District (122 TWhandspace heating249 TWh)as well aglectricity (104 TWh)rank next
after process heat.

The remaining pool fobiomethane(145TWH can cover gart of these demands
primarily for district heating through the use of local gas networks

Electricityis partly covered bysed wood(35TWh)
Finally, hisleaves a remaining demand of B8Vh for district heating, 23TWh for space
heating anda minor amount of I'Wh for electricity.

Thed h NI y 3 Sinclide® dzLJé

Vegetable oilfor oleochemistry
Theseare only needed here for a small remaining share oT27h

UCO would offer a better ranking for this, thigh-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 spieeial
types. Castor oil, which is widely used in the field of biogenic hydraulic oils, was used
as an example for the scoringyith this last component, the chemical sector's demand
for biogenic organic raw materials is thus covered.

1 Industry wood(induding sawmill residues)

Remaining 236Wh shall be allocated to the remainingrocess heatdemand
(94TWh)and to
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Space heatingconnected with small furnacesmplies thathigher quality require-
ments must be placed on the fuéhpplication of wood plletsis clearly preferable
when consideingthe greater thermal efficiency and cleaner emissions of pellet stoves
compared withsplit-log-burning stovesThus t the portion of industrial wood that is
produced as sawdugR27 TWh in total)should be allocated for this us&o comple-
ment the demandor pellets the remaining forest wood should be reserved for this
use This is already existing pra@idue to the partial use dhinning woodfrom for-
estsfor pellet production.

1 Agricultural wood

The remainingavailable supplyf wood from agriculture equivdent to 284 TWHh is
used to coverthe residual biomass demands fdristrict (55 TWh)and space heat
(10 TWh) electricity (5 TWh)andtransport fuel (214 TWh)

Thus, the main share @locatedto the transport sector with cleaassignment to the
aviation sectoi(the largestsharebeingallocated to chemicals, see above).

All results of this allocation are summarisedable24.

Table24:  Summary of the allocation of biomass and product types to paths for use for the year 2050, EU; values in TWh

s 0 5 g & 2
_ T S g g £ £ g 3
Biomass 5 g @ *g 0 £ S > = 8 5 £
ype  Poductype SE 85 £ 2§ &% & 5 §
Forest Timber/logs 354 354
wood") Industry wood **) 564 94 142
Saw dust etc. 220 75
Total forest wood 1.138 354 472 0 94 0 218 0 0
Agricultural Gil crops 27 27
crops SRC wood 518 234 55 10 5 214
Paludiwood 100 61 39
Total agri crops 645 0 61 300 0 55 10 5 214
Agricultural Manure 70
residues Sraw 57
Catch crops 64
Landscape mat 73
Total agricult res 264 0 0 121 35 40 8 29 30
Other waste/Used wood 73 38 35
residues UCo 45 45
Animal fat 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

*) excluding byproducts from pulp/paper industry (e.g. black liquor)

**) including forest residues and unreported wooekcluding blackquor (225 TWHIg in otherwaste)
Legend for coloursndicating how favourable or unfavourable the eunde is green or favourable
scores <0; yelloywor rather favourablescore 0- <2; orange orrather unfavourablescore: 2 <4
Sourceifeu compilation, with reference t¢Graf et al., 2023nd (Agora Agriculture, 2024)

6.3 Completion of the Agora climat@eutral biomass
scerario

The previous sections have described and explained the allocatioe$s step by step. This
chapter brings together the results of these allocation steps to form an overall picture. The
outcomemarks the completion othe Agora biomass scenar{®@B$, which consolidates,
refines and differentiates the scenarios develofBdthe Agora think tankst links thespe-

cific types of biomasand their supplyto specific useslemands separately isection 6.1.

This is illustrated in the fan of Sankey diagrams, wikigure23 showing the sttus quo and
Figure24 showing the scenario for 2050.

The major changesver time up to 2050some of which are already apparent from the re-
sults in sectior®.1.4 are as follows:

Ahighershareof the slightlyreduced harvest oforest woodis used for meerial 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 (woodbased materials, textiles) will also increase.

A signifiantly reduced amount of forest wood remaiffior energy use Including
sawmill residues, only 3IPNVh remais in 2050, compared to 790Wh in 2020.

As is already the case today-psoducts from the paper industry will also be used for
energy production (internal demand for process energy), which will increasethe
estwood-based share of energy production by ZP&/h to approximately 540Wh.

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 feedstegkovided fromagricul-

tural souraes short rotation coppices (such fest-growingtrees) or residues such as
straw, catch crops or landscape material.

To achieve this, the amount of agricultural biomissignificantly increased by 2050.
Cropsincrease almost threefold whileesidues icrease approximatelfivefold com-
pared to today. Only a small residual amountffadd or feedcrops (in this case olil
plants) will be retained for oleochemistry. The large increase in agricultural wood will
be made possible by two factors: 1. this typeb@dmass is far more productive than
conventional crops, and 2n increase in plantich diet will free land previously used

for fodder cultivation, which can be used to grow the agricultural wood required.

There will be little change, in contrast, for tH&erse group ofvastes 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 tiemaining energy demandyJCO also
remains in transport fuels, but no longer for road transport as it is today, but for avia-
tion.

111

45



112= Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained vifedd

Figure23:  Total biomass flow$or energy and materialsetoday
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Figure24:  Total biomass flows foenergy and material use B05Q Agora biomass scenario
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6.4 Comparison of theABSwith Europe's climate target
by the EuropearCommission

The9! / 2YYA aaA 2y QBechiagyolrdaylive Burdpds2§40 dimate target
and path to climate neutrality by 205@European Commission, 2024#salready been
mentioned in sectiorb.1as an alternative analysis of the status quo of biomasslngéis
section, it is therefore compared with the results oétAgora climateneutral biomass sce-
nario.

6.4.1 Short description of the target

¢CKS 9! /2YYAaaArA2yQa O2YYdzyAOl A2y 2dzif AySa GKS FYOoAG?
a climateneutral, sustainable, and socially just society by 2@&0a key milestone on this

path, the Commission proposes a binding target to reduce net greenh@ssengissions by

9% 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 midntury, in line with the European Cli-

mate Law and the Paris Agreement.

To achieve this, the sitegy is built around eight interconnectgillars, including

full implementation of its existing 2030 climate and energy framework,

the social inclusiveness of the transition (i.e. creating quality jobs and protecting vulner-
able communities),

'y GLYRdzZAGNE 5SOFNb2yAaliGdA2y 5SFHfé G2 FOOSESNIXrisS GK
cular production models.

the transformation of the energy system through electrification, energy efficiency, and a
massive scalep of renewables.

reshaping the transprt sector to promote zer@mission mobility, including public
transport and clean vehicles.

evolving agriculture and land use toward sustainable practices, with a focus on soil health,
biodiversity, and climate resilience.

mobilizing public and privatevestment to support innovation, infrastructure, and green
technologies.

SINBY3aGKSYyAy3a GKS 9! Qa 3Jt20lf fSFERSNBAKALI Ay OfAYIGS
partners to raise ambition and support developing countries.

In particular, the pillars 4, &d 6 involve the use of biomass. The Communication assigns a
meaningful contribution to biomass regarding the decarbonisation across segbarsicu-

larly in energy, industry, and agriculture. It also recognises the necessity to produce and use
biomass ima 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 biomelssed supply and de-
mand only focus on bioenergyhese data are presented in the subsequent section.
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6.4.2 Demand and supply

Figure25 (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 Trget.
highest demand is for the combination of electricitydadistrict heatingg 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. Biofuelsrbad transport are expected to grow significantly

by 2040 (to 22a'Wh) but are then expected to decline again tol3Wh by 2050. There will

also be a significant increase in aviation and maritime biofuels, which will peak at 180 and
270TWh in 2050.

It is important to note that here, values describe the energy content of the applied fuels.
The lower part ofFigure25 displays the supply of feedstockood crops, cuently still a
relevant number, will be nearly phased out in 2050 (remaining supplyVi). The major
source is meant to the widely defined group of waste (88@h). In addition, there will be
lignocellulosic crops with 66DWh, ramped up to some 700Vh already in 2040. Supply of
biomass from forests is comparably low with IB&h stem wood and 130Wh forest res-
idues. Paper and pulp residues (i.e. black liquor, tall oil etc.) will deliveP\A40 Thigroup

of substances will peak in 2040 at 20P0h. The subsequent decline is based on the as-
sumption that paper production will decrease

Figure25: The EC 2040 scenag@bove:demand side; reference unit: final energy (fudlglow:supply side; reference unit: energy
contert of feedstock (including conversion losses)
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Source: EU Commission: Europe's 2040 climate target and path to climate neutrality by 2050 building a
sustainable, just and prosperous sociduropean Commission, 2024a)

6.4.3 Comparison with the Agora climateeutral biomassscenario

C2NJ O2YLI NRazy ¢gAGK GKS 32N} o0A2YFaa aoOSylINRz2x Al

mand data refer to the energy content of the final eng(fuel base). All values of this study

and the Agora scenario refer to the energy content of the used biomass feedstock. Thus, the
9! Qa RIGlF ySSR G2 0SS aol f SRverkwitdi $ ddiregtianNd |
the demand projected by the European Commission EU Commission 2050 LIFE is signifi-
cantly higher than the one by the Agora biomass scenario, as shdvwgure26.

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 hand2Agl Q& o0A2YIl &84 A0Syl NR 2
cess heat for industry.
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Figure26: The EC 2040 scenaqalemand compared with Agora biomass scenéfBS)n 2050
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Source: EU Commission: Europe's 2040 climate target and path to climatality by 2050 building a
sustainable, just and prosperous society

The comparison at the supply level is showRigure27. 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 grouthe 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 scenar@sive 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 theU 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 solidriYdo@Agora
scenario). These figures suggest that the EU Commission's approach either assumes a lower
overall denand 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 econoryidafisible
guantities 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.

Figure27:  The EC 2040 scenagdiomass supply compared with Agora biomass scenario in 2050
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Source: EU Commission: Europe's 2040 climate target and path to climate neutrality by 2050 building a
sustainable, just and prosperous socidfgu compilations based o@\gora Agriculture, 2024)

The scope of this study covers all biomass that is not used as food or animal feedaThis is
broad and complextield and cannot be covered by a study of this scope withoutiten
guestions unanswered. Many questions lie in the details of the diverse types of biomass and
their possible uses. This chapter therefore takes adepth look at a selection of specific
topics. These are intended to provide a closer look at the aealg$ 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.

Biogaswith afocus on thepotential estimatesandfeasibleramp-ups; this topic includes

an indepth case study of biogas utilisation in Germany, the country with the highest bi-
ogas production in Europe to date (andetlsecond 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 ineldes an irdepth case study of biofuel production and utilisation

in France.
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1 Organic chemicala sector thahas the greatest need for growth in climateutral raw
materials where biomass is particularly relevant as a carbrarrier. In addition, the
chemical industry is highly diverse anebjuiresspecificson technology in order to pro-
vide suitable base materials.

6.5 Crosssectoral nterlinkages

The illustration of material flows for both the current situation and the Agora biomass sce-
nario (ABSin 2050 in the Sankey diagranigdure23, Figure24) showsthe complexity ®

the crosssectorallinkages Almost all of thesdlows are interconnected in some way and
influence each othefFigure28provides a simplified overview of which ggof biomass are
generally suitable for which types of use and whitlthese combinationgre actually im-
plemented in the Agoralimate-neutral biomassScenaridor the year 20501t shows that

of the large number atheoreticallypossible combinations of uses, the majority actually
included in the Agora scenario.

Figure28  Implified schemeof which types of biomass are generally suitable for which types ofgeseral viable combinations and
combinatonsimplemented by theABSn 2050.

Timber
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Forest wood

 Fibre products

Process heat

District/
space heat

Other wastes
& residues

===p Combination implemented in the Agora Climate Neutral Biomass Scenario

Combination generally viable, but excluded by the Agora Climate Neutral Biomass Scenario

lllustration: ifeu

However, this simple representation gives no indication of how complex the individual in-
terrelationships areA 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 competitionlasd, which primarily concerns agriculturally
produced bionass Core questions are:
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How much lancshallbe 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 agriculturé land
What is to be the purpasof 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 Bee7 also in
section6.1.3.9. On this basis, an area 08 illion hectares dorresponding wit8.2% of

the agricultural area of thEU27) can be made available for biomassvided that achange

in diet actuallytakes placeresulting insignificantly less animddased foodsAccording to
(Fehrenbach et al2023) 5.3 million hectares were already occupied in 2020 solely by crops
grown for biofuels consumed in the E&libtracting the share of land atlated to ceprod-

ucts Further areas are used for growing crops for biogas production (with 1.4 million hec-
tares in Germany aloné~NR, 2024and 2.1Mha in Europg other enegy crops (energy
grass, SRC) and crops for material and technicgllu&®ha), as givernn section5.3.2

Basically, this mearlandis scarceandthis raises the second questi@bout the type of
biomass to be growrthe currently dominatingd O f | Zaénkalztopsésuch as rapeseed
(A oil) and maizeA starch)linked with negative environmental impacts multi-annual
crops such as fast growing && and grasseéSRC), which provide feedstock for multiple
uses and would alsprovide environmentalco-benefits (less use of agricultural chemicals,
more bidiversityetc.).

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 proportionsafvmill byproducts, which ac-
count for around 30 to 4% 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 forestsagriwood(SK) and sawmill byproducts 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 energyRasethis rea-

son, it is also necessary weighup whic 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 lignocdlulose. It can also be obtained from waste treatment processes for which
there is currently no obvious alternative or no alternative with more environmental
benefits (eg. digestion of manure, sewage sludge, biowaste or excess grassland cut-
tings when amnal production shall decline).

Thus, biogas and biomedinearetherefore 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, witbdgoroduction.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 potentidinsted. 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 ca also serve as feedstock for the chemicalustry.According toLo-

rentz et al., 2023Xhis indicates that there more industry branches apart from chemi-
cal industry with norenergetic gas demand.

For the production of 11.2 mitlh tonnes of ammonia in 20dBazzanella & Ausfelder,
2017)100TWh of natural gas was used (including the energy demand of the process).
Further 33.3TWh was used to produce 8.54llion tonnes of methanof a total of
133TWh for these two productd-or both products, there are also ambitions to pro-
duce them using hydrogen and, in the case of methanol, usingv@id 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 amafrastructure

Advances in the electrification of private transport result in a declinthé require-
ment for fuel. While demand for chemicals is growing due to an increase in population
and productuse. Thiss pushing industries towards flexible production and innovative
feedstock valorisation.

Interlinkages betweernergy sector and trangpt 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 highsstndards applying to aviation
fuels. Often, only minimal processing steps are required for combustian (eood:
chipping for combustion fuel vs. gasification and FT synthesis for transport fuel). The
situation is similar with biogas: if the aim is tengrate 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 tendsfavour 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 iim&ages 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 temperaturasd drought, are already affecting harvest volumes.
Losses are estimated at around MBn® per year by 2030 (sesection9.1). 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 &d@duction in logging, could therefore mean
that significantly less wood will actually be availafilhiscould mean a shortage of con-
struction timber and solid wood for other uses, as there are no renewable alternative ma-
terials availableThis effect could be exacerbated by the fact that softwood, which is pre-
ferred for construction, is more susceptible to dage from climate changes¢e section
9.1.1.4and9.2.3.].

The calculion of the agricultural land available for SR&sumes that, in addition to not
growing other noAfood crops, 8@ 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 8bis very ambitiousAs shown irsection6.1.3.2 Box7: The role

121



122 Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained vifeud

of diet development on land usis key:if only 50% of the population are following d
(instead of 889 11 million ha more are required for feed and fodder production for the
animals instead of being available to grow S&R&eondly, it may be useful to continue pro-
ducing a range of crops for the production of base materials for the clamidustry (es-
pecially oleochemicals].hese were also considered in the allocatiosection6.2.2 since
they achieved comparatively good rankings in some s@s®e sectio.2). This topic is an-
alysed in more depth in Chapt#q.

Realising the technical potential fbrogasand biomethanealso requires a certain amount

of effort. The expansion of biowaste collection and sewage sludge production (i.e. compre-
hensive linkup to central wastewater treatment systems) and the production of biogas from
these materials requires cdgtinvestments 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 admigd that this technical potential will not be fully utilise8.more in

depth analysis is also provided here in Chagfer

Which demands for biorass could turn out to be higher than in the Agocimate-neutral
biomassscenario?

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 ramppof renewable mateal 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.

Forelectricity and heat, it is unlikely that the estimated requirements oretlyuantities of
biomass needed to cover demand will be significantly exceeded. The expansion of electricity
generation from wind and solar power is progressiBgpmass is only needed here to fill
gaps and ensure a stable grid supply. Similarly for lepaice 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, evenreghe 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 itmansport. Achieving this goal could prove more difficult
E-mobility requires further significant expansion of the relevant infrastructure and support
systemsThe figures for new registrations show considerable fluctuation and stand at 14%
in 2024 and just 1.5%f @ll cars on EU roads are electrically charge@@EA, 2024 As-
sessments for €uels are equally difficult, primarily due to the high productiasts that

will persist in the longer ternFrontier Economic, 2025)

Thus, if the expected targets are not achieved here througtobility and efuels, this could
increase the pressure to make greater use of biomass. It is conceivable that even bioenergy
sources declared to be particulgrsustainable 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, 2025hows tfat 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 11l do not go further than 2030. Thus, it is unclear how obligations
will develop.TheReFuelEU Aviatiéhalready sets requiremenfer 2050with 70%sustain-

able aviation fuels (SAF). This corresponds toT385 with regard to the estimation sec-

tion 12.1.2 Half of this shall be sghetic aviation fuel (=-erosene). At least half of it will
biokerosene therefore, which is significantly higher that the volume of advanced biofuel
projected by theABS This suggests that, if the RefuelB&ldation requirements will be ful-

filled, demandor 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?

TheABSdescribes a way in which the demand for biomass to achiéwvetg neutrality in

the European economy in the field of energy and in biontaksted materials management
can be met with the available resources. It also highlights the lififiie.analysesn this
study alsoconfirm the scarcityof the potential quantities otbiomass The amount of bio-
mass currently in use would not be sufficient to meet the demand projected for 2850.
addition to tapping intocurrently unused sources of residual materials and waste, agricul-
ture playsa crucial role in meeting the rising demaincthe Agora scenario

However,annualcrop-basedbiomass is subject to criticism for requiring too much land use
and thus also for being responsible for lamgk 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 EUdgislation 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 subjegt G KS WF22R FANRGQ LINAY OA
Only as much land should be made available for this purpose as is necessary to ensure a

healthy and sufficient food supply. TRdOLUstudy (Agora Agriculture 2024) has fol-

lowed this principle.

The choice of biomass type aitd cultivation must minimise the ecological conflicts de-

scribedaboveas far as possiblén theAFOLL$tudy, theassessrant done led to thdos-

tering offast-growing trees and grasseas well ag.Jr f dzZRA Odzf G4 dzZNBT WO2y @Sy ldAz2yl t Q
crops such as rapeseed and cereals no longer play a role in thes@&5&io.

This means that woody biomass or lignocellulose forngsliase material; this in turn
requires that the appropriate technologies (gasification or fermentation) be further de-
veloped and implemented.

TheABS; which has been refined and specified in this stqdgkes precisely these condi-
tions into account. Ishows that meeting demand @54 TWh by 2050) is possible on this
basis. However, it alsshows biomass is scarce and requires arbiti@gess usage, such as

for chemicals and aviation in the Agora scenafibishighlightsthe importance of a merit

order and ofcomprehensive biomass forecastsenablea smart allocationThis is the pur-

pose of the present study, which focuses on the allocation of biomass and leads to the con-
clusions summarised below.

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/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 appkation of the criteria leads to a ranking of specific biomass use allocated to specific
biomass types. The reswanbe formulatedfor different groupings, such as the overall bi-
omass categories, the overall demand categories diosemn the form ofan allocation lad-

der. In all cases a comparisontbe current situation (data base for 2020/2&id the allo-
cation for 205Qwith the Agora biomass scenayican be made

Overall, the application of the criteria confirms thaaterial 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. lcaseathe
ranking changes with time, mostly due to

anincrease 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 oflimate protection targets also reduces
emissions from alternative products to be substituted by biomass.

adecrease or persistence in substitution relevance: Currently and in the near future, al-
ternative renewable options are available for products andsess to varying degrees.
Some will be available sooner, such am@bility 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 higemperature heat foindustrial processes.

Waste and residudased pathways always hafewer negative impacts, while high quality
wood products are connected with highest avoidance of burden. This altogetimesoli-

dates the cascading principléBiomass should generally bee preferred source for high

guality 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 proceedeafthe sources of secondary biomass have
been exhausted.

When defining secondary biomas®.residues and was)dowever, it should be noted that
residues are mostly of a primary nature, as they are associated with the production of spe-
cifically generted biomass and do not originate from a pasinsumer 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 basjpes offorest wood, agricultural biomass, agricultural
residues and other wastes according to the scores of the assessment reveals the following
(scores for current use 2020/23he use options for:

forest wood ramges from-4.2 to +7.8, which is extremely wide; and for 208906to +5.6
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agricultural biomass ranges froi.5 to +8.5; and for 2056+0.2 until +9.5
agricultural residues range fror3.9 to +2.1; and for 2056:2.2 until +1.5
other wastes range fronb.5 to +3.1; and for 2056:0.4 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 agaliaral biomasses can be rated as rather
unfavourable. However, even this ifffitult 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 higkemission production such as steel and coterds their emis-

sions will also decline in the future, the score will decrease febfhto-1.6 in 2050. Textiles,
particleboards 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
andresource intensiveHowever, they are clearly ahead of the energy options.

All energy options rank low, with heat and electricity generation in the lower etitjfivhile
transport fuels are found at the bottom of the ladder, today and in 2050. A closer look at
the energy options show®llowingranking:

process heat (high Temperature) above process heat (metkomperature) above dis-
trict heating above space h&ng above electricity.

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.

Table25 summarizes the assessment of curréotest wooduses and their allocation ac-
cording to merit order for 2050The table only includes actual uses (in 2020/25) and, for
2050, only those uses that are included in thBS Thetable also provides thguantities

and shares allocated in each cas$be 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 liqudrheinterlinked material flows are particularly
visiblein the Sankey diagrams in Sect®2.4 Figure38.

125



126=

Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained vifeud

Table25:  Allocationof forest wooduses align with themerit orderfor main uses fotodayand for the year 2050
Product type Supply Share Used vol- Share Material/  Used for Ranking
volume®) umes**) energy group
2020/25
) ) 9 Construction wood (timbe
Timber/logs 452 TWh 27% 253 TWh 15%  Material ) )
9 Furniture (solid wood)
1 Pulp &paper
425 TWh  26%  Material 9 Textile (wood fibre)
1 Particle board
183 TWh*** 1 Process heat
(black liquor 1 Road transport, adv. bio-
Indust d 11%  Ener -
_n ustry Wo_o 1198TWh 73%  from paper pro- & fuel ¢ methanol¢ gasifica-
(incl. forest residues) . .
duction) tion
1 Space heating
1 Process heat (>500°C)
789TWh 47%  Energy 9 Process heaf<500°C)
1 District heating
9 Electricity
2050
Timber/logs 574 TWh 42% 354 TWh 26%  Material 9 Construction wood (timbe
9 Furniture (solid wood)
Industry wood 789TWh 58% 473TWh 35%  Material 1 Pulp & paper
(incl.forest residues) 1 Textile (woodfibre)
1 Particle board
225 TWH** 16%  Energy 1 Process heat (>500°C)
(black liquor
from paper pro-
duction)
536 TWh 3%  Energy 9 Process heat (>500°C)

1 Space heatig

*) 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 ifVZB20, 145 TWm 2050
Used volumes for timber/logs exclude sawdust;
Used volumes for fibres exclude process residuas foaper productior(black liquor:183 ™Whin 2020
and225TWh in2050), which is considerefbr process heat and road transport

A favourable<0 score;

rather urfavourable:>2- 4 score; A unfavourable >4 score

rather favourable O - 2 score;
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Agricultural biomass

The diversity oftonsideredagriculturalbiomass 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 cojge (SRC) is clearly more beneficial than

GOt aaA0OFté¢ ONRLE ONILISaSSR: ¢gKSIFG=EZ 3INBSY YIATS

Looking at the use, the result resembles the one from forest wood: material use options
rank best with textile fromagriwood(it is of advantage to use giveibffe structure instead
of complete resynthesis.

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) andith the drop of all options based on starch/sugar crops by
2050, being replaeable by cellulosicaw materials An exception should be conceded for
vegetable oils thatfirstly, have very specific quality requirements for material use (e.g. hy-
draulic oils) andsecondly, ee providedby oil crops that do not require intensive cultivation
and have dow iLUC risk (e.g. castor oilj.almostall casesthese aramported 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 presedtby 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. Pabasei fuels, which were
included here as a referen, are definitely at the bottom of the list.

Table26 summarizes the assessment of current uses and their allocation according to merit
order for 2050 While the chage from the current situation to the scenario for forest wood
was mainly due to a shift within existing uses, there are very signifitemgedere in both

the type of biomass and the type of ugexcept for the small amount of vegetable oils used

in oleochemistry (and evetien, only on condition that lowlLUC feedstock is used), nothing
remains of the crops currently grown and us&dmandc which ishigher than todayg will

be met entirely by wood from SRC or paludiculture. Thigwitharily serve the significantly
growing demand of the chemical industry, which accounts for over 50% of the &haeze-

ond place is the aviation sector and its considerable demand to meet the ReFuelEU Aviation
target3° Remainingsupplyquantities carthen be allocated along the merit order to cover
gaps in various energy sectors.

30 1t should be emphasized that demand resulting from regulatory targets under EU rules doesynat pla
role in allocationjust, the ranking and merit order are decisive.

(o))
O
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Table26:  Allocation ofuses ofagriculturalcropswith the merit orderfor main uses for 2020/25 and for the year 2050

Product type Supply Share Material/ en- Used for Ranking
volume*) ergy group
2020/25
Starch/ sugar 4TWh 2% Material 9 Technical starch
32TWh 14% Energy 9 Road transport, conventional biofuel -
Oil crops, unspec. 12TWh 5% Material 9 Oleochemicals
9 Aviation/shipping, conventional biofuel
65TWh 28% Energy ) )
1 Road transport, conventional biofuel
Oil crops 0 . 1 Oleochemicals
(low-iLUC)) 12TWh 5% Material -
Palm oil ) M Oleochemicals
o 12TWh 5% Material
(high-iLUC)
12TWh 5% Energy 1 Road transport, conventional biofuel
Green plants 1 Process heat
(green maize)  District heat
83TWh 36% Energy
1 Space heat
9 Electricity, biomethane
2050
) 1 Fibres
334 TWh  52% Material ) ) e
1 Chemicals, biomethanol v@asification
SRC, f District heaFmg
paludiwood 70 TWh  11%  Energy fl Space heating
f  Electricity
214 TWh  33% Energy 9 Aviation fue] biomethanol via gasificatio
Oil crops lowiLUC 27 TWh 4% Material 9 Oleochemicks

*)  Supply volume describe the energgntent of the original biomass (wogpdsed oil)
*¥) Castor oil is mentioned here as an example of-lbWC riskil crop
rather favourable O - 2 score;

A favourable<0 score;
rather urfavourable:>2- 4 score; A unfavourable >4 score
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Agricultural residues

For all four selected feedstocks (manure, strawdirape 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. chemicalg 2. advanced biofuet 3. process hea(>500°CY;, 4. process heat (<500°€)
5. district heatg 6. space heat, 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 utilisadiether 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 inleniddge 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 chemicalsr(mstef demand) and
the use of manure (in terms of supply) should have always be given priority.

Table27 shows a significant increase in supply volume over timaddition to the increase

in manure (despitéhe reduction in livestock farming) and straw, the potential of catch crops
and landscpe 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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Table27:  Allocation of uses of agricultural residues witle merit orderfor main uses for 2020/25 and for the year 2050

Product type Supply Share  Material/  en-Used for Ranking
volume*) ergy group

2020/25

1 Chemicals bioethylene,

. :
Straw 8 Twh 15% Material hydrolysis/fermentation

Process heat
District heating

Space heating
Manure 47 TWh 85% Energy

=A =4 =4 =4

Road transport, advanced biofue
biomethane

9 Electricity¢ biomethane

2050

57TWh 22% Materials 9 Chemicals bioethylene,

straw hydrolysis/fermentation

Manure 70TWh 27% Energy 9 BHectricity (Combined Heat and
Power plants)

Process heat
District heating
Space heating

Electricityc biomethane

= |=a | =4 =2 =

Catch crops 64 TWh 24% Materials Chemicals bioethylene,

hydrolysis/fermentation

Landscape material 73TWh 28% Materials Process heat (>500°C)
District heat

Electricity (direct/biomethane)

=A =4 =4 =4

Aviation fuel, biomethanol via
gasification

*) Supply volume describe the energy content of the original biomass (manure, straw etc.)
A favourable<0 score; rather favourable 0 - 2 score;
rather urfavourable:>2- 4 score; A 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 residas, for all these feedstocks, the best results are achieved when the mate-
rial is used for chemical production.

By 2050, the secondest application is high temperature process heat for all three feed-
stocks. Apart from that, the feedstocks need to be eatdd 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.

Blad 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.

¢tKAa YSIyas (KIG 20SNJ GKS t2y3 GSNY (KS 060A2Ylada WLINE'
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, mgahat the surplus

guantity of UCO and animal fat can also be left todk&tion 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 midtipathways for chemical use,

black liquor is a more complicated material, processing it to chemicals is still not that ad-

G yOSR® ¢Kdzax Ala dzasS F2N) KATIK GSYLISNI GdNBE LINRBOSaa K
perspective. New developments may chanpgestassessment in thieiture but are not ex-

pected at this point

Table28 shows relatively minor changes for this biomass group until 2066.quantities
are already largely recorded today. The biggest changdB8is seen for UCO, which is
currently mainly used for biofuel in road transport. In contrast, its main use isd¢banario
will be as aviation fuel (SAF).
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Table28:  Allocation of uses of other wastes and residues with the merit ofoilemain uses for the year 2020/25 and for the year
2050

Product type Supply Share  Material/ en-Used for Ranking
volume¥) ergy group
2020/25
UCo 45 TWh 13% Energy ] Awanon/shmpmg {Road transport,
conventional biofuel
Animal fat 14 TWh 3% Energy 1 Road transport, conventional biofu
Used paper 145TWh 42% Energy 1 Pulp & paper
1 Process heat
Used wood 73TWh 23% Energy
1 Electricity
1 Space heat
9 District heating
S;gwaste, sewage sludg67 TWh 19% Energy 1 Process heat
'  Electricity
9 Aviation¢ adv. biofuel -
2050
Animal fat 7 TWh 2% Materials Oleochemicals -
Used paper 178 TWh 45% Materials Pulp & paper -
Uuco 45TWh 11% Energy Aviation¢ conv. biofuel
Used wood 73TWh 21% Energy Process heat

Space heat

Biowaste, sewage sludg89 TWh District heating

0,
otc. 23% Energy

1

1

1

1

9 Electricityg biomethane
1

1

1 Process heat

1

Electricity

*) Supply volume describe the energy content of the original biomass (use apipdal fatetc.)
A favourable<0 score; rather favourable 0 - 2 score;
rather urfavourable:>2- 4 score; A unfavourable >4 score

Comparing the allocation result with focus on current usagesAi&S

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 optionedlmasthe
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 unfavourableagtices, 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 biomss 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 moltegh
alternatives. When focusing on a higher granularity level, in particular for the material use
of wood, whereas the synthesis of chemicals from wood (in partidcdan agriculture) is

likely to take up larger volumes, smaller areas of application that eehiery 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 ann&l crops) there will be more technical options to cover the demand of
the scenario than at the currentate (lignocellulose converted tbasicchemicals oavia-

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 resoes offer larggotential butalso require political support

in order to advance their production and the technologies for their processimgarticular
when it comes to the chemical sector. On the other hand, the rhagtly ratedfeedstock
sources (gch as manure and other residues) are only available in very limited quantities
(although there isalreadypotential forimproved recovery todayit will remain relatively
limited over timé). This demonstrates the importance to mobilise and exploit also the small,
highly rated potentials instead ébcusing 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 timegdbssin 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.qg. for electricity, hensport and organic chemicals sec-
tors. This may lead to competing interests for options thate limited available supply. It

can als@oint to a preference for feedstocks with high volume potentials (due to e.g. quality
standards, scaling, economiesstzale) with the risk of discarding the most favourable ma-
terial options,but with limited volumesthat would remain unexploited.

The demand for biomass in individual sectors varies in reasons and degree of urgency.

For electricity, biomass will only servelaskup generationto flexibly fill in for supply gaps,
since other renewable sources will cover the main demand. In absolute terms, this means a
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for this purpose than gaseous fgebiomethane 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 higimperature process heat, for which there

are few alternatives to renewable fuels other thagdnogen outside electrificationFor

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, wadbased biogas islso 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
groundbased transport. There will still be demand for liquid fuel in the aviation and, to
some extent, marine shipping sectdwiation is expected to require considerably more bio-
fuel (SAF) to meet the quota obligation by RefuelEUAviation in 2050 than the98wh

of biomass allocatedherein the Agora scenaridDue to legal requirements, this will no
longer consist of food and feed crops, but will be primarily wbaded, respectively based

on lignocellulose. Thus, current usage will change significantly.

For the production of manic 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 fororganic chemical products, the only alternative to biomass would befilG@M

air. Solid biomass (wood, lignocellulose) is the major basis B&igting specialised subsec-
tors such as oleochemistigan continue to use animal fats. By contrast, whilst the use of
UCO is also favourable according to the merit order, quediigted constraints may apply
here. For technical reasons, this sector would continue to rely on specific vegetable oils,
which are, lowever, rated rather unfavourably under the merit order. By limiting this to
such cases and to IeikUC 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 fatbara-

ble according to the merit order

From the materiduse 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-
pansionin the construction sector. The construction sector is dependent on stem wood
from forests. However, sawmilling also producegibgducts that are used as raw materials

in the other sectors. Concerning total consumption of forest wood, the increase insthe

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 woodasedtextile 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, thHs can replace the two main production paths that are problematic from an envi-
ronmental perspective (cotton and fosbihsed synthetic fibres).

7.2 Insightson sustainable biomass use EU legislation

The EU Directive on the promotion of the ugeenergy from renewable sourceRED llI, 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 (FelEU Maritime) put also theEuropean carbon trading systefBU ETS)

refer to it, particularly when it comes to assessing sustainability. As already emphasised in
the InfoBoxBox1 (section3.2), the focus of the RED I4 clearly on energy use. However,
along withthe 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 llI.
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In that sense, article 3 paragraph 3 and 3adjestipulates 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 lll regarding bioenergy consists of

setting quota targets (as a percentage of total energy consumption or based on a GHG
quota) specifically for bioenergy and

minimum criteria for the eligibility of specific bioenergy consignmentsHese 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 wduch 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 dé&fiae)
definition of criteria allows for some value judgeamt as well as their iplementationcan

be subject to interpretationslust the greenhouse gas accounting method, as defined in An-
nexes V and VI of RED lll, cannot be applied to material uses. This means that the existing
method cannot be used to compare energy and material uses. And the &@lBiE® is only

part of the picture. Environmental assessment brings many other aspects into play, not least
the question of economic added value.

Thus, REDI Iacks concrete approaches on how to implement this. It is left to the responsi-
bility of the Memler Stateswhich can leatb distortionsof the internal market

The inclusion of theprinciple of @sade usein 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 categoriesggmmingfrom the EU Waste Framework Directive),
there are currently no guidelines on how to implement thigaractice thereis no evidence

that the four usesat the top ofthe priority list (a. wooebased products, b. extending the
service life of wooebased 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 prodwction of chipboard instead of burning But such effortsare counteracted by the

fact that the largest share of bioenergy is supplgdarfrom primary forest wood (see the
material flows irsection9.2.4, Figure38). This study and the Agora biomass scenario show
that the markets for material product of wood anotherbiomass can and should incregse
following the cascadingircularity and efficiency principles

7.3 Final resume

The assessment approach established in this study for deriving an allocation ladder was de-
veloped onthe 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 waselopedby Agora

Residues iad 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. Therefor
only those flows that are harvested in the course of regulated and sustainable forestry, do
not reduce thecarbon 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 harvestingest for
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 sechoraddition lowering the harvest rate

does have many advantages, such as strengthening the sink effect and, above all, promoting
ecosystems healtand biodiversity.

Agricultural biomass takesdeterminantrole. On the one hand, it is associated with critical
negativeenvironmental impactsith current practices. This igflected in theallocation
ladderclassificationsOn the other hand, agriculturean shiftto multi-annual crops to con-
tribute to meeting biomass demanasdiverse waste andesiduespotentialsare limited
and forest woodsupply is constrainedlhe very first prerequisite is thdbod security is
ensuredwhile the remaining areaanbe used for cultivatiorof other bbmass types than
food and feedThe type of biomass cultivated shoylbvide forbiodiversity and ecosystem
servicesn addition tofeedstocksThis can best be achieved by growahgrt rotationcop-
pice plantations or agroforestgnd the like on arable land

With regard to the allocation laddeit has already been pointed out that, despite the wide
variety of options, material uses generally prove to be advantageous. The prioritisation se-
guence for energy uses is relatively similar across all types of biomasseHhligérature
process hetis alwayganked favourable ashere are relatively few renewable alternatives

to biomass for this purpose.

Lowtemperature process heat and district heating follow in the allocation ladgi®@mass

use for pace heatingelectricity and transport fuek rather on theunfavourable sidede-
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 respectdts implementation will entail significant changes in biomass flows and
usesover time This will require political decisions and support, adegquatelegislation
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9 Forestry

Wood or woody biomasproduction from foress, its subsequent harvest, processing and
use depends on many general and locatdas 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 fovest standstype of forest, forest management
practices, the harvesting rate and the impacts of climaienostall Member States are en-
dowed with forestsHowever,these forests diffein terms of productivitydownstreamin-
dustry, ownership, management practicasd 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 Regionaldifferences in forest management

As highlighted in the Agora report, forests types and management practices vary signifi-
cantly between Member States (M@gora Agriculture, 2024Thesedifferencesare ana-

lysed by dividing the Eldto regions: North EU, Centrdfest EU, Centrdtast EU, South
West EU, Soutkast 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 faest wood supply potential and wood consumed for energy are highest in Gentral
West EU and North and lowest in the Scdhast, as shown ifiable29 (Forest Europe, 2020)

Table29: Basic érest nformation, EU regions2020

149

North Centrat Centrat  South South
West East West East
Forest area pecapita (ha/capita) 2.16 0.15 0.31 0.27 0.33
Growing stock (rftha/year) 129 242 254 60 116
Forest available for wood supply (% of growing sto 83 96 78 88 71
Wood energy consumption (Mt/year) 50.7 72.7 5.6 - 4.3
Wood energy consumption @apitalyear) 1.8 0.3 0.51 0.45 0.5

Source: compilation based ¢Rorest Europe, 2020)
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It must be emphasised that the dataTiable29refer to the year 2015 and therefore do not
provide an upto-date picture.More recent data are not available in this format. However,

it can be assumed that the use of wood for energy puegsosas increased in many coun-
tries. In particular in SoutiEast the share of fuel has strongly increased during the last years
(Eurostat, 2025a)

Despite thisregional 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
anincrease in natural disturbances such as droughts, storms, pest and insbotakd. 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 objectivén® forest ownerConventional
rotational forest mangement (RFM), or eveaged forests with cleagutting, is applied in
almost all parts of the EU, as shown by the Forest Information System of Europe of the Eu-
ropean Environment Agend¥EEA2025) It supports the joirdproduction of small round-
wood thinningor pulpwood) and stems. Young trees cut down at the early stage of regen-
eration, and smaltliameterstem woodwhich do not qualify as sawlogs can be chipped and
used for fibre or wooebased 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 Nort,gmsd |

in the South Figure29).

In fact, singldree logging is also widely established in Germany and Austria, since clear
cutting poses a high risk to settlemerand populations in densely populated mountainous
regions.(Bohling, 2024)

Figure29:  Treespecies distribution in Europe (lefihd percentage of continuous cover forestry (CCF) (right)

Percentage of Forest Area CCF

- Classes: N/A
Ho
W1-5
6-25
M 26-50
M 51-75
M 76 -100

Source: left(Brus et al., 2012)ight: (Mason et al., 2022)
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The resulting quantity, size and quality of wood proéd 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 shotat 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 ctaas are prone to windfalls. Even if
good forest management can minimize the probapjlitountries can expect to have a cer-
tain level of disturbancénduced mortality Implementing adaptation measures such as ac-
tive planting, changing forest structure, assisted migration, and other silvicultural measures
such as thinning can help preventdareduce the occurrence of disturbanc@&uropean
Commission, n.d.Countries are also in the process of building capacity to prevent, control
and respond to disturbance activiyh Q1 | NI g wThié WillH&Ip to elamify tasks

and improve capacity related to the four phases of forest crisis management: preparedness,
prevention, response, and recove(fgFl, 2020)

As can beeen inFigure30, forests in different regions of Europe are sensitive to calamities

in different wayqForzieri et al., 2020)ulnerability to windthrow is higher in Norway, the
northern British Isles, Portugal and southern Europe, and especially in mountainoussregion
(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,rieinthe European

part of Russia, the south of the Iberian Peninsula and Turkey. There, the potential relative
biomass loss (PBI. locally exceeds 35%, while forests in humid climates such as Central
Europe and mountain regions generally have lower vaMaerability to insect infestation
generally increases from south to north and from low to high altitude regions, withiPBL
reaching up to 30%.

A more recent studyconcludes asignificant increase in forest disturbance in 34 European
countries resulting inan average of 43.8Im?3 of disturbed timber per year over the #@ar

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 larggeale disturbances will reduce growth and increase losses of
timber (Reyer et al., 2017Measures to preent or control disturbance agents must be
taken to improve ecosystem stabilityh QI I NI g  w Bnéd tReS&ar 1950 mlis-0
turbance damage has amounted to around 52 #par year(Patacca et al., 2023and it is
estimated to increase to around Mm?3in 202:2030(Seidl et al., 2014)n practice, adap-
tation measures could entail focusing on areas that have suffered from disturbances, for
example reducing the dominance of vulnerable spe@iéshlgemuth et al., 2002)ncreas-

ing species diversity, and ensuring the presence of regenerating feenan, 2015)
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Figure30:  Vulnerability of European forests to fire, wind and insect outbreaksasured byotential relative biomass loss (RBL

Current vulnerability (2009-2018), PBL__, [%]
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Windthrows

Insect outbreaks

PBler: potential relative biomass loss
Source(Forzieri et al., 2020)

9.1.1.3 Forest ownership and intrdarade

Forest sector actorsncludingForest ownerscompanies businesassociationsandforest
owner cooperativesmake up a highly fragmented network. Forest ownersrig legisla-

tion affect decision making and therefore also the forest available for wood supply. Due to
historical circumstances, around @®bf EU forests are privately owned (e.g., individuals,
companies, other organisations), and%@ublicly owned (e.g., governments, regionis
municipalities).Private ownership is more common in the North, while most forests are
publicly owned in the South Ea@flauser, 2021)see alsd-igure31. The fragmentation of
forest ownership often leads to inefficiencies, which can be tackled by management initia-
tives and advisory service, such as forex{Eurostat, 2024h)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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Figure3l:  Forest ownership in Eld 2013
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Sourcehtips://efi.int/forestquestions/q2_en referring to(Pulla et al., 2013)

The size, quality and use of the growing stock akyacross regionsrhe flow of materials
from the forest to processing sites is diffit 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 rediabl€30).

Table30: Trade balance of EU regions in million cubic mefeh®®) roundwood 2023

Exporting region

- =) ) ) )
p & u gw el g .
5 5 8 S @ 38 34 2
=z o= O w N = N LW =
North EU 7.04 1.15 0.42 0.00 0.00 8.61
[
S CentraiWest EU | 1.07 8.84 - 0.63 0.43 2115
- CentralEast EU 0.67 1.83 7.31 0.01 0.08 99
£
§ SouthWest EU 0.07 1.25 0.31 1.42 0.64 3.69
= SouthEast 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
EUVolume of trade balance: 0 >00.3 >0.31.5 >1.5-10 A >10

Source: Own compilatioby SYKHBased on UN COMTRADE
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9.1.1.4 Impacts of forest management and climate change wood supply

According to an evaluation of various impact assessments by the EU Comfhission
ducted by Bottcher & Fallascl{2024) removals achieved through forest management
amount to- around-320Mt CQeq per year over 2032050.This estimate is highly uncer-
tain, as the development of the siffidepends on future forest growth, biomassées and
many other factors. Importantly, theULUCF sink targeare binding unti2030and must
negotiatedafter. Recent greenhouse gas (GHG) inventories show that the EU forest sink has
been deteriorating rapidly over the last ten yegEsirostat, 2024b)rhe average forest sink
was estimated at456.9 Mt C@eq per year over 2012014,-374.9Mt CQeq per year over
20152019, and-332.6 Mt Ceq per year over 2020022.1t means a 27% decline in the
average sink between 2042014 and 2022022, which got even worse in the last few years
(JRC, 2025; Migliavacca et al., 2025)

By combininglifferent managemengactivities incl. a temporary reduction of timber har-
vest, forest adaptation, and significaafforestation the Agora scenario estimates that a
net sink of 290 Mt Cf2q (similar to 2020 levelg)ould be maintaineddepending on climate
change impactsvhile keeping roundwoodupplyat 2020 level®n averagg490 Mn¥).

In the next sections, wiwok more closely at different management strategies and activities
that can help sustain and increatiee EU27 forest sink and biomass supphhese include
increased rotation lengths, provenance selection and disturbance manageientover,
safeguarding ad protecting regrowthof stocks prevention of deforestation, andmore at-
tention for forestrestorationwill increase forest resilience

The prevention of tree cover loss can increase the carbon sink in target years, but typically
has adverse effects omood supply by restricting harvestifgerkerk 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 derrsidd (certification or
demand redation) (IPCC, 2022)Protection could also mean preventing deforestation,
which is highly relevant in the E2Y where around 0,04¥lha is annually cleared for settle-
ments (average 2018021), causing 1Bt CQeq per year in emission&nited Nations,
2023) Multiple studies have estimated what potential effects protection could have on the
forest sink ad wood supplylmplementing different interpretations of strict protection for
reaching EU Biodiversity Strategy (EUBDS) goals could mean having to choose between
maintaining harvest levels or reaching sink targ&eegor et al., 2024).otzeCampen et al.
(2018)find that creating reserves for EUBDS reduces harvesting-8g 461 by 2040. The

sink benefits otreating reserves depends on the scenario but are typically in the range of
50-100 Mt CQeq per yeafLotzeCampen 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 fo#8GC, 2022)

3le.g.: Commission Staff Working Documents: Impact Assessment Reports accompanying the proposals for:
Regulation on the inclusion of greenhouse gas emissions and removals from lafehdsgse 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 findC$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
committingto 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 sedootnote 10
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Changes to managememay increase resilience to disturbance risks, mainly by preventing
losses and/or optimizing for specific ecosystem services.

The Agora scenar{@gora Agriculture, 2024stimates that between 2025 and 2050, large
scale adaptation of forest stands to prevent climateange induced disturbances in 20
could increase merchantable wood supply bylZ® Mn? per year, corresponding to 56 to
220TWh.This approach and the eéstated rangeare generally in line with the scientific
literature. A previous study finds that applying adaptation measures that increase growth
on 70Mha could increase supply of an additional\3&® (Nabuurs et al., 2017Yhe imple-
mentation of adaptation measures should target locations which are increasinglyeaffec
(Seidl & Senf, 2024) order to develop resilient fores{€antarello et al., 2024)

Overall, swiftactions 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 tamlapta
programmes and the evolution of the forest sink remain high moving forward.

9.1.2 Bascdateline for the Agora climate neutral biomassenario regarding
forest wood supply

9.1.2.1 Current situation

Taking into account the preceding analyses, the central taski®kthdy 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 2050.

According to Eurostat dat@.d.) between 550 and 56Mm?3 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 td#7@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 fuehswved

as data for net imports. The forest part of the Agora study refers to that source and pro-

jected a baseline for 202@.ccording tdAvitabile et al(2023) the EU's roundwood produc-

GA2Yy 2dzald O20SNRA vy p: 2A3Imalliskdte 002)2% & prol@latrifyfiet s 2 2 R & dzLJLJX & @
imports.¢ Kdza £ (G KS 3l LI A& Skt froh Yk the woodmas/rékls LJ2 NI S R
moved or imported were unknown and notlued in the official Joint Forest Sector Ques-

tionnaire that was used to collect data on the use of woody biomass in energyégéatior

tabileet al., 2023)

Thus,uncertainties in the figures are not insignificant in view of the different dagesed on
Eurostat datg2024b) wood extraction is around 10% higher, which would result in approx-
imately 1,420TWh.Avitabile et al(2023)confirmesuch uncertainties, when concluding that
the applied removal valuegre likely underestimated by up to 13%, mostly because of the
ladk 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 fell@@amia et al., 2021The remainder is referred to
asforest resilue, 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 discuas
available biomass potential, especially as energy wood. However, its removal counteracts
the aforementioned ecosystem benefits.

While wood balances are mostly expressed in volumetric unito(im?3), the Agora sce-

nario is expressed in energypits (TWh). This requires a uniform and consistent conversion.
The applied conversion factor is 2.88Vh/m3,33 representing a reliable average of ranges
given by wood species and final moisture conterdable31 gives the baseline datom
Eurostatin thousand M and the conversion in TWh per year, referring to the year 2020
They are set against thestimations by this study based éwitabile et al(2023) (Camia et

al., 2021¥orming the baseline for the scenario givieyn(Agora Agriculture, 2024According

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 accant 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 signdntly higherThis 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 b@eis.

all, the clasification according to Eurostat data is difficult to transfer to actual uses and can
lead to misunderstandingd.his is because the actual amount of forest wood used for en-
ergy ishigherthan the 720TWh listed inTable31, which only describes direct energy use.
Ultimately, the use of byproducts from processing (sawdust,-pgoducts from the paper
industry such as black liquor) must also be taken into accounhe€332TWh ofindustrial
roundwood listed, only a portion nally used for material purposes. However, this only
becomesapparentwhen considering the processing chain, which is driven by demand.

With regard to the differentiation between softwood (céei) and hardwood (noitonifer),
this study(seeTable31, third column)draws on the following source&or the total of
roundwood production in the EU27Eurostat, for the differentiation in sawnwood:
(UNECE/FAO, 202ZFAO 2022)

Moreover, he material flow of thevood market is closely interwoven with waste flows and

is often not broken down in a very differentiated mann&s mentioned above asvmill by
products are initially a component of the round timber removed from the forest and only
accumulate when it is pcessed into sawmwood. The term industrial waste wood can be
confused with postonsumer 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.

33 With 2.24 MWh/ne for coniferous wood (softwood) and13% MWh/m for non-coniferous wood (hard-

wood)
34


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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Table31: Forest wood supply in the EU 27 in 2020

Eurostat rend progressior? Supply this study’

Supply thousand n? TWh TWh TWh
PRODUCTION EU_27

Industrial roundwood removals (conifer) 293,951 66C 697

Industrial roundwood removals (neconifer) 81,677 25¢ 235 092

Fuel wood removals (conifer) 33,632 75 426

Fuelwood removals (neoonifer) 82,582 261 294 720

Bark 69,612 17C

Total roundwood removals (conifer) 327,583 73t

Total roundwoodemovals fion-conifer 164,259 51¢

Total production (over bark) 561,453 1,42¢ 1,650
NET IMPORT EU_27

Industrial roundwood (conifer) 7,355 30

Industrial roundwood (noiftonifer) 4,298

Fuel wood 400 1.3

Total net imports 12,053 31.3
Total overall 573,506 1,455 1,650

Source: afurostat datgn.d.), (N. Cazzaniga et al., 2018) by(Agora Agculture, 2024)with reference
to (Material Economics, 202I(N. E. Cazzaniga et al., 2022)

9.1.2.2 Forest wood supply for th\BSup to 2050

The Agora scenari@s déined by (Agora Agriculture, 2024)ncludes three fundamental
elements concerning forest management in order to increase the resilience and strengthen
the carbon sink of forests:

Adapting forests towards resilient stands:

Up toone third of the EU forest area (around Biillion hectares)ould 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 tatlap
measures. Depending on the degree and pace of adaptation measures, the related
harvest potential is evaluated at around 25 to 10 per year.

Delaying the harvest in targeted forest areas;

This means that overall, wood harvest will be decreasgdl(®% annually, due to
adapted forest management, favouring carbon sequestration and biodiversity func-
tions. The 490m? of harvested forest wood (inatling bark, corresponding to an
energy content of 1,28%Wh) calculated by the Agora scenario for 26a8ed on FAO
and Eurostat data is thus reduced to apgroately 440Mm? (corresponding to an
energy content of 1,16TWh).
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Increasing active afforestation;

The forest area is projected to increase by 5 million hectares fronmiilion hectares

in 2020to 165million hectares on agricultural land B950 at the latest. These newly
developed orest 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 currenpplysituation (seesection
9.1.2.1), leads to the development of timber supply until 208@wn inFigure32. It will

also depend on the&olumes of salvage loggings due to climate disturbances and felling as
part of adaptation programmes, thus compensating thé&4ttarvest rate reduction in cer-

tain years.

With reference to(Agora Agriculture, 2024}he Agora climataeutral biomass scenario

combinesthe production of additional woody biomass outside forests, in the form of agro-

F2NBaldNE 2y NI oftS fFyRY Wi2 o6FlflyO0OS GKS AyONBIFaiAy3
change mitigation, adaptation and biodiversity profed 2 y Q ¢! 32 NI} | ANR Odzf G dzZNS HAHn X

Figure32.  Forest biomass supply based on key figures by the Agora scenario, with higher granularity by ifeu assumption, in the
EU27 (20262050)
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9.2 Demand for forest wood

9.2.1 Analysis of influencing factors on théemand for timber and fibre

EU27 forestbased industries consume more 500 Mimundwood every year. Around 30%

ends up in timber products (sawn wood or webdsed panels) and 1504 fibre products

(pulp and paper)Avitabile et al., 2023; Kowalczewska et al., 20B&cause of the inte-

grated processes and characteristics of wood material, large amounts-miodycts are

generated at different stageof the value chain and recycled or used for enefAggund

20% of harvested wood is used directly as fuel, and when accounting for secondary residues,

around half of all harvested wood is used for eneffgigre33). In the European Commis-

ar2yQa a0OSyFNAR2azr (GKS SySNHe& dzaS 2F aSO2yRINE
(Europe@n Commission, 2021a)

Figure33:  Woody biomass flowsEU 27 + UR017 (inkt dry matter, including net trade).
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roundwood
(30.426)

Bark
(30,587)

Primary wood
(86.379)

Post-consumer
wood
(17.531)

(10477) iy
Energy
(194,851)

Uncategorised
wood

(15885)

Source(EEA, 2023) based on (JRC, 2022)
unit: kilo tonne dry matter

Based on the criteria developed in this @y wood use could be improved by prioritising
timber products over fibre products (see sectibri). The favourable scores in resource ef-
ficiencyand climate protection are partially attributable to the relative longevity of solid

&
QX

Pl
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wood products compared to other product categories .with a-tifdftime of 25¢ 35 years
(IPCC, 2019 he benefits of timber are also recognised in the EU Forest Strategy and the
new EU Bioeconomy StratefffU Commission, 2022; European Commission, 2021b)

combination, the production of additional woody biomass outside forests, in the form of agrofores
FN}ofS fFyRE Wiz olfllyO0S G(4KS AyONBlFaiay3da RE
FRFELIWGEFGAZ2Y | YR 0 A 2daAAG&NErd 2024, pLINRR)(iFSrésii woBd/a@d windd 3
agriculture (agroforestry, short rotation coppice, and paludiculture) together cover the growing dt
for woody biomass.

9.2.1.1 CQurrent structurein EU regions

The curent structure of timber industries is mainly focused on coniferous sawn wood and
particle board Figure34). Production is spread across EU regiohe [argest share of sawn
wood is produced in North EU.

The structure othe fibre industries is diversifiedwvith paperboard, followed by chemical
pulp and case materiglfaving the largest sharefhe geographic distribution is spread,
with the SouthWest, North, and Centrdlest regions as main producers in these catego-
ries (seerFigure35).

Figure34:  Production of timber products in EU regio2621.
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Figure35:  Production of pulp and paper products in EU regi@@R1.
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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 scenarioAgora Agricultur€2024) Therefore, the primary
focus here is on their forecasts, which are then compared witis¢hof othersourcesRe-
garding harvested roundwood to timber productslaterial economicsallocate 408459

Mm3. To fibre products they allocat&36-379 Mm?3, subsuming wood for pulp and paper,

for insulation material and textiledoreover, he study focuse on avoiding biomass com-
bustion and does not go into higher granularity of end uses (e.g., sawn wood, textiles) within
the categoriesBy comparing to other Elével studies, we find a similar allocation of round-
wood to timber products, but a wider rangd estimates in the allocation to fibre products,
depending on future assumptions (s€able32).

Table32: Allocation of roundwood tsectors in 2050 according to demand forecafid 27

Timber Fibre(Mm? Total forest wood

(Mm3 RWE) RWE) (Mm*RWE) Reference
Material Economics 400459 336379 800 (Material Economics, 202:
Forest sector outlook stud: 427 185 612 (FAO, 2022)
ForestNavigator 243358 198262 540- 620 (Kunttu et al., 2024)

Philippidis et al. (2024) 317-376 244-271 600- 6202 (Philippidis et al., 2024)
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a) Thetotal forest wood sums also provideinima and maxima of the rangeas sometimes the maxi-

mum ofthe 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 pr@aacs
2022) In this forecastthe construction sectodrives the demand for timber products in
Europeto 427 Mm? by 2050includingsawn wood demand at 25@m?3, veneer and plywood
around 30Mm?, and particle and fibre board around 1Rn3. Scenarios of the Forest Nav-
igator project model that the demand for timber products remains around 2@26ls or
decreases if the construction area per capita becomes smaller i(@48ad of358 Mm?3
when minimising the demandKunttu et al.(2024)find that changes in demand for timber
products will have minor effects on harvesting, as any growth intaartfon could be cov-
ered by reduced export volumes, which are elafttlippidis et al. (2024) find an increasing
demand for sawn wood, that slightly increases wood allocation to timber products (330
335Mm3).

Scenarios for demand of fibre products ot provide a consistent picture. Whereas some
assume a decreasing demand, other portray a growing demand for fibre prodiertsand

for paper(in particular packaging papevaries as a result afifferent assumptions regard-

ing the products that can beubstituted using chemical pulp. The Forest Sector Outlook
Study (FAO 2022) expects fibre demand to decline from 2020 levels to aroumdiniBas

a result of decreasing consumption of printing paper (mechanical pulp), which is not fully
compensated by incesed demand for packaging materials and alternative fibre products
(chemical pulp). According to CEPI Key Statistie808ailliontonnespaper and board are
produced in 2020 to 2023 (CEPI 2023) (CEPI 2B@b6}his, 140 to 155 million tonnes of
wood areneeded, corresponding to 360 to 380 TWh (Sable33).

Table33: Wood demand for pulp and paper industry in Europe.

Mm?/a 2021 2022
Total consumption on wood 153 14€
Hardwood 40.7 37
Softwood 112 10¢
Imports/Consumption 14.3% 10.4Y

Source: (CEPI 2023).

Kunttu et al.(2024) modelled gveral scenarios, all concluding witim overallincreasing
demand for fibre products (198 to 262m3), driven by growth in chemical pulp and recycled
pulp (due to growth in market for woebased 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 wbaded textiles production in-
creases, and that 2@of plasticpackaging 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 thatports are included in the estimate. If the amount
that Philippidis et al. (2024) find is exportegh to 85Mm?3 would be reduced from the Ma-
terial Economics estimatdhen, the demand would be closer to that estimated by other
studies.lt 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 apptations seem to have a more optimistic outlook, with opportunities in replac-
ing plastics and textiles. Algmart of the chemical industry, getting ready to uséignocel-
lulosic feedstocks, including agricultural residusEsa raw material for organic chemicals.

9.2.2 Bascdatafor the Agora climate neutral biomassenario regardingdrest
wood demand

9.2.2.1 Current situation

According to the Agora scenario basedMaterial Economic$2021) consumption in the

EU27 in 2018 is as shownliable34. According to this scenario, 6 MWWh will be processed
as timber for material use, with an additional 3T¥Vh going into the production of fibres.
AsTable34 shows, 336T'Wh are used directly as energy wodtbwever, the ratios shift

significantly along the processing chain up to the end produlthe. demand for energy
wood acording to EU Fossil Gas KEgtaf et al., 2023amounts to a total of 1,038Wh.

Table34: Forest wood consumption in the EU 27 in 2018

163

Total demand for Contribution by Contribution by

solid biomass waste streams forest wood
Demand TWh TWh TWh
Material use®
Sawn wood 253 253
Particle boards 212 81* 131
Pulp & paper 355 194** 161
Textiles 3 3
Total material use 823 275 548
Energy usé
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) byfAgora Agriculture, 2024)vith reference to(Material Economics, 2021))
(Graf et al., 2023Fombinatian of wood supplyand demand side
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Figure36 shows the total supply of forest woagdivided into timber that definitely goes to
the sawmill and all other roundwood (industry wood) and forest residuesmpared to
user demandThis once again clearly shows that, in the status quo, the proportion of wood
that is actually used for material purpose253TWh of sawn timber, 22 TWh ofpatrticle
board (panels)and 35 TWh in the paper and pulp industry (whiin turn diverts a large
proportion of this as byroducts used for energy)is significantly smaller than the propor-

tion used for energy.

The preceding analyses show that even with very-feelhded surveys and official statistics,

it is difficult to dotain an exact match between the actual situation of timber production and

its use. The type of survey and partially medaked projections almost inevitably lead to
discrepancies between different studiebhis is partly due to conversions from different
units of measurement (volume, mass (dry, original substance), energy units) and, above all,
G2 GKS WOl a0FRSQ 2 OO crithBe36iwpod that B used® 3 G SY 2 7F
for a specific purpose (e.g. the paper industry) is largely found ageolyct 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 obaiie 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 attrgpagértain types of wood to
energy uses. Of this, however, waste wood is predominantly used for electricity generation,
which is notsubject ofthis chapter which just focusses on forest wood.

Figure36:
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Source: calculations by ifeu based(@raf et al., 2023)N. E. Cazzaniga et al., 2Q2R)stration: ifeu

9.2.2.2 Demand for woody biomasfor the Agora climate neutral biomassenarioup

to 2050

Table35 summarises the demand for material and energy useadbii biomassin the EU
until 2050 in line with the results from the Agora AFOLU s{édyora Agriculture, 2024)
regarding the demand for material and the EU fossil gas exit tihf et al., 2023)n the
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context of the ongoing substitution of fossil carbon sourcesdustry, 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 materi&unse.

thermore, the significantly increasing demandrfraghe chemical industry is also included
(see Chaptefll in the annex) With regard to the demand for woody biomass for energy
purposes, the values for solid bionsaguoted by(Graf et al., 2023re applied here.

It is evident that the demand for forest wood far exceeds the supply over fiftms.means

that, in the course of the allocation process in this studyyst 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 demandlignocellulosic feedstoder organic chemicals. Around 43®Vh will be needed

for this in 2050, which is almost a tenfold increaBke demand for timber for sawlogs will
increase by 40% (meaning an additional T80h of wood), while the demand féibre will
increase by 25% (meaning 1#@h).

Regarding organic chemicals, the EU Fossil Gas Exit scenario focused on plastic production
and projected 194'Wh of biomass related demand by 2050 with a focus on novel feedstock
materials (lignocellulose) anddvanced technologies (chentechnical or pyretechnical
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 ahimplications for feedstock types and land (seeChapterll.

Table35 also shows that the demand for woody biomass for the production of advanced
biofuels will increase significantly by 2050. Accordin(@raf etal., 2023) this is primarily
due to demand from the aviation sectdChapterl2 explores the equally complex topic of
transport in depth

Table35: Development of woody biomass demand for material and energy in thR27/520262050)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 a7 50 61 89 147 237 428
Total material use 871 913 964 1031 1130 1264 1494
Process heat (industr 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 a7 78 65 50 41 40
Transport fuel 189 89 20 146 277 291 289
Totalbioenergy 1226 1072 1033 1141 1190 1066 999

Total biomass 2097 1985 1997 2172 2320 2330 2493
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*) sawnwood, excluding bproducts fromsawing and wood processing

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

Source: EU fossil gas exit sty@raf et al., 2023YAgora Agriculture, 2024)Avitabile et al., 2023)
(Spekreijse et al., 2@), calculations by ifeu

9.2.3 Matching supply and demand

So far, hree issuesreto be solved for theompletion of the Agora climateeutral biomass
scenario:

The increased demand for sawn wo@@dmed agimber/logs inTable35) runs coun-

ter the decrease of total forest woqdt is of particular concerthat softwood (i.e.
coniferous wood) is mainly used for sawn timber, but tie of woodwill decline in
favour of hardwood as a result of forest conversion for climate adaptalioa.ques-

tion is whether these contradictory trends are compatible witltle@ther.Case stud-

ies for some European countries suggest significant softwood shortages at least in
some EU region®Bozzolan et al., 2024)

The question of technical suitability arises in general terms: before allocating wood
assortments to usealong with merit ordey it must first be determined which assort-
ments are technically suitable for which ugas done irsection6.2.2).

How to cover thedemandfor woody biomass whichkignificantly 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 decreasingtaitsitaf
softwood- will be addressed as followBased 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 oufTiable36 by making alistinction between
hardwood andsoftwood According tdfUNECE/FAO, 2022)e ratio between these two
categories in terms of harvested volumes (Rjns 32% hardwood and 68% softwood.
Adopted toenergy content the ratio is 40% to 60%, due to higher density and thus energy
content of hardwood.

Basic assumptions are:

Thedeaeaseof total wood harvest will be at the expense of softwoddde volume of
harvested hardwood is keptable.

The default assumptiois the volume ofsawn softwood remains stablevhile the in-
crease osawn woods completely covered by hardwood

Atheoretical assumptioris the entire increase isawn woodwould be covered by soft-
wood; thisrepresentsan extreme senario, assuming that the marketill not accept a
shift towards hardwood and can only be supplied with softwood.

The figures ifTable36 shows thatin the default cae, 58% of softwood will have to be fed
into the sawmill industry in 205@2% or 290"'Wh will remain as residual softwood (i.e.
industry wood) for use as fibre and energygsuming that approximately 160Vh of

wood will resultfrom salvage logging@¢rresponding withthe pessimaforecastdescribed
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in section9.1.1.2), this still leaves 130Wh 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 Thto 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 amouffisoftwood 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 giwethat, in theworst-casescenario, 160 TWh of wood cannot be
supplied to sawmills due to salvage logging.

167
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Table36: Development of supply afoftwood and hardwoodor a scenario based on tiemisesof the Agora study,

Forest wood type 2020 2050 explanation
TWh TWh
Softwood (total) 990 700 In 2020total softwood makes up 60% of totaarvested for-

est wood; he decline of total wood harvesip to 2050will
be at the expense of softwood, which is decreasing due 1
forestconversion.

- sawn softwood 410 410 Sawn softwoodemains stable at a high level despite a de
(lower endc default) cline in total softwoogassumed as default
- sawn softwood® (530) Just a theoretical assumption: the entire increassamwn
(upper end) woodwould be covered by softwood.
- other softwood 580 (170-) 290 Range of remaining softwood despite stable (or increasir
sawn woodrate and decrease in softwood harvest
Hardwood (total) 660 660 In 2020 total hardwood makes up 40% of total harvested
estwood: up to 2050n0 decline of hardwood harvest
- sawn hardwood’ 40 160 The increase afawn woods completely covered by hard-
(upper end- default) wood (default)
- sawn hardwood (40) Just a theoretical assumptiohardwood would not contrib-
(lower end) ute to theincrease irsawn wood
- other hardwood 620 500 ¢ (620) Range of remainingardwood despite increasingawn wood

rate and decrease in softwood harvest

Total 1650 1360

Note: numbers are rounak

a)range ofsawnsoftwood and sawnhardwood based orconservative default) and progressive assump-
tions

Source: compilation by ifeu, SYKE, base(Material Economics, 2021(Agora Agriculture, 2024{Camia
et al., 2021)(N. E. Cazzaniga al., 2022)(UNECE/FAQ022) (FAO 2022).

9.2.3.2 Technical suitability of wood assortments for various energy applications

To answer thesecondissue the energydemandas adopted from théGraf et al. (2023)s
allocatedto the individualtypesof wood availabletaking into account the preferred use of
certain biomasses in certain sectors. The following preferred conmectiere derived from
the detailed analysis of wood energy utilisation in Germ@#gnnenberg tal., 2022) as-
suming that the utilisation patterns it identifies are broadly transferable to Europe:

1 Space heat: Individual furnaces and ovens here are predominantly fired with
split logs3®® which are obtained directly from round timber; pellet
furnaces, which are mainly produced from sawmill residues, also
make up asmallproportion.

(S G G G G G G O G O O G G SR O
35|t can be assumed that used wibalso accounts for a significant proportion of household fuel consump-
tion. However, no official data is available on this.
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District heat:

Process heat (i
dustry):

Electricity:

Small or mediunsized heating plants that mostly use forest
wood in the form of wood chips.

Industrial heating plants thahainly use process waste (especially
black liquor from the paper industry), but also wood chips from
waste wood and forest wood.

Large wood CHP plants, mostly fired with waste wood.

The results are given ifable37in energy unit (TWh).

Table37:

pilations and assumption by this study.

169

Current bioenergy demand according to the fossil gas exit study total) broken down to biomass source followirgn-

Forest wood  By-prod. By-prod. pulp/ Usedwood Unreported Total
and bark (di-  sawmill paper & pan-
TWhl/a rect) els

Space heat 329 69 0 0 101 499
District heat 180 0 0 0 0 180
Process heat (industr 110 0 173 7 0 290
Electricity 0 0 0 66 0 66
Total 619 69 173 73 101 1,036

Source: EU fossil gas exit sty@raf et al., 2023)Avitabile et al., 2023xalculations by ifeu

In addition to statimary energy useabove the suitability of different types of wood as
feedstock fortransport fuel must also be considered. The decisive factor here is wiunh
versiontechnologies are suitable for which types of wood. In principle ctheversion 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 l&ileamong other things, are:

The Sweetwoods plants Estonia, processing hardwood.

The St1 Cellunolix® plantdiajaaniFinland, processing sawdust

The Organosolv Biorefinery in Leuna, Germany, processing hardwood (beech)

The Domsjo Fabriker farnskatisvik Sweden, processirspftwood

The Avantiumg Dawn Technology in Cigijl, the Netherlands, processing unspecified

wood

The BioDemo of IFPENxeAds and INRAE in Pant-de-Claix, France, also unspecified

wood

As for woodfjasificationa large number oplants existin Europe and worldwide, ranging
from small CHP units to large industrial or péotle biomasgdodiquid (BtL) facilities. Eu-
rope in particular has hundreds of small and medium wfadification CHP plants and sev-
eral advancedjasification R&D or demonstration sitedost these plants are installed in
Germany, Austria, Italy, and Scanding¥dabek, 2021)Examples are:
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Christof Industries (Austriadjpmmercial woodasification plants operating in several Eu-
ropean countries, producing heat and electricity from dried wood chips

biolig® (Germany, KIT KarlsrupédtAcale biomasgéoZiquid (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 largethe entire range of forest wood, as well aiher lignocellulosic
residues or wastesuits as feedstock for the production kibfuels.

As the same technologies are used in primary processing to produce chemicals from wood,
these statements also apply to their use in the chemical industrydlsehapterll).

9.2.4 Application of theassessmentriteria and allocation

Theassessmenfor the use of forest wood for diverse utilisatioissperformed in section
4.1 of the study.Here,Figure37 presentsthe resultingscores The scoring fomaterial use

is in the majority of casamore favourablethan the options for energetic use. Best rankings
are achieved bygonstruction wood, pulp/paper, furniturésolid wood) textile fibresand
particle boards. Up to 2050, textile fibrearpasgulp/paper and furnituren ranking

¢ 2 R (22ZD&5)production of woodbased chemicals (by gasificatiand synthesisthe

basic chemical methanobanks behind process heat and district heating due to the re-
sourceintensive process. However, thies to efficiency improvements and the reduced
availability of renewable alternatives in the future, this use will surpass all other energy uses
by 2050.

Figure37:  Aggregated scores for Forest Wood use Over Time.
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Theallocationof forest wood utilisation$o use option by quantities is performed in section
6.2and6.3. The result of the allocation for forest wodgldisplayed by the Sankey diagram
in Figure38.

Figure38  Material flow offorestround wood to semfinished goods and energy TWhin the EU27 for the current siuation (2020)
ontop andaccording to the allocatiofor ABS2050) at the bottom.
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9.3 Conclusios

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 araty@cture with the

level of detail defined for this study. Tlkkassification into categories (wood assortments as
well asuse types)arieswidely in some cases. The choice of the TWh unit also leads to
inaccuracies when converting different volume andss units. The figures determined in

this chapter therefore do not claim to be exact, as the information in significant places (e.qg.
1.363 TWh may suggesRaher, the presentation is made with this level of accurfanthe

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 thesupply of forest wood in Europe,atiollowing conclusions can be sum-
marised:There are importantegional differencesegarding the supply of forest wood. The
North EU has the highest forest area per capita, while countries in Cénirape (both
West and East) have the highest timber stdkentraMWest EU leads in both forest availa-
ble for wood supply and wood energy consumption; Seldst EU records the lowest sup-
ply levels.

In terms of wood trade within the EU, it can be observed that:

Canpared with the respective national consumptieolumes, the share of imports is ra-
ther low, averaging less than 10%.

The larger exporimport flows remain within the region or in neighbouring regions.

The largest transregional export balance is from Eastern Central Europe to Western Cen-
tral Europe, aBpproximately 10Mms? per year.

The timber traded is generally in the higher price categorysaan wood or even sawn
stemwood, which isusually coniferous wood.

The growing demangdassociated wittthe use of wood in construction, has so far been de-
pendent on these types of woodh European regions where coniferous wood is unates-

sure from climate change and a restructuring of the forest tow#pd3 Oto-¢ & § daNdS Q Q
climateresilient tree species ,ior is expected to becomgart of policy3® trade-offs be-
tween the various forest functions will increase and might result in growing demands for
importedwood, not sufficiently covered by intrEuropean supplgnd leading to leakage in
third countries Therefore, measures must be taken to ensure thatincreasing demand

for construction timber can also be met from nooniferous woods, which are available in
sufficient quantities from regional sourceEhis implies, over time, an adjustment of the
whole supply chain to various tree species and wquodlity as well as flexible volumes.

In many regions, anventional rotationalforest management(clearcutting, evenaged
stands)s prevalent.Continuous cover forestry (C@#dh single tree harvess less common
overall but mostestablishedn the South as well as in Germany and Austieoductivity
comparisons between CCF and cleatting hinge on accounting for stand densitimber
availablefor sawingncreases byaround 120TWhin 2050 This supply is expected to be met
by adaptingthe value chairto a greater variety of trespeciesand enhanced recovery of

36 E.g. Germany; see aléuropean Commission, 2021b)
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salvagdellings The Agora scenariforeseesa reduced harvest rate of 19 (yearly average)

as a lever to contribute to maintaining and restoring the EU forest carbon sink and improving
resilience. Felling &m adaptation programmes and salvage loggings are to be deducted
from planned harvest.

Climate chang@ndnatural disturbancesonnected with rising temperatures and more fre-
guent droughts, storms, and pest outbreaks are expected to constrain growthusidgpe-
OASaQ NIy3aISa y2NIKgIl NR dstyribancd @amagé RKVEWND- f G A G dzRSad | yy d;
day, rising toward 45 Mm3 by 2030) remains small relative to 500 Mm?3 of harvests but
introduces significant variability for planning. Measures to reduce dishabaisks focus on
adapted silvicultural measures (thinning, assisted migration, active planting) as well as the
avoidance of cleacut. EU countries are strengthening capacity across the four phases of
forest crisis management: preparedness, preventi@sponse, and recovery. The volume

of timber from salvage logging, estimated at approx. I¥h per yeaby 203Q finds suffi-

cient market outlets within the scope of demand for industry wood for material use as well
as remaining, albeit reduced, energy use.

Regardingownership patterns and trade, approximately 8@ of EU forests are privately
owned (more so in the North) and %@public (especially in the Soutfast). Fragmented
ownership can hinder efficient supphs well as changes in forest managementluiding

to enhance forest resiliencdRoundwood trade typically occurs within the same region,
flowing between neighbouring countries.

This structure, dominated by private ownershian be viewed as hindranceto the imple-
mentation of overarching polital goals and strategies for the forestry and timber industry.
Large private owners deperah the economi@rofitability of their forestsand 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
withd 0 I | S Kdtafodv&dwIuture possible developments oéthalue chain.

TheEU Forest Strategf 2 NJ Hnon A0GNRy3Ife NBFSNBR (2 (GKS 9! Qa 0A2RAL
the greenhouse gas emission reduction target. Forest is not just wood provider; the strategy

pronounces the multifunctional role of forests. Qialand 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 Strategoreover, the strategydefines asessential inéthe creation or

maintenance at stand and landscape level of genetically®udy OG A2y f f & RADGSNBASET YAESH
species forests, especially with more broadleaves and decidvees and with species with

different biotic andabiotic sensitivities and recovery mechanisfobowing disturbances,

less softwood will be available in future. However, this woodusently preferred for

sawmilling, especially for the large market for construction timber.

Whatmeasurescan support the way towards éhneeded adaptations?

Integrating forest carbon accounting with wood supply strategies will be crucial for cli-
mate mitigation goals; it is key for incentivisiiogest owners and managets contribute
to LULUCF targets.

Balancing biodiversity conservatiovith productive forestrycan benefit from different
approaches, incl. botadaptive zoning anthtegrative management, to enhanchiversi-
fied species mixeand deadwood
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Future research shall explore innovative financing mechanissnsh as ecosysteser-
vice credits to support both public and private forest stewardsHipitiatives are already
in place e.g.the Intercede Project funded by the EEISE, 2025)

From a technical point of view: Emerging digital tools and remote sensing could enhance
traceability of timber flows and improve managemaesificiency.Activities are also un-
derway here likethe Forest Information System for Europe by the EB3E, 2025)or

see analyses b atterini et al., 2025)

Demand forforest wood in Europe

With regard tothe demand forforest wood thefollowing conclusions can be summarised:
Firstly, the initial work of the Agora(Agora Agriculture, 2024; Graf et al., 2028dject
clealy an increased demanfir woody biomassn 205Q As theforest harvest rateslightly
decreases to enhance forest resiliend® supply of forest wood (363 TWh in 2050) inot
sufficient to meet the demand for woody biomass comparable lignocellulosic material
(roughly2,400 TWh in 2050)Additional sources, suaswood from agricultural production
(short rotation coppice, agroforestry, paludicultyi@ndlignocellulosic residudg.g.straw),
are developed over timdt must be considered that suchoed categoriescannot beused
the same way as forest timbghat can be sawnAs such, it is expected to covd@mandin
specificsegments such d#re, feedstock for organichemicas and energy purposes and
complements the forest wood supply significantly.

The specificity of the Agoracenarig considering also results from the allocation ladders
(see section 4.1 and 4,2rovides important volumes of lignocellulosic feedstocks from ag-
riculture that can be directed to material uses such as in dnganicchemical industry.
These feedstocks amsosuitablefor fibre production and for energy uses.

For timberfor sawing forest woodremainsessential. Cgroducts from sawmills and indus-
try wood from forest management cover primarily fibrelated demand.The remaining
harvest volumecovers the energy demand that will still exist in 205he Agora scenario
presents a balancesupply and demad where biomass use is optimised across sectors.

The heavy lifting of the energy transition relies on electrification. Forest wood combustion
for energy (electricity and healjas been reduced by almost 508 2050, whilel.2 times

the amount of remaining energy wood from the forest will cofrmm agriculture in addi-
tion. It will be applied predominantly for material uses (fibres, organic chemicals) armd by a
also substantiathare for advancetiofuelsfor 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, hetargetsof the EU Forest Strategy must be implemented in order to achieve
climate protection, resiéince and biodiversity goals.

To meet the growing demand for wood (or lignocellulose), cultivation remsgndon
agricultural land and agricultural residues mustrhebilisedfor high-gradedutilisation.
To this end, incentives for agriculture must be d¢egband technologies further optimised
to enable theramp-up.

The increased use of hardwood in the field of material utilisation (sawmilling) must be
promoted, otherwise this market cannot be servealely onsoftwood
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10 Bioga

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 intermediatBstapass suit-

able as a substrate must be digestible, either using the usual preddsdiological 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 substratgs ihanure,
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 asaterial Given its versatility, it is ap-
propriate to dedicate a separate chapter to this type of biomass use.

10.1 Supplyestimates

Agora Agricultur€2024)gives an estimate of the annual techrigstential based on agri-
cultural residues, organic municipal waste and biomass from-satnral sources in the EU
in 2050.The source of these estimates is the DBFZ resource data repdsitory.

Figure39 shows the results of this assessment. Whilmost half of the substrate in 2020 is
still cultivated biomass (green maize), a quarter comes from manure and appPofidlo
biowaste Biogasproduction can be expected to double by 2030, with maize being dis-
pensed with as the main crop. Large contributions will then be made by manufia\82,
straw (86TWh), landscape material (73Vh) and cover crops (64Nh). Biowaste will have
exhausted its potentialith 42 TWh¢ which will also apply to manure in 2030. Straw, land-
scape material and cover crops potentiedsacha total technical potential of 625Wh by
2050, with straw having the largest share with TAWh.Agora Agriculturé2024)points aut

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 feedstbat is closer to an economic

estimate, as shown iffigure39® ¢ KSaS wWSO2y2YA0Q SadAyrdisSa FINB ol asSR
expert judgment, in collaboration with Agora.

72 KAES GKS 9! Qa fS83rf GFNBSG TAyowdAQricultird, 208tpngidedzi NI t AGé Aa wHnpnz
that the results of the 2045 scenario are also applicable to 2050, allowing an additional five years for im-
plementation.
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Figure39:  Biogasproductionin the EU:supply in 2020 and tectical vs economic potential estimates in 2050
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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 shownFigure40. For the year 2020, the figures are in agree-
ment (EBA, 2024)However, EBA's estimates at 78/h, are significantly higher than the
510TWh estimated byAgora Agriculturé2024)for 2040. In order to understand the differ-
ence, it is necessary to also look at the Guidehouse gstéitherici et al., 2024)oommis-

sioned by EBA, and the basis for the EBA estithdtee Guidehouse studyrives at poten-

tials for biogas production of 7IDWh in 2040qr68bcm)z  Of 24 S (2 G.K& 9. !
study provides the assumptions and methodology used that servesiidance to under-

stand the potential estimate from EBA.

What EBA and Agorapproaches 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 Agorechnicalestimate 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 A¢gechnicalestimate for manure is lower

dued2 GKS | aadzySR RSONBIF&AS Ay f AQSpoentd] ¢ 9.

is more than three times higher (98/Vh against 310Wh). This feedstock is the main factor
behind the differences in the approaches described.

38 Hybrid meeting with EBA on 14 February 2025, with Agora Energiewende, Agora Agriculture and IFEU.

Qa
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Agora Agriculture corders that in practicecatch crops present the high risk of altering
crop rotations and occupying land during productive timésnsequently, this risk is re-
flected and minimised in the relative moderate potential estimate for catch ctdps.

It is important to note that, as seen previously and showrkigure39, Agora differentiates
between a technical and economic potential, whereas EBA considers its estimaféyisee
400 & WFSFaAoftS FyR adadGrAyYylrof SQs y2Glof @

Figure40: A comparison obiogasproductionpotentialsestimatesfrom Agora, EBA and Guidehouse, E{2PA0
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10.2 Demand forecast by Agora

In theEU Fossil Gas Esd@enario(Graf et al., 2023the demand for biogas and biomethane

is relatively constant between 19AVh in 2020 to 17%Wh in 2050Kigure4l), while the
development of demand varies depending on the sectoFigare42 shows.Overall, these
developments reflect a genertdend towards the electrification of applications (e.g. heat
pumps) as well as a shift away from fossil fuels Tibe curves for space heat and district
heat show a peak in the use of biogases in 2025 and 2030 respectively, followed by a pro-
gressivadecrease,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 flexibifiyound35 TWhis estimated to be
provided by direct electricity generatiosupplementedoy 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 (g 1 n s / 0 LINGRIl® theisabsequt iin-
crease from 27TWh in 2030 to 43Wh in 2050 reflects the shift away from fossil fuels for

39 Interview with Tom Hollander, Agora Agriculture, June 2025.
40 Hybrid meeting with EBA on 14 February 2025, with Agora Energiewende, Agora AgricultiEldnd |
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hightemperature >p nne/ 0 LINRPOSaa KS ITWhbof hioyhetHaheRsirgi A 2 Y~ dzy RSNJ ¢
quired for the production of hydrogen or synfuels genexhtrom it.

Figure4l:  Biogas and biomethane dematal 2050,EU27, AgoraEU Fossil Gas Esd@enario
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Figure42:  Sectoral demand fdbiogagsto 2050,EU27 AgoraEU Fossil Gas Egdenario
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10.3 Refining allocation for enelise

10.3.1 Merit order of biogas substrates

The results for theassessmenand rankingof substrates on one hand and ende on the
other were described in detail i€hapter4 of this report, while the results for waste and
residues are described section4.3.3(Figurel0 and Tablel7). In summary, three trends
can be observed:

Until 2050, use for the production of chemicals will generally be advantageous, regardless
of the feedstock.

For energy uses, manuredadvantageous, regardless of the type of usewage sludge,
animalandfood wasteas well aseparately collecteanunicipal biowastere to be re-
garded as equal in terms of valuatiétthis group is followed by landscape material, then
straw and finally atch crops.

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 somres
sultsare very small.

Regardinglectricity, it should be nied 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 &n be more advantageous.

With regard to transport fuel, given that the product consists of methane, only the road
transport and shipping (as BIdNG) options were considered. Fafiation methanebased
synthesis routes (Methan®-Liquid, MtL) would be reessary to achieve a liquid biero-
sene. This pathway is not considered in this assessment.

10.3.2 Crosssectoral considerations

As seen above, the Htbssil Gas Exit scenario foresees a demand foill Wb of biomass

for biogas/biomethane in 205@owever, accaling to the allocation ifrigurelOandTable

17 (Sectiord.3.3, the material use of biomethane as a source for the organic chemical in-
dustry shold be considered firstOn 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 sec8dhand applied to the various
materials in sectio.3.2 Based on thidgrigure43 shows how the energy demand can be
met from biogas substrates according to the merit order defined previo®styided the
demand for biogas/biomethane remains limited to appra80TWh 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 orgarchemicals.

41 See also sectiod.3.4 due to their lower volume or potential, these waste streams were not reported
separately in the ladders.
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Figured3:  Allocation of feedstockpotentials for biogas production against demand in 2050, Agora scenario
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Source: EU Fossil Gas Exit scer(@rfaf et al., 2023)estimations by ifeu; illustration, ifeu

In the Agora biomass scenario, lignocellulosic feedstock is used for the production of bi-
obased chemicals (sesection11.4). Around 150rwWh can be supplied by the available
straw, catch crops and landscape material by 2050 Sgee 44).

This means that the sustainably available potential of digestible biomass will be completely
utilised in 2050, as summarizedhigire 44.
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Figure44:  Synopsis of biogas and biomethane demand and supply align with the ré&B&dr the years 2020 and 2050
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The Agora scenario assumes a conversion technology which involves the synthesis of longer
chain substances via gasification dndmethanolas araw material instead of biomethane.

For this reason, the higheated route- biomethane from manure for material usds not
considered the most favourable, as biomethane is primarbduced for the energy sector.

The other feedstockg which can be ¢her fermented or gasified are therefore assigned

to the chemical sector in the Agora scenakitmwever, one disadvantage of gasification is
that, unlike with biogas, the nutrients and carbon contained in the feedstock are not re-
turned to agricultural sits. 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 maimee measures, then
catch crops, as long as they do mdter 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 overahthnd 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 yeathe supply will come entirely from residues and waste.
¢ a scenario which is 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
lignocelllosic feedstock supply for neemergy use in the chemical sector (see the subse-
guent section).

Meeting both energy and material demands will require active allocation decisions, taking
note that the result of allocation based on sustainability criteeaeyally 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 aviatmmshipping, electricity? Among energy uses
biowaste, sewage sludge, animal and mixed food waste, manure and landscape material
(including grassland cuttingsgnk highest, followed by straw and catch crops.

However, since the biomass potential for gas exceeds the demand for energy use, but
material use is to be prioritised over energy use, #tlecation ofthe feedstock to specific
end-uses reflects bothhe specificities of thdeedstocks andhe uses It should be noted

that for some feedstockgnly thebiogasepathway is applicable. These are manure, bio-
waste and sewage sludge, which should also be used as a priority anglithpsincipleg
should be assigned to the preferred material use. Howdwemethaneis not the optimal
feedstock forbasic chemicals. Lignocellulose is more suitable, for example via the gasifica-
tion pathway.

Of course, this scenariesubject to risks and uncertainties. First of all, competing material
uses create a strong policy and market rationale to steer ligndosit feedstock away from
low-value energy uses toward highealue material pathways. Meeting both energy and
material demands will require active allocation decisions, investments in collection and con-
version infrastructure, and incentives to mobilizartierto-collect residues. In particular,
hurdles by the fragmented structure of many farms, municipal wasé@agement choices,

and competing norenergy markets need to be overcome. Otherwise, ibalisablesupply

will be substantially smaller. Although3 2 NI Q&4 G SOKYyAOFf LRGSyGAlrf SadAayYlras
YdzOK f28SNJ GKIyYy 9. ! Q& Istolbg densideikes prisiéipe/icatthh O L2 G Sy G A §
crop deployment will require decisietaking of the majority of famers in Europe, directly

affecting planning ath investment decisions.

The following must be tackled to achieve this:
Implement clear allocation policies that prioritize wast@sidue streams for energy

while directing lignocellulosic biomass toward chemicadterial uses.

Support investments in collection, aggregation and-precessing infrastructure for ma-
nure, biowaste and fooéhdustrial residues to unlock realistic potential.

Support development and deployment of higgmperature proces$ieat solutions that
use bioga/biomethane where electrificatiofnasedsolutions 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.

Enourage integrated planning across energy, waste management, transport and indus-
try policy to avoid counterproductive competition for scatiemass.

42 For electricity, note the remark at the beginning of this section: Its use foduakload is to be rated
higher.
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The EU can meet projected energgctor needs for biogadiiomethane to 2050 from pri-
oritized waste and redue streams while reserving much of the larger lignocellulosic poten-
tial for highervalue chemical uses, providdtht 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 ltaly, France, Denmark and the UK have recorded significanh gievertheless,

with approx.87 TWh of biogas, Germany is still far ahead of all the others, and witWi8

of biomethane still slightly ahead of the four other countries mentioned (Segre45).

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 RolestpMR}2023)the following
was generated in 2022:

31.4TWh electricity (widely constant since 2014)

18.4TWh heat and cooling (smoothly increasing since 2014, when the production was
around 13TWh)

1.1 TWhroad transport fuel (with a leap in growth in 2018 and still further increasing with
1.26 TWh in 2023 according teuropean Biogas Associati(#024)

Figure4ds:  Biogas and biomethane production in European countries in 2023
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The central set of regulations that has promoted the expansion of biogas in Germany is the
Renewable Energy Act (ErneuerbémeergienGesetz, EEG) with the FemdAct, which en-

sures that plants are remunerated via te&ctricity 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. Onémportant regulation was the introduction of the smlled 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 35in 2024 and 202and are set to fall to Z&

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 marketriven rationale. Only small plants I50kW) are sti eligible for

the given feedn tariffs.

¢ KS DSNIYEOF LEYINSISZANSA Yy dzy RSNEGFYRAYy3 2F NI 6
man biogas sectd® Biogas production is heavily dominated by agricultural operations,

which account for over 80Wh and wee also responsible for the raryp between 2005

and 2015. Sewage sludge digestion, biowaste fermentation and landfill gas account for

much smaller and constant sharé3n anenergy basisthe share of dedicated crops is 73%

as given irFigure46 (Rensberg et al., 2023%ilaged green maiztakes two thirds of the

crop input, followed by other whole plants, mostly green cereals. Intercrops saskg

(which is mostly field grass and not cuttings from permanent grassland) play a marginal role.

As mentioned, the maizeelated thresholds are maselated. 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 masghis shows the important difference in biogas yield per feed-
stock and gives an indication of the attractiveness of crops, in pantimdae. 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 fermergddowever, 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.

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 RN.
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Figure46: Energ-related feedstock input for biogas production in Germany in 2021
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Source(Rensberg et al., 2023)lustration ifeu

Rensberg et a[2023)have analysed the data on the production of pure biogas plants and
plants for biomethane production in a differentiated mann€he latter even have a slightly
higher proportion of crops in their feedstock mix ¢6énhassrelated, 7Poenergyrelated),
65%o0f which consist of maize.

Overall, the crops applied for biogas and biomethane production in Germany cover around
1.6 million hectares. This corresponds to aroudd & Germany's total agricultural area.
This is twice the area under cultivation for rapedaliesel and bioethanol in Germany.

10.4.2 Biogaspotential in Germany

The assessments biogas potential in Germanyary greatly Firstly, it is crucial whether

and to what extent the current use of crops as feedstock will be continued. Most scenarios
tend todiscontinue this practicd=or 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 potentiglberici et al., 2024)

Ultimately, it is a question of the political framework as to whether and which voldete

icated cropsare acceptable for a sustainable supply. In their assessmPotzauer 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 conditiohssecond sawario 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%o0f the crop volume used today will remain for future biogasgquation¢ corresponding

to around 30TWh.

Dotzauer et al(2022)derived the unued potential for fermentable materials by referring
to the national monitoring obiogenic residues and wastefer Germany. Combined with
assumptions regarding future mobilisation, they figure out a total biogas potential of
17.5TWh (sed-igure47). 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.

Figured7:  Status quo of biogas and biomethane based on residues and wastes in Germany and additional potential
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Source(Dotzauer et al., 2022; Rensberg et al., 208Rjstration by ifeu

Catch and cover cropsould provide another source of raw materials in the futukgora
Agriculture(2024)has estimated the technical potential for this at the European level and
Alberici et al(2024)also provides figures (sesection10.1). Broken down to Germany, Ag-
ora'stechnicalestimates could amount to 33 AWh. This assumes that all areas that are
cultivated seasonallfor summer crops are used as catch crops in winter, corresponding to
3.5million ha** As winter catch crops are not expected to be a productive option, the eco-
nomic estimate would be much lower.

All in all. Assuming thatl) cultivated biomass continueotbe used for biogas or bio-
methane, butfollows the declining trend and reachdwlf the current rate(or 36 TWh) by
2050; 2)the additional potential according tDotzauer et al(2022)will be used (43'Wh)
and 3) the technical (and not economic) potential of catch cropgY{88B) is delivered, we
arrive at a total value of 115Wh.This is therefordigher than the amount of biogas already
produced today of just under 10DWh 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 thegmortion of biomethane could increase to up to%6f 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.Retkrring to the natural gas consumption of 86Wh in 2022Bundesnet-
zagentur, 2024)this wouldequal to 340TWh.This value is also referred to by the German
trade associatiorGas und WasserstoffVirtschaftwhich states that up to 330Wh could

0S [ @LAfLFO6tS AY wHnannp WLINAYIFNARfE FNRY R2YSaiAo

44 Calculation based on the statistical data from DEST®ESatis, 2025)

0A23l 3
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these estimations are not made transparefidie Gasund Wasserstoffwirtschaft e.V.,
2025)

10.4.3 Future outlook

As noted above, a questiorf bow 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 itrue 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 electricignd, 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 processednto biomethane and thus be available for variable uspsovided that
gasgridsremain at local or regional level or biomethane can be transported via the hydro-
gen networks currently under developmerill 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 utilisédIn 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 optimi@i WYl EA Ydzy &aO0OSy Il NA2Qd L
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 bgas plants generating electricity will decline. A decline from the
current 45TWh of electricity to less than 30Vh is expected by 2030.

Utilisation via biomethane therefore appears to be more practical since it offers more flexi-
bility in use. Howevelotzauer et al(2022)also considers that in the medium term, only

3% of total gaslemand 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 (justT3Vh of electricity was generated on this way), 11% was used
to generate heat, 6% for fuel and 6% was expofféeha, 2023)This slows that there is
comparatively little incentive to use biomethane for purposes other than electricity. The
requirements of RED Il and the new regulation on the GHG quota in the German Paderal
PollutionControl Acté 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 aly limited to the small area shanure.

As far as the production and feéd of biomethane is concerned, however, another central
problem remains: The existing extensive gas network can hardly be maintained as an

45 The reference is 81 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 Bundesimmissionsschutzgesetz (BImSchG); httpsmiwgesetzeim-internet.de/bimschg/BImSchG.pdf
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infrastructure.lt is revealing that lamg suppliers such as MVV announce to cease operating
their gas grid even in a large city like Mannheim by 2088V Energie AG, 2025b, 2025a)

Conclusive remarks

The rampup of biogas production in Germatnasdepended ona supportiveregulatory
framework over yearsparticularly up to2012 assince further growthhas slowed down.

This shows that such a high level of biogas production is only possiblenpithtant 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 thatl@imampups to those in Germany
occur, at least as much effort will be required in terms of incentives.

The expansion of biomethane for fe@uto the natural gas grid contradicts indications that
gas networks will be dismantled in the medium term. highly questionable whether the
high network density, particularly in urban areas, will have an economic future based on the
argument ofgreen hydrogen compatibleeadiness let alone the availability of the fuel in

the first place given the prohibitiveosts 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 mareudisposal via biogas production. However, this
should go handn-hand withthe overarching goal of reducinganure andvaste. The Ger-

man example shows that the contribution of biogas to energy supply (oicasethanefor
material uses) will remain limgd given limited sustainable feedstocks and the needféer
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 pstroleum products and natural gas, to produce a wide range of
chemicals and materials. However, there have been developments overghddaades
towards incorporating renewable feedstocks, driven by the aim of shifting away from fossil
FSSRai201ad Ly tAYyS gAGK GKS 9! Qa 3I21f 27
are exploring ways to achieve a radro chemical industry ihe 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 fdlowing 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 biordlaased organic chemats (i.e. ex-
cluding fertilisers, inorganic chemicals and pharmaceuticals), as narrowed down, compiled
and sampled by Spekreijse e(2019) All product categories covered are displayedable

38.

Table38: List of product categories with production volumes andbésed share, EU, 2019

Product categories EU biebased pro- Share of biebased Total EU produc-
duction [kt/a] production [%)] tion [kt/a]
Platform chemical® 181 0.3% 60,791
Solvents 75 1.5% 5,00C
Adhesives 237 8.8% 2,68C
Plasticiser 67 5.2% 1,30C
Polymers for Plastics 26¢€ 0.4% 60,00C
HumanMade Fibres 60C 13.3% 4,50C
Paints, coatings, inks and dyes 1,00z 9.7% 10,34C
Surfactants 1,50C 50.0% 3,00C
Cosmetics and personal care products 55¢€ 44.2Y 1,262
Lubricants 237 3.5% 6,764
Total 472¢ 3.0% 15563¢

a) Chemical building blocks and starting materials to manufacture a wide variptpaficts

Source(Spekreijse et al., 2019)
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In the JRC studBpekreijse etal., 2019) G KS NAA] 2F WR2dzofS O02dzyiAy3Q LINER
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 convefijiaria

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 chemicalg’ While this method has its shortcomisign terms ofexactmaterial flow

volumes it is still sufficiently representative for the purpose at hand.

11.1 Current biomass gpply and demandor organic
chemicals

The organic chemical industry is highly integrated with oil refineries, as it is mainly based on
fossil feedstock today. The main producttohventionakefinery is fuel; thereby the chem-
ical sector is also highly interlinked with the transportation sector.

Box8: The future of the refinery sector and chemicals production in tbe E

The products of conventional refineries in Europe are defined by the demand from the transport sector. T
includediesel/ gasoline (41% in 2021, mainly used for road transportation); gas oil and fuel oil (18.6% and
respectively used in maritime); kerosene (5.5%, used in aviation) and naphtha (7.3%, as feedstock for the ct
industry). With the expected elegtication of road transport, the demand for these transportation fuels is als
expected to decline. As forecasted in the T&E s{@@21) 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
availabiity of fossitbased 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 accordir
forecast by Commodity insights, as refiners adjust to a wealeggim environment, accelerating closures througt
20292030. 17% of closures between 2020 and 2027 are planned transformations into biofuel facilities (whi
23% were scheduled for permanent closure and another 29% for transformation into storage). Mieaidiuel
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 refin
62% naphtha (via atmospheric diktion); 24% liquified petroleum gas (LPG); 9% ethane and 4% fossil”ﬁas w
the chemical industry is therefore directly affected by the dynamics of European refineries.

Currently, only around%of the products in the organic chemical sector are basedio-

mass, as shown ifable38. This ratio varies significantly depending on the product cate-
gory¢ 0.3%of all platform chemicals and %@of total surfactants production are currently
based on biomass feedstqcks showrin Figure48 (left diagram)(Spekreijse et al., 2019)
Mainly agricultural biomass is used to cover the biomass feedstock today; with vegetable oil
accounting for 8% (mostly imported), sugar and starch accounting fo¥@hd lignocellu-

lose accounting for another ¥4(Figure48, right diagram) Currently, there ar98biore-
fineries in Europe converting biomass into products for the transport sector in the form of
bio-fuels, while the remaining eproducts are taken off by the chemical sec{&uropean
Commission, 2025)

47 Products that are used as platform chemicals but typically used in other product categories (e.g. lauryl

It O2K2t 0 6SNB SEOft dZRSR® ¢KSaS LINBRAzOG& BekdseAr y Of dzZRSR Ay (GKS 2
etal., 2019, p. 19)

48 Gas oil = middle distillate product from crude oil, used in chemical refineries to produce ethylene, pro-

pylene andbtx (benzene, toluene, and xylenes)
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Figure48 { KI NB102 & SRA 2INHR dfQ 10a OKyE YA NBI fYEE S1Tiv gR A loBhakk fredlstockluse®fordhe pro-
duction of biecbased productsEU27 +UK 2019 (mass fraction), total volume 48 dry matter (right diagram)
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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 emissite approximately
three to fourtimes larger than direct emissions from production only. As théodsilisation

of the chemical industry is expected to gain momentum in the context of reaching EU cli-
mate neutrality by 2050, the share of bimsed feedwck 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 agriculalrlignocellulosic biomass from agroforestry, waste
and residues. Depending on the products involved, it will be more or less challenging to
transition from fossil to biomassased sourcing. The volumes of biomass necessary to meet
the growing demand ovdime 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 patternsT{®. D40 impact

it does not consider biomass for materiaeuThe 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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Table39:  Main features of a selection of scenarios to 2050 for thencizal industry
Feature Material Economics Agora Dechema CEFIC Bio-based industries Wuppertal Institute
Consortium

Aim Assessing the progress, Developing pathways for Exploring pathways for Modelling a range of possi- Assessing if biomass can Guiding the defossilisation
challenges and opportuni- transforming the chemical transitioning the European ble pathways for the EU  meet 20%0f the future car- of the petrochemical indus-
ties for scaling break- industry in Germany and chemical industry towards chemical sector to transi- bon demand of chemicah- try in Germany
through low carbon tech- the EU towards becoming carbon neutrality by 2050 tion towards climateneu-  dustry in Europe and glob-
nologies in Europe’s energclimate-neutral by 2045 trality and circularity by ally
intensive industries (steel, and 2050 respectively 2050
chemicals, cement)

Sources Industrial Transformation Mobilising the circular Low carbon energy and  CEFICThe Carbon Manag- Bio based Industries Con- Green Feed (2025)

2050¢ Pathways to Net
Zero Emissions from EU
Heavy IndustryMaterial
Economics, 2019)

economy for energynten-

feedstock for the European ers-iC2050

sive materials; Chemicals irchemical industry

transition; Forthcoming

(Bazzanella & Ausfelder,

(Germany)Agora Industry, 2017)

2022)

sortium (2025)

Fossil fuel phase out

The carbon capture path- Yes. Focus on plastics, hu-No phase out indicated
way uses fossil inputs cou- man-made fibres and ferti-

pled with CCS

lisers.

No phase out indicated

The study focuses on bio-
mass feedstock use for

chemical industry and does

not discuss other feed-
stocks

Phaseout of fossil inputs
by 2050

Products covered

Plastics (and Ammonia)

Polymers for plastics and fi-Main chemical building

Covers 18 key chemical

Polymers/plastics and rub-

Highvalue chemicals: Ole-

bres, ammonia for fertilis- blocks + fuel (representing products (organic and inor- ber (66%of the sector) sol- fins, Aromatics, Platform

ers

2/3 of the sectorsurrent
mers and intermediates
(represent 60% of GHG
emissions)

GHG emissions)

ganic building blocks, poly- vents, detergents, addi-

tives, personal care prod-
ucts and pharmaceuticals

chemicals and Polymers

Growth rate

Production is estimated to For plastics (EU): with a

grow up to 72 Mt per year high circularity scenario,

by 2050 (basscenario)

1%growth per annum for  Polymers 0.6, 0.9%

the EU chemical industry Ulg|efines + Aromatics%e

demand is close to current to 2050

levels by 2050.

aw9{ ¢¢
(Rest of industry) 3.8%

Equal demand

FYR &

Demand for polymers is as-
sumed to grow by %per
year in all sectors, based or
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

CEFIC Bio-based industries
Consortium

Wuppertal Institute

Recycling rates

25%(carbon capture sce- 75% Mechanical recycling Not provided

nario) rate 394 chemical recy-

46% (circularity scenario) ~ ¢ling rate 486(Mobilizing

the circular economy for
53% (new processes sce- ) ) )
. energyintensive materials
nario)

86%: Mechanical recljeg

rate 50%, chemical recy-

cling rate 36% (Forthcom-
ing, Germany)

Chemical recycling of poly- Not provided
mers 14.64 mechanical re-
cycling of polymers 45%3

Mechanical recycling po-
tentials are fully exploited;
chemical recycling gains
moreNBt S@F yOS
02y [22L) &0

Biomass share and
type

28%(carbon capture sce- For plastics: lignocellulosic BAU 06(5642 PJ total), In- 40%of total consumption  20%bio-based feedstock

nario) feedstocks.
27%(circularity scenario)

33%(new processes sce-
nario)

Biomass types not differen-
tiated

termediat 5.46(6331 PJ to- (60 mt/ 142 mt)
tal), ambitious 6.%(7275
PJ total), maximum 7%
(10523 PJ total)

47%primary AgreBiomass,
Starch/ sugar crops, oil 8%By-products, 2%
crops, manure, municipal Wood, 186Straw and Bio-
solid waste, sewage sludgewaste

forest residues

Depending on the scenario
1.5%- 24%bio-based car-
bon (mainly residues and
sugar/starch)

Technological develop- lower-CO2 production

ments (Types and
Speeds)

Direct electrification (pro-

Improvement of energy ef- Electrification of steam

Biomass conversion (preci-

Steam cracker, Methanol

routes(e.g.energy effi- cess heat etc.); renewable ficiency. Lowcarbon hydro- cracking processes, CCS/ sion farming, use of Al, ro- synthesis (MTO, MTA) Gas

ciency) hydrogen, mechanical and gen, CCU, biomass conver-CCU, biomass gasification, botics, drones and genet- fication of Biomass, Pyroly-

extensive recycling technol.chemical recycling, CCU/  sion, electrification of pro- fermentation, methanoto- ically modified organisms, sis (for Plastics), Organo-

CCS combined with bio
basedfeedstocks

ogies

Industrial electrification
(green hydrogen and
CCUICCS)

cesses and heat integrationolefins, methan pyrolsis,  advances in biorefineries,

mechanical and chemical CCU
recycling (pyrolysis and gas
ification)

solv, Solvolysis

Import

Not explicitly mentioned  Not explicitly mentioned.

Varying share of intermedi- from Europe

ate product imports (e.g.
biomethanol) depending on
scenario

Biomass potential is taken

Biomas imports increase Rely on imports to meet bi-

from today 6% to between omass demand
24.¢ 36% of total biomass
supply by 2050

Methanol and Fischefrop-
sch Products are imported
(17 ¢ 38%o0f 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 Wuppertal Institute
Consortium
Overall demand (2050) 75¢ 95 Mt Not explicitly mentioned.  200- 250 Mt (including Bio 60 Mt 43.5 Mt 13 Mt carbon/ year (in Ger-
For plastics (EU): over based ethanol for fuel) many)

60 Mt by 2050 with high
circularity, mobilizingthe
circular economy for en-
ergyintensive mateials)

Forthcoming study, Ger-
many : 24Mt lignocellulosic
biomass assessed available


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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11.3 Considerations regarding the supply of biomass

11.3.1 Potential supply of biomass as feedstock

As shown inFigure48, the current use of biomasm the chemical industry ifmited
(43TWh) and majorlgourced from agricultural raw materials (vegetable oils, starch, sugar),
but also from lignocellulose ta small extent.

No expansion potential is envisaged for cltmsed feedstock. The vegetable oils used are
predominantly imported into the EU and, depending on thaterial requirements by the
final gpplication, oftenoriginate fromspecialspecieqe.g. castor oil for lubricants). Beyond
the existing supply relationships and quantities, no increases are envisageit loeder to
avoid the risk of land use change

The potential of lignocellulose, on the other hand, is considerable. In principdst feood,
wood grown on agricultural land (SRC), paludod 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 ofwood, various energy uses, e.g. the production of advanced biofuels (some of
which require the same processing steps as for chemiceis3. makes allocation essential
(see sectiorb.2).

Table40givesthe range of ptential lignocellulosideedstockdor the production of organic
chemicals. It includes thierest wood supplyrojected for2050subtracting the share ma-
terial use by timber/logs and fibrehis discount is made on the assumption that these
forms of use will also be required in the futuand in the event that they are to be supplied
with wood on a preferential basis through allocation (see secfid). Nevertheless, the
remaining potential is it significant, exceeding 1,000 TWh. However, this must be used to
cover the numerous requirements mentioned above.

Table40: Potential lignocellulosideedstockdor the production of organic chemicals

Biomass Potential supplyin 2050 Reference
TWh

Total borest wood 1,363 Section9.1

Forest woal, minus the share fotimber/los 540 Section9.2.3

and fibregivenin 2020(823 TWh)

Forest woodminus the share fotimber/los 347 Section9.2.3
and fibreestimated for2050(1,016 TWh)

Wood from fast growing tree(SRC) 518 Section6.1.3
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Paludiwood 100 Section6.1.3
Agricultural residueglignocellulosic) 194 Section10.1
Totalrange 1,159¢ 1,332 beyond the forest wood share

for timber/logs and fibres

Sourcecalculation by ifeu; see also referenceettions

11.3.2 Technological and material considerations for the use of biomass as feed-
stock

Biomass conversion can be realigesing two basic principles, biochemical conversion un-
der the influence of microorganisms or/ and enzymes; here digestion and fermentation can
be distinguishedas shown irschematic representation of biomass conversion paths; bio-
chemical or thermochemicaDn the other hand, the thermochemical biomass conversion,
which differs in terms of temperature range applied, access to oxygen and product compo-
sition.

Figure4d9:  Schematic representation of biomass conversion paths; biochemical or thermochemical

[ Blochomical _

| | Liquification
Digestion . Fermentation Pyrolysis
anaerobic
. Gasification
aerobic

Furthermore, different routes can be distinguished by their feedstock; pyrolysis oil (from
various types of biomass), syngas from figeion (from various types of biomass), starch
and sugar for fermentation, lignin (from lignocellulosic biomass) andiigidbiomass.

Table41: Combination of routes with potential feedstocks

Pyrolysis oil Syngas from gasi Starch and sugar Lignin Bio oll
cation for fermentation

Biomass feed- wide range of biomass "Woody biomass, agrict Sugar ad starchy crops Lignocellulosic biomass Palm, coconut, rape

stocks types are suitable for bi tural residues, and pre lignocellulosic biomass seed,sunflowerand soy-
omass pyrolysiddrestry treated biomass (e.g., (pre-treatment followed bean or aquatic bio-
and agricultural waste, torrefied) are highly suit by enzymatic hydrolysis masses|ndustrial bie
animal manure and in- able for gasification due based wastes, residues
dustrial sludge, Crop re to their favourable prop (UCO, animal fat (cat
idues and purpose erties like low moisture 1+2))

grown energycrops) and ash content, as we
as high energy density
(75%lignocellulosic)
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Products Benzene, toluene, vari- Syngas is a gas mixture Alcohols, organic acids, Syngas, hydrocarbons, Triacylglycerol molecule
ous carboxylic acids an of carbon monoxide lipids and hydrocarbons phenols, macro mole- ¢ (a) cleaved to glycero
furans (cracking, steam (CO), hydrogen (H2), i cules and fatty acids o(b)
reforming, hydrocrackir thane (CH4) and carbo converted to alkyl ester
and hydrodeoxygena- dioxide (CO2) and nitro and glycerol by trans-
tion) gen (N2)alcohols (ther- esterification (FAME)
mochemical catalysis o
fermentation), alkanes
(by FischefTropsch syn-
thesis)
Advantage Decentralized produc- Hexible biomass feed- Low direct emissions, Increases carbon effi- High carbon efficiency

tion of the pyrolysis oil stock; processing in ex- high conversion effi-  ciency in a biorefinery (as inherent molecular

(depending on abun- isting infrastructure
dance of biomass)

ciency

structures are pre-
served)

Disadvantage

Mixed product streams Contaminated (particles Energy required for pre Technical challenges, e Negative effects on bio-

(bio-oil, biochar, and  alkali metals, nitrogen
syngas) often require  components, tars, sul-
further processing (effi- furs, and chlorides)
ciencydepending on needs to be removed
properties of biomass (extensive gas cleaning
feedstock); Emits volati necessay), low effi-
organic compounds ciency/ high thermody-
(VOCs) and particulate namic lossed?

matter

treatment

ergy required for pre  diversity and (i)LUC du
treatment (separation) 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 feedstoBlspecially processes like gasification of lig-
nocellulosic feedstock for the production of syngas with a high TRL £§BioNET, n.d.;
Zimmermann et al., 2028nd a high flexibility (but a low conversion rate and high energy

demand) can be used to reduce the chemigaRi dza (i NB Q &

NBfAlLyOS 2y F2aairf Fdz5f a

has been produced, conventional methanol synthesis (Methanol as building block for olefins
(TRL = 9) and the synthesis of aromatics (TRI(Ger®s et al., 201%an 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 btitm-up approach, biomolecules are broken down to small build-

ing blocks and synthesize drippchemicalsEspecially fermentatiofvased processes using

lignocellulosic feedstocks offer a complementary route to decarbonize the chemical indus-

try by convertinghiogenic carbon into platform chemicals under comparatively mild condi-

GA2yad LY O2yiN) ailRABYEKBNNVEOKETXXOFESENXMBENBI A2y 2FGSY
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

dzLJANI RSR (2 LRfeYSNaRI a2t @Syda FyR XHEISNNYSRAFIGSad ¢K;
& S NIXppfodch: complex biomolecules are not fully crackedytagas butre Hochemi-

cally transformed into a limited number of versatile building blocks that can be integrated

into existing value chains or enable novel biobased products

49
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Figure50displays an overview of thermochemical and biochemical conversion technologies
for lignocellulosic biomass to produce products for the chemical indubkny 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 sugagmih, 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 glycolniigyields 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, siogli oils andw-3 fatty acids.

Figure50:  Conversion technologies for lignocellulosic biomass, with an indication of product share for material and energy use
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Figure51 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 oilsMaterial products (solid orange) include naphtha/BTX, bait®

waxes and bitumen; energy products (hatched orange) dominate with mobility fuels like

petrol, diesel, kerosene and fuel oils, plus other uses.
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Figure51:  Simplified process scheme oteaude oil refinery, with an indicatioof product share for material and energy use
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Table42 quantifies theenergy and biomass demarfior producing key platfornchemicals
from dry wood biomass, expressed per tosmé product (t/t product).

Table42:  Comparison of biomadsased synthesis routd8azzanella & Ausfelder, 2017)

Product Energy deman Biomass deman

[GI/teroduc] [t/t Produc]
Methanol 14.€ 2.6°
Ethylene 85.5 10.5
Propylene 95.t 5.¢
BTX (benzene, toluene, xylene) 72 11.2

The high biomasto-product ratios (5.911.2 t/t) reflect the low carbon yield (<20%) from

lignocellulosic conversion, as oxygech wood loses 4p /&2 Yl a& +a / hikli h RdzNRY

oxygenation Multi-step processes from biomass to syngas and subsequentletiosihr-
omatics result in cumulative losses ofc20% per conversion step, thereby driving up

(S G G G G G G G G G O G O G O

501t has been demonstrated that the addition of hydrogen has a positive effect on the yield of methanol
from biomass feedstck. 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 demandAs the conversion rate is still low and the energy demand is still high
(Table4?2) from a chemical conversion perspective, some product categories processes are
more efficient with oily biomass feedstocKEhis isthe casefor products that utilise the
inherent molecular sucture of vegetable ojlsuch agriglycerol.

The situation as of today for the field of oleochemistry is that the bulk obbied oleo-
chemicals especially for commodity applications such as lubricants and tenside precur-
sorg are still tied to the capaty, economics, and logistics of the conventional refining sec-
tord NJ & S &2 .Shbuldthisdéependenay persist, it would engender a considerable
risk of lockin effects with regard to the maintenance of fossil infrastructure and feedstocks.
Transitioning fully to independent biomass processing facilitiesamesnlimited by invest-
ment, technical optimization, and feedstock supply logistics; however, this is expected to
change over time. With the electrification of transport and the phagingof refineries, the
sector will move away from integrated steam dkac routes, as can already be observed
today in the EU with site closures and investments in ethane crackers. Steam cracking will
most likelybe needed for specific products and chemical recycling feedstdtiesstand

alone biorefinery sector for bibasal feedstocks in Europe is in its nascent stages of devel-
opment, with considerable growth projections anticipated over the forthcoming decades as
policy, investment and supphglated challenges are addresséd S| @Sy a .S & o2

Even though it is technically possible to produce the whole product portfolio of the chemical
industry from syngas (made available by tasification of lignocellulosic feedstock) other
potential biobased feedstocktogether with ther advantages and disadvantagaee dis-
cussed in the table below.

Table43: Pros and cons of conversion routes per feedstock types

Feedstock Process for conversion Advantage Disadvantage
(incl. efficiency and TRL

Lignocellulosic Gasification Feedstock flexibility, agriLow efficiency
cultural waste and resi-
due, agroforestry (with
high environmental co

benefits)
Fermentation (after Hy- High product selectivity, Substrate specificity
drolysis) low energy demand
Starch/ Sugar Fermentation High efficiency Compete with food or feed;
Negative Impact on biodiver-
sity
Bio-oll Hydroprocessing or Hy- Usage of existing infra- Compete with food and feed,
drotreatment with subse-structure low volume potentials on sus
guent co-processing tainability grounds, negative
Impact on biodiversity, riskf a
lock in effect highest cross
sectoral competition with
transport (esp. aviation)
Oleochemistry High efficiency, low en- Lowvolume potentials on sus
ergy demand tainability grounds, high risk ¢

fraud

HAHPOU
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Table44: Product categories ursg mainly oil crops as biteedstock

. A@SSRait201 dzasS . Al ac. A2 t NB RdzO( &

G (KB G261t orz LINBRdAzOF &S]
- Wl 0kl 1aKI NI
{dZAF NI +S3Ad[ A Ty 2 @ 8
atdl NDIhAL 58t t dz
tfFd2Mcndp op ®p MYy M noo t NRBLIRfSYS
OKS YA {SoFOAO I«
9 LA OKE 2NR ¢
tFAyGz M N M/ NH MH®p WAOAY2f SAC
02l ay: lf1{@8R NXBa
Ayla b
ReSa
{ dzNF I Cwmc y MPp NN pndn Df @02t ALRA
9adSNJIdzk G:
{ 2LK2NRE AL
/] 2aYSemn y 0 0 ppy nnaon [ FdzNEBE £«
I YR {GSFNBEAOD
LIS NA 2y OUK2E&T I (¢
Ol NB I f O2K2f &
LINE R dzC
[ dzo N& ¢ hy H HOT o Pdp LE1FySas ¢
I OA RS & ®PNA

Sourcei]. Spekreijse et al., (2019)

All of the abovementioned 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-tiloprocessing a clear

cost advantage over more complex lignocellulosic feedstocks, but it also increases the risk

of lockin effects for fossil technologies. As demand for fossil fuels andetla¢ed infra-

structure is expected to decline, the cost advantage ofdii@ver lignocellulosic feedstock

will also decline. To maximise environmental benefits and avoid the risk of fossil technology

lockA Y= dzaAy3a GKS &S00 2 NI GhiftthdhgmaichianNdgtty's kil y Y2 YSy i dzy G 2
sation of bieoil towards lignocellulosic feedstock as much as possible is ciiaoidurther

information about substitution potential, please refer to the information box on Hpéded

biorefinery conceptgJong 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, sagd 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 feeddarction, enables cultivation on



202 Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained vifeud

marginal land not suitable for conventional crops, requires less inputs and provides higher
levels of temporary carbon storage. Fagbwing trees or grasses have a number of ecolog-
ical advantages over annual crops: in diddi 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 lignocellulsic 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 biomasbased feedstocks by 2050

In order to have an initial understanding of the implications of the soplef biocbased

chemicals in terms of production requirements and land use, several scenarios were devel-

2LISR gAGK aAYLI S (SOKy2t23A0Ff | adtedzZvheliA2yad o6l &SR 2V
choice of feedstocks and their volume requirements were assessed based on their technical

potential and environmental benefits or disadvantagékis results in favouring lignocellu-

losic feedstock from waste, residue, agroforestry and short rotatioppices such as mis-

canthus, over starch/ sugar crops and oil crops (see the Allocation ugdetion6.2) and

the Category tables for supply and demaedpectively(see sectiorB.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, sed able38).

The total annual growth rate of the chemical sector has been estimate#oénd differ-
entiation in growth rates is considered across the various product categorie

1 The overall recycling rate for the product category “polyrfersplastics” is assumed at
60% for all scenarios outside the “Agora plastics” scenario, at 75% (defined Balbw).
recycling rate is only taken into account as an indication for theetaon in virgin feed-
stock needs.

The recycling rate for lubricants is estimated a¥&%y 2050.

The growth rates for bidased products have beamustomizedd a G F NIAy 3 FNBY Ww/ Qa Sada
mations) to produce at least a 20% share oflésed products by 2050

CAdpzlR2¢6a GKS SasYl (SR OINBRRNE?2 Wzyld3 NJHLINMEIRAZGINR Y Mco a
G2RIFe& (42 umn ald Ay G2GFto Ottt U2NY OKSYAOLIt&aO IyR Ot
fF NBESAdG 3INRdAzL) 6oz SIFOKOI gAGK GKS RSYFYR F2N LRteyYS
0KS LISNRA2R®

51 For simplification it is assumetiat 60% or 75% of the categolyLJ2 f &OVISINBA G A O&aQ NB o6l aSR 2y
recyclates by 2050, introducing a rarap rate for recycling. Recycling lowers the demand of biomass to
produce virgin polymers.
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Figure52.  Estimated production per product categories to 20b0/a
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Figure53 shaws the development of bilbased chemicals in all product categories investi-
gated in the period until 2050. The growth rate for the-bmsed products is estimated ac-
cording to JRC considerations and customized to reach asB@fé of biebasedproducts

by 2050. The 32 Mt of bibased products are dominated by “Platform Chemicals” (47%),
“Surfactants” (13%) and “Adhesives” (12%) and represendf2P¥ products based on vir-
gin feedstock (excluding plastics from recyclates) of the categories analysed in 2050
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Figure53:  Share of biebased chemicalby product categorieso 2050,[Mt/a].
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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 adaptexidac
ingly).Five scenarios were developed:

BAU scenarigramp up of biebased chemicals as shownRigure53, biomass type/
AKIFNB O2YLI NI o6fS (RYR2RTEVESARAUADT AZYNI KRSYf 8 YSNA 1
A O0&¢ NBERaxDAD Rcydiny rate/reached by 2050)

BAU + AGORA Plastifcamp up of biebased chemicals as shownkigure53, bio-

YIaa GelLlsk aKFNB O2YLINI¥ofS (G2 G2RFe&Qa aAddza GA2yT
GA0aQQ adGrea Oz2yaidlyid G cn adX RSYFYR 2F FTSSRadz
by a 78%60verall recycling rate, reached by 2050)

Gasificatiort Fermentation (Forcing the model to completely substitute starch/sugar

feedstock by lignocellulosic feedstock by 2050 (starting 203RL & 9 in 2023(Bio-
NET, n.d)) conversion rate 3&(Agra Industry, 2023)

Vegetable oil constant (VO®roduction of bieoil based chemicals kept constant at

G2RIFeQa tSOStT KAIKSNIasiNRoducticatdgdries$starct ¥ f A 3y 2 0Sft f dzf 2
sugar feedstock was substituted by lignocellulosic feedsemtkely by 2050 as in

the Gasification scenario) to ensure coverage ébBdmassbased products by 2050

Combination of VOC + AGORA Plasieeduction of bieoil based chemicals con-
stant, substitution of sugar/starch feedstock by lignocelluléestristock;Q LJ2 £ & YSNJ T2 NJ
LJt | apibdudiianonstant at 60 Mt, Phrecycling rate by 2050)



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

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 -abexe
tioned scenarios can be found kigure54. The increase in biomass demandiisvzen by
growth in the chemical industry and by the target to cove¥af) the chemical products are
based on biomaskeedstock by 2050. Depending on the scenario, the demand for biomass
in 2050 ranges from 290 TWh (with®4ultivated biomass/ with 4%0il crops, 3%sugar

or starch biomass, and ¥OSRC) in the BAU scenariod@r/ TWh (with60%cultivated bio-
mass/ with1.3%oil crops, no sugar or starch biomass, asd#SRC) in the VO£ Agora
Plasticsscenario

Currently, up to 8% of bio-based chemicalare derived from oil crops, with a furthe#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 introded. In this scenario, the demand for fw@ in the chemical
industry was kept constant at today's level, resulting in lower coverage of feedstock from
biomass in certain product categoriege¢liningfrom a high level today to a low level in
2050).It was assumed that the proportion of imported bl feedstock would remain con-

stant at the current rate (80%(Spekreijse et al., 2019)

205

Figure54:  Biomass demanger feedstock typdor organic chemical® 2050per scenario:BAU BAU + AgoraPlastiGasification,

G + F 75/25, G + F 20/86 TWh.
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Note: the hatched areas refer to feedstocks from residues (landscape material, straw, catchamiops fatthat either do not require
land to be produced or, in the case of catebps, 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 withiomass is high (30, with 8%®%vegetable oil and 1% sugar

and starch. The BAU scenatrio follows today's feedstock pattern and increases the share of
agricultural biomass to 5798by 2025 and 10%by 2050. IrFigure 54t is getting obvious

that in the VOGcenario, the supply of biomass feedstock for-tilowas kept at today's

level, meaning the coverage followed the opposite trend (#2025 and 36.%in 2050),

and can be completely covered by residues. TH#l20mass feedstock coverage target can

till be achieved by switching to product categories with lignocellulosic feedstock, such as
‘humanmade fibres'.

Both Agora Plastics scenarios (BAU + Agora Plastics and VOC + Agora Plastics) show a higher
demand for lignocellulosic biomass of 230 TWh comgdo their basic scenario. In both
scenarios, virgin plastics originate completely from SRC, wHieo¥ plastics are based on
recyclates in 2050

Table45: . iomassfeedstocksharesper product categoy today, in 2035 and 205Mithe scenarios BAWOCand VOC + Agora Plastic
Today 2035 2050
(2019)
VOC+Agora VO(
BAU VOC .g BAL VO( )
Plastics +Agora Plastit
Platform chemicals 0.3% 2.5% 2.4% 2.4Y 18.1y 16.7% 16.7%
Solvents 1.5% 1.6% 1.9% 1.9% 1.8% 2.4y 2.4y
Adhesives 8.8Y 31.3% 29.9% 29.9% 100% 93.9% 93.9%
Plasticiser 5.2% 9.0% 13.9% 13.9% 15.2% 35.0¥ 35.09
Polymers for Plasticd 0.4¥% 1.3% 2.2% 4.2% 5.3% 15.9% 25.0%
Synthetic fibres 13.3% 23.3y 35.8% 35.8% 39.4y 90.6% 90.6Y
Paints, coatings, inks anc
9.7% 13.4% 8.3% 8.3Y% 18.1% 7.1Y% 7.1%
dyes
Surfactants 50% 71.99 42.6Y 42.6% 100% 36.7% 36.7%
Cosmetics and personal
44.2y 67.9 37.7Y 37.7% 100% 32.5% 32.59
care products
Lubricants 3.5 5.1% 4.09 4.0% 5.5% 3.4% 3.4%

For polymers for plastics, 75% of the feedstock is assumed from recyclates by 2050

Figure55 shows the type of feedstock used by each product category in 2050. The most
significant increase in demand for lignocellulosic biomass is attributableetsubstitution

of sugar/ starckbased platform chemicals with lignocellulebiased alternatives (in the gas-
ification scenarios). In the Agora Plastics scenarios, lignocellulosic feedstock for the product
category 'polymer for plastics' represents thedast proportion of the biomass demand,
whereas in the VOC scenario, lignocelluldsised platform chemicals are the largest con-
tributor.
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For the purpose of comparison, tretudy of theBio-based Industries Consortium on the use

of biomass in the chemicaldustry estimates that approximately 22.5 @& (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 vegetal® 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.

Figure55:  Breakdown of biomass use in organic chemicals by 2050 divided by product category and biomass type, in TWh per year

500
400
300
(0]
~
L
= 200
'_
100
0
) 9 + 9 8
= c O =
: - % : > 3
S>a = Qa
<< @© w (@
= S - §
< s <
14}
O
O Ligneous Synthetic fibres M Ligneous Polymers for Plastics
[ Ligneous Plastilicer O Ligneous Adhesives
B Ligneous Solvents M Ligneous Platform Chemical
@ Sugar/ Starch Polymers for Plastics M Sugar/ Starch Plastilicer
O Sugar/ Starch Solvents W Sugar/ Starch Platform Chemicals
[ Bio-Qil Lubricants [ Bio-0il Cosmetics and personal care products
B Bio-Oil Surfactants O Bio-0il Paints, coatings, inks and dyes
O Bio-Qil Plastilicer M Bio-0il Platform Chemical

Source: calculation by ifeu; illustration: ifeu

In order totranslate each scenario inthe correspondindand use for biomassupply; 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 withesidues 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 wedlefined lignocellulosic biomass from short rotation coppice

or agoforestry, and starchsugar biomass. Furthermore, agricultural biomass is used to
meet the demand fotpolymer for plastic's In order to meet the projected demand for lig-
nocellulosic biomass as a renewable feedstock, a diverse array of biomass socwosglis

ered, each with distinct technical and lande implications.

Agricultural biomass
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SRC: covers demand frobd2 f & Y S NJ Hermdntatlbnt (a6 it pradides a uniform
quality) and replenisksdemand in case residues are used up (in later yearsessary
as demand cannot be covered by agricultural residues)

Paludiculture: covers the demand finumanmade fibré 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 tilisation of these biomass sources facilitates flexibility and resilience in
feedstock supply. It is important to note that reliance on remable land options, such as
paludiculture, catch crops and residues, enables sustainable expansion without lard co
petition with foodand feedcrops. As demand increases and residue availabeNgls off

the role of dedicated energy crops and SRC will intensify further. This will ensure a continu-
ous, qualityassured lignocellulosic biomass supply.

Figure56 shows the land demand for ahalysedscenarios in 2030, 2040 and 2050 in the
three different feedstock categories: '‘Sugar/ Starch’,-8ib and 'Ligneous' in comparison

to (i 2 R Isitualian. It is worth noicing that the land demand in BAU aBAU+ Agora Plas-

tics have by far the biggest land demand (13\fio ha/a and 14.1IMio ha/a), as bothre-
nounceresidues completely and rely only on cultivated biomas&n though the demand

in biomass [in TWh] in thBAUscenariois smaller compared to the other scenaridhis

can be explained by thHew percentage of residues that is used in 8&Uand BAU Agora
Plastis scenario {3.7%). The Gasification/ Fermeation scenario (all sugar feedstock is re-
placed by lignocellulose feedstock) hadisadvantages it still needs 40% biail which in
most cases is cultivated and comes with a high land demand (75% of the land demand is
reasoned by the cultivation of aitops). 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 imptant to consider that covering 200f 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 (se below/ Application of Allocation criteria).
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Figure56: Land demandor biomass feedstock of organic chemicals in the technology scenarios in 20302268 [Mio ha/ a].

Source: calculation by ifeu; illuation: ifeu

11.4 Application of the assessmentriteria

Figure57 presents the scores of the allocation criteria for the feedstock of the organic chem-
ical sector.The scoring for ib cropsusesin the chemical sectois morefavourabletoday

than in2050, whenit is theleast favourable. Fahe ligneous crops and residugke oppo-

site trend can be observed. Agricultural lignocellulose biomass (SR@ladewood) shove

an even scoring thraghout the period of time

Figure57:  Scoring of potential biomass feedstock for chemical industry over time














































































