
Harnessing biomass 
for a resilient Europe

An optimised path for energy and materials  
in the post-2030 framework

IMPULSE



﻿2

Agora Energiewende – Harnessing biomass for a resilient Europe

Please cite as: 

Agora Energiewende and Agora Industry (2026): Harnessing biomass for a resilient Europe.  
An optimised path for energy and materials in the post-2030 framework.

www.agora-energiewende.org/publications/harnessing-biomass-for-a-resilient-europe

→

Impulse 
Harnessing biomass for a resilient Europe.  
An optimised path for energy and materials in the 
 post-2030 framework.

Written by 
Agora Energiewende 
Anna-Louisa-Karsch-Straße 2
10178 Berlin | Germany
P +49 (0)30 700 14 35-000
www.agora-energiewende.org
info@agora-energiewende.de

Agora Industry
Anna-Louisa-Karsch-Straße 2
10178 Berlin | Germany
P +49 (0)30 700 14 35-000
www.agora-industry.org
info@agora-industry.de

Project partners
ifeu – Institut für Energie- und Umweltforschung 
 Heidelberg gGmbH
Wilckensstraße 3 
69120 Heidelberg | Germany
P +49 (0)6221 4767 0
https://www.ifeu.de/en/
ifeu@ifeu.de

Finnish Environment Institute (Syke)
Latokartanonkaari 11 
00790 Helsinki | Finland
P +358 295 251 000
https://www.syke.fi/en
media@syke.fi

Project lead
Nelly Azaïs | Nelly.azais@agora-energiewende.de

Author
Nelly Azaïs (Agora Energiewende)

Contributor
Florie Gonsolin (Agora Industry)

Reviewers
Kathrin Böhling, Christine Chemnitz, Georg Lukas, 
Nikolai Pushkarev, Tom Hollander, Wilhelm Klümper 
(all Agora Agriculture); Frauke Thies (Agora Energie
wende); Julia Metz, Julian Somers (all Agora  Industry) 
and Ulf Neuling (Agora Verkehrs wende)

Acknowledgements 
Special thanks to Agora Agriculture colleagues for  
a close collaboration over the course of this project, 
especially Kathrin Böhling, Tom Hollander and  
Wilhelm Klümper; to Matthias Deutsch, Leandro 
Janke, Lea Mohnen and Paul Münnich (Agora Indus-
try); former colleagues Andreas Graf, Michaela Holl 
(all Agora Energiewende); Arnaud Brizay, Nahleen 
Lemke (all Agora Agriculture) and Fedor Unterlöhner 
(Agora Industry); to Horst Fehrenbach and Theresa 
Schlamp (all ifeu); to Klaus Hennenberg ( Öko- Institut); 
to Peter Goult and Anne-Wietje Zwijnen (all  Systemiq); 
to all stakeholders for sharing their views and 
insights over the course of this project; and to the 
Agora Communication team: Kaisa Amaral, Darragh 
Cunningham, Alexandra Steinhardt, Janina Weihe 
and Anja Werner (all Agora Think Tanks).

https://www.agora-energiewende.org/publications/harnessing-biomass-for-a-resilient-europe
http://www.agora-energiewende.org
mailto:info%40agora-energiewende.de?subject=
http://www.agora-industry.org
mailto:info@agora-industry.de
https://www.syke.fi/en
mailto:media@syke.fi
mailto:Nelly.azais@agora-energiewende.de


﻿3

Agora Energiewende – Harnessing biomass for a resilient Europe

material uses while ensuring sustainable biomass 
sourcing. To this end, the EU's post-2030 climate and 
energy framework is a critical window of opportunity 
to act. Policy choices on subsidies and investment 
signals will determine whether biomass delivers on 
its full potential. With appropriate incentives, a more 
strategic use of this resource can strengthen energy 
security, open new markets for bio-based innova-
tion, and support farmers and forest owners in the 
transition. 

We wish you an insightful read.

Frauke Thies,  
Director Europe, Agora Energiewende

Julia Metz,  
Director Agora Industry

Dear reader,

Europe is navigating through one of the most con-
sequential periods in its modern history. The twin 
imperatives of energy security and mitigating climate 
change – sharpened by geopolitical tensions and 
growing economic competition – have placed resource 
strategy at the top of the political agenda. Biomass is 
a limited yet strategic resource that touches nearly 
every corner of the European economy. But today it is 
directed predominantly towards energy applications 
where more efficient mature alternatives already 
exist, while its potential for higher-value material 
uses remains largely untapped.

This publication shows how biomass can be used 
more strategically across sectors and over time. It out-
lines a path that steers biomass towards higher-value 

1 Biomass is a limited yet strategic resource for reaching Europe’s resilience, competitiveness and 
climate objectives. However, its current use is suboptimal: it is predominantly directed towards 
energy applications where mature and efficient alternatives already exist, while material uses 
remain limited. Shifting the regulatory and financial incentives so that they encourage higher-value 
material uses of biomass is essential to maximise its long-term contribution.

2 By 2050, the role of biomass could shift decisively from energy production towards material uses. 
The scenario developed for this report foresees material use rising from 38% today to 56%. Key 
drivers include construction, furniture and fibre-based products (pulp and paper, particle boards, 
textiles) and a nine-fold growth in bio-based chemicals, from 47 TWh to 428 TWh. Energy use de-
clines, shifting from heat and road transport towards back-up power and hard-to-electrify sectors 
like aviation, within strict limits. 

3 Biomass supply has meaningful room to grow but realising this potential requires resilient forests 
and sustainable food systems. Supply can increase by 17% compared to today, driven largely by 
agriculture, through fast-growing trees, grasses and residues and can provide new income streams 
for farmers. Biogas production remains stable and increasingly relies on manure, biowaste and 
sewage sludge. Lignocellulosic feedstocks are used for higher value applications such as chemicals, 
opening new markets for bio-based products.

4 Harnessing biomass’ full potential requires coherent policy aligning supply with high-value uses. 
The EU’s post-2030 energy and climate framework is a chance to redirect demand and investments 
and advance lead markets for bio-based products. This shift requires scaling up electrification in 
road transport, buildings and industry and phasing out fossil fuel subsidies. With the right incentives 
and strong sustainability standards, strategic biomass use can unlock innovation and new business 
opportunities and make Europe more resilient. 

Key findings at a glance

Preface

→
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Introduction

This paper aims to support a European vision for bio-
mass as a strategic resource in a context shaped by 
the current oil and gas crisis and the urgent need for 
energy security and sustainability. At a time when 
Europe works to reduce its dependence on fossil fuels 
and accelerate the transition to clean energy, biomass 
emerges as a crucial solution, yet one which today 
is not used effectively. Its potential extends beyond 
energy, offering a means to transform sectors includ-
ing construction and industry, where mature alter-
natives to carbon-intensive materials and feedstocks 
remain scarce.

The publication provides a roadmap for leveraging 
biomass to achieve resilience, competitiveness and 
strategic autonomy in a rapidly evolving geopolitical 
and environmental landscape. It is intended for poli-
cymakers, industry leaders and researchers involved 
in shaping Europe’s post-2030 energy and  climate 
policies. It offers actionable insights as to how limited 
biomass can be allocated optimally across energy and 
material applications, ensuring its production and 

use aligns with Europe’s long-term goals. Through 
this study, stakeholders can gain a clearer under-
standing of how best to foster high-value material 
uses of biomass while reducing the use of energy 
applications when mature alternatives exist, thereby 
maximising its impact.

The study delves into a contentious and complex 
debate: how can Europe optimise the use of its 
biomass while limiting pressure on land resources 
and mitigating impacts on food systems,  climate and 
biodiversity? While biomass combustion is classified 
as carbon-neutral in EU legislation, it does result in 
emissions and involves environmental trade-offs, e.g. 
on land-use change and carbon sinks, which can pose 
significant challenges. Against this backdrop, this 
paper structures the debate by providing a compre-
hensive overview of land-based biomass flows for 
energy and materials over time. It proposes a frame-
work for integrating biomass into Europe’s broader 
energy and material transition, ensuring it contributes 
to a smarter, more resilient and sustainable future.
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1	 Biomass: enhancing the societal benefits  
of a limited resource

1.1	 Biomass sustainability and  
availability gap

Over the years, the EU has increasingly relied on 
biomass to meet its renewable energy targets, 
reaching a share of around 60% today.1 The majority 
is derived from primary forest wood, used largely to 
produce space heat but also process heat. Biofuels, 
mainly used for road transport, continue to be made 
from annual agricultural crops. Overall, emissions 
originating from all forms of biomass combustion for 
energy purposes have increased three-fold over the 
last three decades, from over 200 MtCO₂ per year in 
the early 1990s to around 600 MtCO₂ per year in the 
early 2020s2 (see Figure 1).

The EU’s growing demand for forest wood, largely 
for energy use, has led to an increase in harvesting, 

1	 https://research-and-innovation.ec.europa.eu/research-area/
energy/bioenergy_en . 

2	 Agora Energiewende (2024), p. 56. European Scientific Advisory 
Board on Climate Change (2025), p.144.

imports and the use of wood sourced from unknown 
origins.3 At the same time, the EU’s forest carbon sink 
has steadily deteriorated, losing 27% of its  average 
capacity between 2010-2014 and 2020-2022, 
from -457 MtCO₂eq/year to -333 MtCO₂eq/year4 (see 
Figure 2). Increased harvesting is identified as one of 
the factors that – combined with ageing forests and 
 climate-related pressures such as droughts, high winds 
and pest outbreaks – is contributing to the worsening 
of the sink level. Moreover, intensive forest manage-
ment adversely impacts forest ecosystems, directly 
affecting biodiversity and resilience to  climate change. 

Biomass used for energy and materials produced 
on agricultural land is predominantly sourced from 
annual production systems. Compared to perennial 
production systems, annual production is associated 
with stronger negative effects on  climate, biodi-
versity, and water through e.g. nitrogen surpluses, 

3	 ESABCC (2025), p.144-145
4	 European Environment Agency (2024). See also Migliavacca (2025).

Agora Energiewende (2024) based on Cicero Center for International Climate Research (2023) based on data from the United Nations 
Framework Convention on Climate Change Common Reporting Format (UNFCCC CRF) Tables, EU, 2023

→ Fig. 1Carbon emissions from biomass combustion in the EU-27 
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pesticide application and induced land used change 
(LUC) risks. In contrast, multi-annual lignocellulosic 
crops such as fast-growing trees play a marginal 
role today, while they have the potential to offer 
environmental benefits through carbon sequestra-
tion, biodiversity enhancement as well as erosion 
prevention and water protection, especially when 
well-integrated into agricultural landscapes, e.g. 
in the form of agroforestry systems. Moreover, the 
risks of induced indirect land used change (iLUC) are 
reduced compared to annual crops because of higher 
dry matter yields and less competition with food 
and feed production for the same areas of land. This 
way these multi-annual lignocellulosic crops can 
increase the agriculture sector’s resilience, contrib-
ute to  climate mitigation and offer new economic 
opportunities in the bioeconomy and a diversifica-
tion of income in rural areas. 

Projections from the European Environment Agency 
(EEA) see the contribution of the land use, land use 
change and forestry (LULUCF) sector to the EU’s GHG 
balance further deteriorating to –183 MtCO₂eq by 
2030 and -138.7 MtCO₂eq by 2050 with existing 
measures, and –233 MtCO₂eq and -181.1 MtCO₂eq 
respectively if all Member States planned additional 
measures are swiftly implemented. Consequently, 

the EEA considers that EU-level net removal target 
of 310 MtCO₂eq by 2030 in the land use, land use 
change and forestry (LULUCF) Regulation “will be 
difficult to achieve without significantly more ambi-
tious removals measures in the coming  years” 5.

Moving forward, biomass demand is projected to 
exceed supply6 in the EU as businesses are increas-
ingly relying on biomass as an alternative to fossil 
fuels or carbon-intensive materials to reach their 
 climate objectives. Bioenergy demand is  projected 
to increase two- to three-fold but biomass demand 
for material use is also expected to grow, although 
this is neglected by most forecasts. For instance, 
wood-based materials are anticipated to play an 
increasing role in the construction sector. Wood 
fibre-based packaging is expected to grow as a 
substitute to plastic. The chemicals sector also 
has the ambition to scale up the use of bio-based 

5	 EEA (2025b)
6	 Institute for European Environmental Policy (2021). Material 

Economics (2021). Note the ‘prudent scenario’ used by Material 
Economics for assessing biomass demand and supply excludes 
behavioural changes such as low-meat/dairy products diets and 
does not take into account the guidance targets for organic farm-
ing (25%) and land-use conservation (30%) from the EU Forest and 
Biodiversity Strategies.

GrasslandForest land WetlandsSettlementsOtherHWP Cropland

European Environment Agency (EEA) (2025). Greenhouse gas inventory and GHG projections. HWP = harvested wood products

→ Fig. 2
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energy and feedstocks. Based on the Commission’s 
PRIMES modelling, demand projections would 
require a supply around 50% higher than what 
EU ecosystems could sustainably provide by 2050.7 
In the Commission’s 2040  climate target impact 
assessment, the LIFE scenario foresees 1,714 TWh of 
biomass being used for energy only by 2050 (against 
1,865 TWh in 2021), while biomass supply for mate-
rial use is not accounted for (see Figure 8 Annex I).8 

The EU is thus facing a gap in the availability of sus-
tainable biomass, pointing to a growing risk of leak-
age regarding land use and carbon sinks.9 This dual 
gap puts at risk not only Europe’s  climate-neutrality 
objective but also the necessary transformation of 
industrial value chains. Ignoring this dual gap will 
slow down the technological innovations and sectoral 
developments necessary to achieve the EU’s  climate, 
resilience, autonomy, competitiveness and leadership 
objectives concurrently.

1.2	 Overview of biomass use in energy 
and materials across different 
sources

The biomass flows shown in Figure 3 illustrate cur-
rent volumes of biomass from sourcing to end-use, 
for energy and materials in the EU today.10 Three 
main sources of biomass are distinguished in the 
study: forest, agriculture (crops and residues) and a 
diverse range of waste streams.

Forest wood 

Forests provide 72% of all the biomass used for energy 
and materials today in the EU. Out of the 1 650 TWh 
of forest wood supplied, 59% is used for energy and 

7	 Material Economics (2021).
8	 ifeu (2026), section 6.4.3, Figure 26.
9	 Leakage risks refer to the potential impacts in third countries 

from biomass demand increase in the form of increased forest 
harvest or indirect land use change (iLUC), which are associated 
with LULUCF emissions and potential biodiversity loss, as well as 
agricultural intensification, causing agricultural GHG emissions.

10	 For an explainer on the use of TWh as a common unit, see 
Annex IV.

41% for material applications once transformed. 
About a quarter (27%) of all harvested forest wood 
is processed in sawmills and transformed into solid 
wood products. In addition, 47% goes towards heat 
production. If waste from sawmills (saw dust) and 
paper mills (black liquor) is included, 58% is used for 
heating. As for materials, 26% is used for fibre-based 
products, split between particle boards and pulp and 
paper, and 15% in construction and furniture (solid 
wood) 11 (see Figure 3).

In addition to providing for most of the biomass 
used for energy and materials, forests also act as 
an essential carbon sink. However, forests damage 
caused by wildfires, storms and bark beetle out-
breaks is projected to increase in Europe even if 
global average  climate warming is limited to 2°C 
by 2100. In the future, Europe’s forests are likely to 
absorb less carbon, potentially even release more 
than they absorb, increasing pressure on other sec-
tors such as transport and agriculture to reduce their 
emissions more rapidly.12 Preserving the EU forests’ 
ecosystems and resilience is therefore crucial. Doing 
so without causing leakage through increasing forest 
wood imports requires addressing both the supply 
and demand sides. On one hand, adjusting current 
forest harvest levels in stable stands13 while adapting 
management practices in unstable stands, would 
contribute to the resilience of the forest ecosys-
tems while still supporting  climate mitigation. On 
the other hand, moving away from energy towards 
material use can contribute to containing emissions 
from combustion, increasing carbon storage in prod-
ucts and limiting leakage. This implies an adjust-
ment of the forest value chains as well as a reori-
entation of the current policy framework related to 
forest and lignocellulosic biomass, at both EU and 
Member State s levels.

11	 These shares take into account the cascading use of wood waste 
from industrial transformation, such as the use of sawdust as a 
feedstock for paper and pulp or particle boards from the produc-
tion of timber products in construction or furniture.

12	 See PIK (2026), Grünig, M. et al. (2026).
13	 A stand is a subdivision of larger forests that presents relatively 

homogenous forest conditions. It is generally the unit at which 
forest attributes are assessed and subsequently managed.
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→ Fig. 3Biomass flows for energy and materials in 2020, EU-27
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Agricultural biomass

Today, on top of producing food and feed, the agricul-
ture sector supplies crops for energy use (231 TWh of 
food and feed crops), chiefly for transport (189 TWh) 
and, within that mainly for road transport. These 
annual crops require around 7 Mha or over 7% of EU 
arable land to be produced, as well as around 1.6 Mha 
abroad (for ca. 40 TWh of imported crops). The use 
of annual energy crops raises questions of resource 
efficiency for mobility. The cultivation of such crops 
requires fertilisers, whose production is energy-
intensive, while its use releases GHG emissions. 
At the same time, powering a car with electricity 
instead of an internal combustion engine is far more 
energy efficient. Moreover, life-cycle emissions of 
battery electric cars are nearly four times lower than 
those of petrol cars (based on an average blend of 
petrol and ethanol) in the EU.14

Crops (e.g. green maize) are also used, alongside 
waste such as manure to produce biogas or biom-
ethane. Biogas is predominantly used locally for 
heat generation, and to a lesser extent for electricity 
production (via combined heat and power plants, or 
CHPs). Biomethane can be directly injected into the 
fossil gas grid, as seen in France or Italy where such 
developments are incentivised. Projected biogas 
production developments are incentivised by the 
EU’s biogas/biomethane target of 35 bcm/year (or 
342 TWh/year) by 2030 and a subsequent ramp-up 
to 2050.15 These projections are questionable on sev-
eral grounds: feedstocks sustainability and methane 
leakage risks, the difference in projected demand 
levels necessary to reach  climate neutrality based on 
various scenarios and the future of the fossil gas grid 

14	 The International Council on Clean Transportation analysis 
considers the expected changes in the electricity mix and the 
average 20-year lifetime of passenger cars in the European 
Union. When battery electric vehicles (BEVs) are compared 
with internal combustion engine vehicles, additional emissions 
from the production of the battery are shown to be “more than 
offset after about 17,000 km of use in the first one or two years”. 
“When running on the EU average fuel and electricity mix, only 
BEVs offer a large-scale reduction in life cycle GHG emissions. ” 
ICCT (2025). 

15	 See RePowerEU Plan of May 2022, updated with RePowerEU 
Roadmap of May 2025. https://energy.ec.europa.eu/topics/
renewable-energy/bioenergy/biomethane_en

infrastructure. As the EU progresses towards  climate 
neutrality and greater energy autonomy, fossil gas 
use is expected to decline over time, with a foreseen 
decommissioning of the grid.16

Diverse wastes and residues

Today most wastes and residues (344 TWh) are 
used for energy purposes, with the exception of 
used paper (145 TWh), which is largely recycled. 
Biowaste, sewage sludge and used wood are used 
for heat and electricity generation while used 
cooking oils (UCO) and animal fat are used to pro-
duce biofuels. The recovery of biowaste, sewage 
sludge etc. can be further enhanced already today. 
However, overall, the volumes of such wastes and 
residues are not expected to grow significantly, 
while risks of fraud, as observed for UCO, still need 
to be fully addressed.

1.3	 Shaping tomorrow’s value chains

Recognising biomass as a limited resource can help 
advance innovative processes, business models and 
value chains that effectively contribute to the EU’s 
 climate neutrality, resilience, competitiveness and 
strategic autonomy goals, while generating oppor-
tunities on both the supply and demand sides. The 
agricultural sector can support these goals while 
moving away from the cultivation of annual crops 
for energy use, towards crops offering additional 
environmental co-benefits (e.g. fast-growing trees 
such as poplar and willow, or other perennial crops 
such as miscanthus). These can provide lignocellu-
losic feedstocks while providing temporary carbon 
sinks as well as enhancing biodiversity, water quality 
and soil protection. In doing so, agriculture could also 
strengthen the EU’s autonomy in biomass supply and 
create new industrial value chains. In forestry, large-
scale adaptation programmes, adjusting forest man-
agement practices in unstable stands and reduced 

16	 The Gas Package refers to the need for planning ahead of a 
decrease in fossil gas use. See EC (2024a).

https://energy.ec.europa.eu/topics/renewable-energy/bioenergy/biomethane_en
https://energy.ec.europa.eu/topics/renewable-energy/bioenergy/biomethane_en
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harvesting rates in stable stands would diversify 
tree species and wood assortments, developing new 
processes for durable products. 

On the demand-side, prioritising mature electrifi-
cation solutions instead of biomass, especially for 
space heat, low and medium process heat and road 
transport, aligns with the EU’s  climate, competitive-
ness and resilience goals. It would enable a shift of 
biomass towards more strategic material applications 

and sectors like heavy industry, long-distance trans-
port and organic chemicals where de-fossilisation 
remains challenging.

Achieving these goals requires a cross-sectoral 
approach to biomass sourcing, flows and use. 
Europe’s new Bioeconomy Strategy, released in 
November 2025, reflects this direction and frames 
the bioeconomy as a “strategic opportunity of the 
21st century.”
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2	 Europe’s Bioeconomy Strategy

2.1	 Aims and focus

In light of today’s geopolitical context, the Bioecon-
omy Strategy17 aims to strengthen the EU’s eco-
nomic and resource security by reducing strategic 
dependencies on both fossil-based and imported 
raw materials. It envisions bio-based materials and 
products to provide fossil-free alternatives, with 
the ambition to scale their deployment by 2040 
using biomass sourced from forests, agriculture 
and oceans. The Strategy aims to ramp up innova-
tion and investments, along with developing lead 
markets for bio-based materials and technologies, 
helping to ensure a sustainable biomass supply and 
make effective use of international partnerships 
and trade agreements.

To support market development, the strategy focuses 
on a range of materials and products for support, 
including organic chemicals (bio-based chemicals 
covering all segments, with a focus on bio-based 
polymers, plastics and textiles), fertilisers and plant 
protection products, as well as packaging, textile and 
construction materials. It seeks to support enabling 
technologies, targeting ‘first-of-a-kind’ biorefiner-
ies, advanced fermentation, and biogenic carbon cap-
ture, use and storage. In addition, it proposes to foster 
regional clusters, or ‘Industrial Symbiosis Valleys’, to 
better connect feedstocks with infrastructure and 
investment planning at local level. 

Biomass for food and energy is addressed in parallel 
policy frameworks, including the Vision for Agricul-
ture and Food to 204018 and the forthcoming Energy 
Union package post 2030. The Bioeconomy Strategy 
acknowledges the relevance of existing regulatory 
frameworks, noting that lessons from the implemen-
tation of the Renewable Energy Directive – particu-
larly its sustainability and greenhouse gas emissions 

17	 EC (2025a).
18	 https://agriculture.ec.europa.eu/overview-vision-agriculture-food/

vision-agriculture-and-food_en 

saving criteria and technological developments in 
energy from renewable sources will be considered in 
2026. The European Commission (EC) plans to pub-
lish a report in 2027 in line with Article 3(3) [of the] 
RED, assessing the impact of Member States’ biomass 
support schemes, including on biodiversity,  climate, 
environment and potential market distortions. 

Nevertheless, biofuels are expected to contribute to 
fossil fuels substitution in the aviation and mari-
time sectors in line with the ReFuelEU Aviation and 
 FuelEU Maritime regulations. Moreover, the Bioec-
onomy Strategy foresees that biofuels can help with 
the transition to electrification of long-haul heavy-
duty transport, while acknowledging that biomass 
use is “most effective in hard-to-abate sectors”.

Finally, biogas and biomethane production are to 
valorise biowaste19 while providing bio-based fer-
tilisers from digestate, as well as biogenic carbon via 
CCU from the upgrade to biomethane. The anaerobic 
digestion (AD) technology is also promoted.20

2.2	 Sustainability approach

The Bioeconomy Strategy calls for the efficient 
use of biomass and provides general guidance in 
terms of developing lead markets for both materials 
and technologies: “Efficient use of biomass means 
directing it toward higher-value applications and 
reducing pressures on ecosystems, while reflecting 
local conditions and market realities.” The Strategy 
also encourages using biomass for higher value 
products and materials that store carbon for pro-
longed durations, while substituting fossil-based 
materials. Sourcing for energy generation should 

19	 Bio-waste covers garden and park waste and food and kitchen 
waste. See Article 3, point 4. Directive (EU) 2018/851 on waste. 

20	 Processed digestate known as RENURE (REcovered Nitrogen 
from manure, fertilising products derived from processed live-
stock manure) is now allowed to be used as a chemical fertiliser 
substitute. 

https://agriculture.ec.europa.eu/overview-vision-agriculture-food/vision-agriculture-and-food_en
https://agriculture.ec.europa.eu/overview-vision-agriculture-food/vision-agriculture-and-food_en
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come from “residual and secondary streams” and 
be used when there is no decarbonised alternative 
solution or when “it ensures energy security and 
energy affordability”.21

The Strategy emphasises the circularity principle22 
and the distinction between primary and secondary 
biomass.23 The Strategy seeks to enhance circular-
ity to make greater use of secondary feedstocks, via 
market signals and an EU-wide market for secondary 
biomass. Incentives for lead markets should include 
requirements to increase the longevity, reusability 
and recyclability of products. In terms of primary 
biomass supply, the Strategy’s ambition is to ensure 
that sustainability and competitiveness go ‘hand-in 
hand’. Forests should remain productive and be able 
to provide a resilient carbon sink as a result of sus-
tainable management practices at the local level. 

The Strategy also foresees that the Common Agri-
cultural Policy (CAP) should support circular and 
sustainable practices as well as innovation. It under-
lines the importance of water resilience, referring to 
the Water Resilience Strategy. Emerging markets for 
carbon and biodiversity credits are seen as a potential 
source of new income streams for rural areas. Carbon 
farming methodologies and an EU registry are set to 
be adopted under the Carbon Removals and Carbon 
Farming (CRCF) Regulation, complemented by the 
Nature Credits Roadmap for enhanced action for eco-
system restoration to guide voluntary markets and an 
EU Buyers’ Club24 so as to create demand.

Finally, the Strategy emphasises that biomass use 
should remain within planetary boundaries and 
incorporate the LULUCF Regulation goals, finding ‘a 

21	 EC (2025a), p. 8.
22	 The circularity principle can be summarised as: reduce, reuse, 

recycle. The Strategy aims to enhance resource efficiency and 
“reduce pressure on primary production systems” by “keeping 
materials in productive use for longer and making better use of 
residues and by-products”. EC (2025), p. 14.

23	 Primary biomass refers to the biomass produced or harvested and 
excludes waste and by-products streams. “Secondary biomass 
includes biomass from by-products or side streams from product 
manufacturing processes, bio-waste, livestock waste, recovered 
post-consumer wood, paper and cardboard and any other biomass 
recovered from end-of-life bio-based products.” EC (2025), p. 15.

24	 https://tracker.carbongap.org/policy/eu-buyers-club/

balance between production, restoration and protec-
tion’. Modelling capacities and data collection should 
be strengthened to obtain a clearer picture of the 
potential of sustainable biomass and guide demand-
side measures. 

In all, the Strategy clearly highlights material uses 
and feedstocks from secondary streams of biomass 
but falls short of addressing bioenergy. Moreover, 
it recognises the importance of healthy ecosystems 
which underpin the bioeconomy, while conceding 
that there is a lack of clarity vis-à-vis the potential 
of sustainable biomass. This combination of uncer-
tainty regarding sustainable biomass potential and 
the apparent lack of strong coordination efforts 
across sectors and value chains presents high risks 
to the Strategy’s aim of balancing and achieving both 
sustainability and competitiveness goals.

2.3	 Assessing risks and  opportuni ties 
arising from the Bioeconomy 
Strategy

To avoid adding pressure on already fragile ecosys-
tems across forests and arable land, fostering material 
use from biomass can only be achieved if energy uses 
are constrained in a parallel and coordinated manner. 
Consequently, promoting biomass for material use 
requires a concurrent shift away from energy use, 
starting with applications that can be easily elec-
trified. Given that bioenergy will be treated as part 
of the Energy Union package, coherence and syn-
chronisation of policies for both energy and material 
uses is paramount. Energy security and affordabil-
ity, which are valid and fundamental policy aims, 
should not be misused to hamper changes or discard 
co-benefits (e.g. health benefits from improved air 
quality from reduced biomass combustion).

Food production and demand should also form part of 
the assessment. Today, 12.5% of total biomass supply 
used for energy and materials comes from agricul-
ture (primarily food and feed crops) and is principally 
used for biofuel production, as well as space and 
district heating. These are end-uses that can already 
be electrified. The development of a framework for 

https://tracker.carbongap.org/policy/eu-buyers-club/
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sustainable food systems would offer an opportunity 
to reassess the current cultivation of annual crops 
for energy and reflect on crop selection for providing 
feedstocks for energy and materials in the future. 
Due consideration should be given to food security, 
human health, planetary boundaries, GHG emissions 
and ecosystem resilience at the same time. Balanc-
ing different policy objectives, including  climate and 
environment protection, is essential to providing 
viable economic opportunities for rural areas and 
industry over the medium to long term.

Another concern is the Bioeconomy Strategy’s 
emphasis on ‘residual and secondary streams’ for 
energy use. Clear definitions, based on scientific 
evidence, are essential. The implementation of the 
RED sustainability criteria, including the cascading 
principle for wood, has so far allowed increasing 
volumes of forest wood to be used for heat genera-
tion. The recovery of diverse wastes and residues, 
however, contributes to addressing the biomass 
sustainability and availability gap and should be 
further encouraged. This can be done by incentivis-
ing recovery while minimising waste generation and 
preventing fraud. However, waste and residue sup-
ply remains relatively small. Today, it accounts for 
only 13.5% of all biomass-based energy use. With-
out a shift towards electrification, current energy 
needs cannot be met by these limited streams. Agora 
estimates the potential to expand recovery to be 
modest if other usage and environment protection 
(for instance soil health in agriculture) are given due 
consideration, both today and in future.25

Lastly, the Strategy’s implementation will also 
require robust carbon accounting frameworks and 

25	 Agora Agriculture (2024), ifeu (2026).

sustainability requirements. These must apply not 
only within the EU but also in relation to trading 
partners outside of the EU. The aim to “avoid neg-
ative environmental and social impacts abroad” is 
welcome but has proven to be difficult to implement 
in practice (first generation biofuels are a well-
documented example26). Moreover, in today’s geo-
political context, risks relating to land and biomass 
grabbing are high. The EU’s commitment to multilat-
eral  climate and environment agreements will be all 
the more compelling if policy at home remains ambi-
tious and the EU retains a credible leadership role.

Overall, the Strategy represents an opportunity to 
align biomass production and use more closely with 
EU policy goals. It can create new business oppor-
tunities across the economy and support the EU’s 
competitiveness and strategic autonomy goals. The 
Bioeconomy Strategy can contribute to the EU’s clean 
technology deployment and  climate leadership if the 
risks identified above are well managed.

To address the challenges outlined above, Agora has 
developed scenarios that balance EU policy goals in 
terms of  climate and environment protection, stra-
tegic autonomy, resilience and competitiveness. The 
resulting biomass scenario for energy and materials 
offers a resilient way forward for a balanced transi-
tion for biomass use. 

26	 In 2020, the EU agreed to cap conventional (first-generation) 
crop-based biofuels at a 7 percent share of its transport energy. 
The latest warning from the scientific community on the risks 
associated with biofuels was on the occasion of the 30th UN 
Climate Change Conference (COP30) in November 2025 in Brazil: 
‘Open Letter to COP30: A Scientific Call to Confront the Risks of 
the Growing Global Biofuels Demand’. The letter can be found at: 
https://uploads.transportenvironment.org/production/files/Let-
ter-to-COP30-Delegates_-A-Scientific-Call-to-Confront-the-
Risks-of-Biofuel-Expansion_final.pdf?dm=1762275688. 

https://uploads.transportenvironment.org/production/files/Letter-to-COP30-Delegates_-A-Scientific-Call-to-Confront-the-Risks-of-Biofuel-Expansion_final.pdf?dm=1762275688
https://uploads.transportenvironment.org/production/files/Letter-to-COP30-Delegates_-A-Scientific-Call-to-Confront-the-Risks-of-Biofuel-Expansion_final.pdf?dm=1762275688
https://uploads.transportenvironment.org/production/files/Letter-to-COP30-Delegates_-A-Scientific-Call-to-Confront-the-Risks-of-Biofuel-Expansion_final.pdf?dm=1762275688
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3	 Optimising biomass use

3.1	 The Agora biomass scenario for 
energy and materials in a nutshell

Agora has developed a biomass scenario showing 
how the demand for both energy and materials can 
be met by balancing various sustainability dimen-
sions (climate mitigation and adaptation, improved 
biodiversity, carbon sinks, ecosystems health etc.) 
over time while also supporting Europe’s  climate 
neutrality objective. It is derived from two compre-
hensive Agora scenarios:

→	Breaking free from fossil gas – A new path to a 
climate-neutral Europe (Agora Energiewende) 
sets out a pathway to phase out fossil gas across 
the economy, covering the energy, building, 
transport and industry sectors. It is based on 
ramping up energy efficiency, renewable energy 
(solar and wind) and the electrification of appli-
cations in transport, buildings and industry 
sectors. When it comes to bioenergy consump-
tion, the scenario shows that demand related 
to space heat decreases steadily due to building 
insulation improvements and increased deploy-
ment of heat pumps. Biogas and biomethane 
demand stay roughly stable over the period (See 
Annex III for illustrations).27 

→	Agriculture, forestry and food in a  climate neutral 
EU. The land use sectors as part of a sustainable 
food system and bioeconomy (Agora Agricul-
ture) maps a sustainable approach for producing 
biomass for food, feed, energy and materials. 
This approach considers possible contributions 
of the land use sectors to different sustaina-
bility dimensions (e.g.  climate neutrality and 
biodiversity) while ensuring food and nutrition 
security. It is built on an efficient use of land and 
a more sustainable demand for food, feed and 
other biomass. The transition to sustainable food 
systems includes shifts in dietary patterns and 

27	 Agora Energiewende (2023), p. 4, 27, 29-20, 36, 48.

agricultural production that allow for the pro-
vision of an increasing amount of domestically 
grown biomass to other sectors while improving 
the EU’s virtual land trade balance28 . Emissions 
from agriculture and agricultural peatlands are 
reduced from 483 MtCO₂eq today (emissions 
from drained agricultural peatlands included) to 
186 MtCO₂eq (or -60%) via several levers: die-
tary shifts to more plant based food result in the 
reduction of livestock numbers, as well as the use 
of mitigation technologies in the livestock sector, 
peatland rewetting and low-emission fertilis-
ation. In addition, 13 Mha of woody structures 
like fast growing trees and hedges are grown 
on arable land, resulting in ca. 660 MtCO₂eq of 
negative emissions over a 20-year period. The 
EU’s forest wood harvest rate is reduced by 
10% on average, temporarily reducing harvest 
in targeted resilient forest stands to preserve 
their growing stocks, while forests expand by 
five Mha through afforestation. These combined 
actions are estimated to provide an additional 
carbon sink of 50 MtCO₂eq/year by 2050 (see 
Annex II for illustrations).29

The Agora biomass scenario has been further 
refined in terms of granularity levels and flow 
 allocation, with the support of ifeu (Institute for 
Energy and Environmental Research) and Syke 
(Finnish Environment Institute) but remains 
embedded within the two main scenarios above. 
It illustrates how biomass supply can increase while 
supporting  climate mitigation, adaptation and bio-
diversity protection goals (see Figure 4. For further 
illustrations over time, see Annex I). The scenario 
design is driven by considerations to minimise 
the use of agricultural land per unit of biomass 

28	 Traded products are converted into embedded virtual land using 
world average yields to calculate the virtual land trade balance of 
the EU. See Figure 11 in Annex II, as well as p. 43, Chapter 2, Agora 
Agriculture (2024). 

29	 The scenario excludes aquatic resources. Agora Agriculture 
(2024), p. 43-47, 131, 136.
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produced, increase co-benefits of biomass crops, for 
instance for carbon sequestration on agricultural 
land, and protect the forest carbon sink. To meet a 
growing wood demand against the backdrop of a 
slightly reduced forest harvest (1,436 TWh by 2050 
against 1,652 TWh today), resources are mobilised 
outside forests, mainly in the form of fast-growing 
trees from agroforestry systems and plantations (e.g. 
willow, poplar), for a feedstock volume of around 
500 TWh by 2050. Paludiculture (100 TWh), wood 
residues from landscape maintenance, straw and 
catch crops (altogether 194 TWh) provide additional 
lignocellulosic feedstocks. Almost all biomass supply 
is domestically sourced, with only a limited contri-
bution from imported vegetable oils (21.7 TWh). In 
terms of wood imports, the slightly negative current 
balance in trade flows is projected to shift towards a 
small trade surplus before balancing out ov er time. 

On the demand side, the Agora biomass scenario 
shows a significant shift towards material use 
by 2050. Compared with today, forest wood used 
for timber products in construction and furniture 
increases by 40%. Fibre-based products such as 
pulp and paper, particle boards and textiles grow by 
25% from current levels, while bio-based chemicals 

expand substantially (ninefold, to 912%) drawing 
on lignocellulosic feedstocks. Fibre-based prod-
ucts remain the largest share of bio-based materi-
als (47.5%), followed by chemicals (29%) and timber 
products (23.5%). Higher recycling rates in plastics 
(75%) and lubricants (25%) production by 2050 lowers 
the need for virgin feedstocks. The share of bio-based 
organic chemicals reaches 20% by 2050 against ca. 
3% today. Biomass still covers heating needs with up 
to 775 TWh (against 1,090 TWh today, or -29%), with 
28% coming from forest wood (217 TWh, directly or 
indirectly). Wastes and lignocellulosic feedstocks are 
used to produce bio-based fuels (289 TWh), mostly 
for aviation. 

The Agora biomass scenario underlines that even 
with an increase in biomass supply by 2050, cou-
pled with energy efficiency and circularity efforts 
constraining demand, the move away from fossil 
fuels requires a dual shift: a move towards material 
use and away from energy applications, alongside a 
robust electrification agenda. Given the limited sup-
ply of sustainable biomass, the more electrification 
expands, the more biomass resources are available for 
supporting the transition of challenging sectors such 
as organic chemicals.

Paludiculture

Agricult. wood (SRC*)Agricult. crops Material use Energy use

Agricult. residues

Forest wood

Div. wastes and residues 
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Biomass supply and demand for energy and materials in 2020 and 2050 → Fig. 4 
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stat (2025, 2024, n.d.), Flach et al. (2024), Korosuo et al. (2024), Material Economics (2021), Malins (2023), Spekreijse et al. (2019), Wouters et al. (2020). 
* Short rotation coppices such as fast growing trees, grasses etc.
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3.2	 Gearing sectoral transitions

A strategic use of limited biomass potentials

The constraints on biomass supply require a detailed 
assessment of sectoral needs against alternative solu
tions, enabling the steering of feedstocks where they 
deliver the most value for the transition. Agora, in 
partnership with ifeu and Syke, assessed a number of 
biomass flows with higher granularity and the sound-
ness of allocations based on feedstock types and tech-
nological routes to inform the biomass scenario and 
develop a methodology for sectoral biomass allocation.

This analysis highlights strong interlinkages across 
sectors and demonstrates that biomass needs to be 
addressed holistically to enable the most benefi-
cial sourcing and use. Several feedstocks, each with 
limited supply potential, can serve several end-uses 
via the same or a different technological route. ifeu 
assessed both the advantages and disadvantages of 
the main feedstock types, technological routes and 
end-use in terms of resource efficiency, GHG emis-
sions, environmental impacts and alternative poten-
tials. The results were transposed into a scoring sys-
tem. In a second step, ifeu considered the supply and 
demand from the two main Agora scenarios, added 
granularity to selected biomass flows and fine-tuned 
the cross-sectoral allocation of biomass based on the 
scoring system. The results indicate that some feed-
stocks and technological routes are more favourable 
while others are best avoided. Given the overall scar-
city of sustainable biomass, the volumes of sustain-
ably sourced wastes and residues, although limited, 
represent an important complement to biomass from 
forests and agriculture. Overall, the findings under-
score the importance of a minimum allocation steering 
across sectors to ensure a strategic use of Europe’s 
biomass potential.

The analysis also confirms that biomass delivers 
higher value in material use than energy applications, 
both today and in the long term. However, for some 
applications, the assessment may evolve over time 
due to expected technological improvements (e.g. 
lignocellulose conversion), GHG emissions reduction 

from alternative solutions (e.g. green steel) and/or 
the viability of alternative solutions at scale (e.g. the 
electrification of road transport). Wastes and residues 
may be used for energy, although some streams can 
also supply material applications such as chemicals. In 
addition, the volumes available per feedstock type vary 
greatly and play an important role in the potential end-
uses. The analysis however does not dive into regional 
specificities nor cost calculations: rather, it provides 
general guidance and would require further analysis 
and finetuning for each local and regional context. 

The following sections give a summary of 1) the 
results of the scoring system for the main uses of bio-
mass today and 2) the results of the scoring system 
combined with refined allocation for the 2050 main 
biomass usage, together with insights on cross-sec-
toral linkages. Tables were developed to encapsulate 
those results, with colours from green (favourable) 
to red (unfavourable) to illustrate the scoring, giving 
way to easy-to-read ladders for biomass use today 
and in 2050. The ladders also allow to easily compare 
current and future usage of biomass based on the 
assessed criteria. The ladders are introduced in sec-
tion 3.3 and can be used as guidance for enhancing 
biomass use today and in the future.

Overview of current biomass flows:  
assessment of usage

As can be seen in Figure 3 above and Table 1 (sec-
tion 3.3), forest wood is, and will remain, the princi-
ple source of biomass (1,650 TWh). All main material 
uses (both timber and fibre-based products) are 
assessed favourably while energy uses are deemed 
to be rather unfavourable. 

Diverse wastes and residues currently represent the 
second-largest biomass source (with 344 TWh) after 
forest wood. Post-consumer goods from forest wood, 
used paper and used wood make up the largest part 
(63%). Used paper and cardboard30 (145 TWh) repre-

30	 The recycling rate for all paper products (including graphic paper, 
packaging and tissue) consumed in the EU reached 75.1% in 2024.  
EPRC (2024), p. 2.
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sents 43% of the feedstock supply for pulp and paper 
production. Used wood (73 TWh) however is pri-
marily used for electricity generation, a use assessed 
as rather unfavourable. Excluding used paper and 
wood, the remaining waste totals 126 TWh. Biowaste 
and sewage sludge volumes are expected to grow as 
recovery rates improve. However, overall potential 
should remain limited if sustainable sourcing and 
waste reduction are ensured. Today, UCO and animal 
fat are used for transport, which is assessed favoura-
bly. Biowaste, sewage sludge etc. are used for heat and 
electricity generation, with heat generation assessed 
rather favourably compared with rather unfavoura-
bly for electricity (see Table 3 section 3.3). 

Agricultural feedstocks are primarily crops (231 TWh) 
used mainly for energy (83%). Green plants are used 
for heat and electricity applications, while oil and 
starch/sugar crops are used in transport. These 
uses are assessed as unfavourable, both today and 
in future. The remaining feedstocks are used for 
materials, mainly oleochemicals (oil crops, 15%) and 
technical starch (2%), and assessed as rather favour-
able, with the exception of palm oil, which is assessed 
as rather unfavourable (see Table 5 section 3.3). 

Agricultural residues account for 55 TWh of feed-
stocks today, mainly from manure and some straw. 
Manure is chiefly used for heat production, followed 
by electricity and some biofuels. Straw is mostly used 
in chemical applications. These uses are generally 
assessed favourably, with the exception of biofuels 
(see Table 7 section 3.3). 

Overview of 2050 biomass flows: sectoral link-
ages and allocation assessment

In the Agora scenario, forest wood supply, despite a 
slightly reduced harvest rate, satisfies an increased 
demand (129%) for material uses (timber products, 
particle boards, pulp and paper) as the biomass 
demand from space heat declines (See figure 5 San-
key 2050). In 2050, the remaining biomass demand 
for heat reflects the expectation that some Eastern 
European countries will need more time to trans-
form their buildings sector and electrify space heat. 

As space heat becomes further electrified beyond 
2050, more forest wood will be available for other 
usage. Increasing the share of construction and 
furniture products implies adjustments in the man-
ufacturing value chain, given that the constraints on 
forest wood affect both volumes and species. Corre-
spondingly, increased waste streams provide addi-
tional feedstocks for pulp and paper, particle boards 
and heat production. Importantly, less forest wood 
is available for heat. In industry, biomass demand 
for process heat increases overall (130%). Low and 
medium temperature heat is electrified but biomass 
can play a temporary role, replacing fossil fuels 
where high-temperature heat electrification takes 
longer (mostly based on industry wood and waste, 
and used wood). In 2050, the use of forest wood for 
material applications is assessed as favourable, while 
energy uses are assessed as rather unfavourable as 
of today (see Table 2).

In terms of diverse wastes and residues, used paper 
volumes increase along with demand and an im - 
proved recycling rate (123%) by 2050. The recovery 
of biowaste and sewage sludge further improves 
(133%), used for both heat and electricity production, 
along with used wood. Regarding process heat, only 
high temperature is considered. These energy uses 
are assessed as rather favourable, while the use of 
UCO and animal fat for conventional aviation fuel 
is assessed as favourable. In the Agora scenario, 
their volumes are capped at around today’s level on 
sustainability grounds. A small amount is directed to 
oleochemicals for specific applications, also assessed 
favourably (see Table 4). 

Regarding agricultural biomass, the Agora bio-
mass scenario gives preference to the production 
of feedstocks from cultivation practices and crops 
that support environment protection and healthy 
ecosystems. This implies a move away from annual 
crops (starch and sugar) towards multi-annual 
crops with the development of fast-growing trees31 

31	 “Fast-growing trees” refer to the whole range of formations in 
which these trees can be grown, including agroforestry systems, 
diversified woody structures and plantations. P. 51, Agora Agri-
culture (2024).
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→ Fig. 5Biomass flows for energy and materials in 2050, EU-27

Ifeu (2026) based on Agora Energiewende (2023), Agora Agriculture (2024), Avitabile et al. (2023), Material Economics (2021), Spekreijse et al. (2019). Note: The biomass is domestically grown except for annual crops of ca. 22TWh, which are included. The EU's wood import/export is estimated balanced. Forest residues (diameter 
<7 cm) are assumed left in forests on nutrient and biodiversity grounds. UCO = Used Cooking Oils; SAF = Sustainable Aviation Fuels
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crops
645
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residues
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wastes & 
residues 
feedstocks
392 Used wood

73

Used paper
178
Biowaste, sewage 
sludge etc.
89

UCO, animal fat
52

Sawn 
wood
354

Sawdust
220

Particle 
boards
252

Industry 
wood to 
paper mill
424

Textiles
28

Space & 
district heat
366

Process 
heat
414

Food and feed-crops
27

Manure
70

Straw, catch crops & 
landscape material
194

Short rotation 
coppice (SRC)
618

Timber products 
(construction & furniture 
354

Pulp & 
paper
432

Electricity
101

Oleochemicals
34

Basic chemicals (lignocell.)
179

Conventional biofuel
68

BioSAF (lignocell.)
176

Fibres
712

Chemicals
428

Heat
780

Transport
289

Material uses
1,494

Energy uses
1,170

Polymers (lignocell.)
215

BioSAF (UCO)
45
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and grasses (e.g. miscanthus). Benefits include 
improved biodiversity and water quality, protec-
tion against soil erosion and carbon sequestra-
tion. Supply from these lignocellulosic feedstocks 
reaches 618 TWh by 2050. They can be used for 
material applications (chemicals, fibre-based prod-
ucts) and energy applications where electrification 
is not a short- to mid-term option, such as sus-
tainable aviation fuel (SAF) or heat (space heat or 
high temperature process heat). Material end-uses 
are assessed more favourably than energy uses, but 
none are assessed as unfavourable (see Table 6). 

As of today, agricultural residues have further poten-
tial, and can attain 264 TWh by 2050, almost a five-
fold increase (480%). Agora approximates the eco-
nomic potential32 of manure and straw at 70 TWh and 
57 TWh respectively by 2050. In addition, landscape 
materials33 are an important source with 73 TWh. 
The potential from catch crops will remain limited 
on sustainability grounds, at 64 TWh. Manure and 
landscape materials are used for energy applications 
(heat, electricity and also SAF for the latter), straw 
and catch crops for material applications (chemicals). 
These use cases are assessed as being favourable or 
rather favourable. (see Table 8).

The Agora biomass scenario is thus characterised 
by a three-fold increase in sustainable, domestic 
biomass supply from agriculture. This is due to 
the cultivation of fast-growing trees and grasses 
(618 TWh) and the use of other lignocellulosic 
feedstocks from residues such as straw, landscape 
materials and catch crops (264 TWh). Moreover, 
the shift away from fossil fuel use, coupled with the 
electrification ramp-up limit the need for biogas/
biomethane production, which remains broadly 
stable over the period (below 200 TWh to under 
180 TWh by 2050, or around 20bcm). As a result, 
the biomass potential from landscape materials, 
catch crops and straw (around 150-170 TWh) can 

32	 As opposed to technical potential.
33	 Landscape materials come from the management of landscape 

elements which are embedded on arable land (hedgerows etc.) 
and which are not suitable for animal feed. For simplification, 
landscape materials from both municipalities and agriculture are 
accounted for under Agricultural residues.

be used for organic chemicals and sustainable avi-
ation fuel via the fermentation and/or gasification 
routes instead.

However, the use of biomass for sustainable avi-
ation fuel should remain capped and transitional 
until the aviation sector develops alternative scal-
able  climate-neutral solutions. In this case, feed-
stocks can then be reallocated to organic chemicals 
production. In the Agora biomass scenario, the 
share of bio-based chemicals reaches 20% by 2050, 
up from 3% today. The sensitivity analysis car-
ried out by ifeu underscores that a shift towards 
lignocelluloses, particularly from residues (catch-
crops, straw) but also from agroforestry, delivers 
more benefits in terms of land use and environ-
ment protection than a business-as-usual scenario 
relying mostly on oily and sugar/starch crops. 
Moreover, resource efficiency also improves when 
all sub-sectors of the organic chemical industry 
increase their uptake of bio-based feedstocks at 
differentiated rates, rather than concentrating 
primarily on bio-based plastics production.

Overall, the findings from ifeu’s work and the 
Agora biomass scenario outcomes emphasise the 
importance of a comprehensive overview of bio-
mass across both the supply and demand sides. They 
emphasise strong interlinkages between sectors and 
the importance of accounting for volume constraints. 
The analysis also demonstrates the need to go further 
than the cascading principle of biomass, which is 
enshrined in the Renewable Energy Directive. This 
principle must remain a pillar for biomass use as 
it fosters material use and reuse over energy use. 
The new Bioeconomy Strategy also introduces the 
concepts of circularity and efficiency and clearly 
differentiates between primary and secondary 
biomass streams. However, the constraints on sus-
tainable biomass supplies implies going further with 
a strategic allocation of biomass use, based on a mul-
ti-criteria assessment, as elaborated by ifeu, together 
with considerations of sectoral linkages and volumes 
constraints. To this end, ifeu, in collaboration with 
Agora, has developed simplified ladders for biomass 
use as guidance for stakeholders and decision-mak-
ers going forward.



﻿23

Agora Energiewende – Harnessing biomass for a resilient Europe

3.3	 A guide for biomass allocation

The Biomass Allocation Guide reflects an attempt to 
balance various EU social, economic, technological, 
environmental and  climate objectives over time. It 
provides a framework for allocating biomass across 
main product categories and sectors based on the 
following principles:

→	Favouring the wood cascading principle and give 
precedence to material use over combustion

→	Considering the use of biomass resources in terms 
of material and energy efficiency, GHG emissions, 
temporary carbon sinks and environmental 
impacts (e.g. biodiversity, water and air quality)

→	Considering technological alternatives, at product 
as well as sectoral levels, such as the electrification 
of applications or processes

→	Ensuring optimised land use while contributing 
to core EU policy goals and international commit-
ments (e.g. Sustainable Development Goals, Paris 
Agreement)

The main allocation results are presented in the 
form of ladders for the main biomass applications, 
covering both current use and projections to 2050, 
based on the Agora biomass scenario. However, 
given the level of uncertainty surrounding feed-
stock volumes (e.g. the evolution of the forest car-
bon sink) and the relative interchangeability of a 
number of feedstocks (e.g. lignin from forest wood 

or fast-growing trees), feedstock volumes are to 
be taken as indicative. The ladders are organised 
either by:

→	Main feedstock categories: forest wood, agricul-
tural crops, agricultural residues, diverse wastes 
and residues; or

→	Main energy and material uses: heat, electricity, 
mobility; construction and furniture, fibre prod-
ucts (pulp and paper, particle boards, textile) and 
chemicals

The ladders summarise a complex and evolving 
picture of biomass use. They offer guidance as to 
how to reflect and act on the allocation of biomass 
over time by providing an assessment of whether the 
feedstock type, technological route and end-use is 
either favourable or unfavourable based on ifeu’s set 
of criteria.34 Combined with an indication of future 
biomass volumes, the ladders provide clear bounda-
ries vis-à-vis the availability of sustainable biomass 
over time. They also reveal the arbitrages necessary 
between energy and material use on the one hand 
(e.g. moving away from heat and electricity gener-
ation in favour of material production) and between 
value chains on the other (e.g. moving away from bio-
fuels in road transport towards a limited and transi-
tional use in aviation). 

34	 Ifeu (2026), sections 3 and 4.
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Ladders per main feedstock c ategories

 1

Agora Energiewende – Title of the publication (without subtitle)

Forest wood – current uses  → Table 1

Feedstock Supply Share Used 
 volumes Share Material / 

Energy Used for Ranking

Timber / 
logs 452 TWh 27% 253 TWh 15% Material  → Construction (timber)

 → Furniture (solid wood)

Industry 
wood 1,198 TWh 73%

425 TWh 26% Material
 → Pulp & paper
 → Particle boards
 → Textile (wood fibre)

183 TWh
(black liquor 
from paper 
production)

11% Energy

 → Process heat (>500˚C)
 → Aviation, shipping (adv. bio-
fuel, methanol / gasification)

 → Road transport (adv. biofuel – 
methanol – gasification)

789 TWh 47% Energy

 → Space heat
 → District heat
 → Process heat
 → Electricity

Total biomass supply (2,280 TWh)

72.5% Forest wood Wastes

Agora Energiewende (2026): from Ifeu (2026), based on Agora Energiewende (2023) and Agora Agriculture (2024). Note: Used volumes for con-
struction and furniture exclude sawdust, a process waste from sawmills. Sawdust is included in used volumes for pulp &  paper and particle 
boards. Black liquor is a process waste from pulp & paper. Industry wood includes residues (≈40TWh eq.). 2020 and 2050 data based on the Agora 
biomass scenario for energy and materials.

Favourable → unfavourable

Forest wood – uses 2050  → Table 2

Feedstock Supply Share Used 
 volumes Share Material / 

Energy Used for Ranking

Timber  
logs 574 TWh 42% 354 TWh 26% Material  → Construction wood (timber)

 → Furniture (solid wood)

Industry 
wood 789 TWh 58%

473 TWh 35% Material
 → Pulp & paper
 → Particle boards
 → Textile (wood fibre)

225 TWh
(black liquor 
from paper 
production)

16% Energy  → Process heat (>500°C)

311 TWh 23% Energy  → Space heat (saw dust)
 → Process heat (>500°C)

Total biomass supply (2,664 TWh)

51% Forest wood Wastes Agricultural crops Agricultural 
residues

Agricult.  
crops

Agricult.  
residues
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 2

Agora Energiewende – Title of the publication (without subtitle)

Diverse wastes and residues – current uses  → Table 3

Feedstock Supply Share Material / 
Energy Used for Ranking

Used paper 145 TWh 42% Material  →  Pulp & paper

UCO, animal fat 59 TWh 17% Energy  → Aviation / shipping – conv. biofuels
 → Road transport – conv. biofuel

Biowaste, sewage 
sludge etc. 67 TWh 20% Energy

 → Space heat
 → District heat
 → Process heat

 → Electricity (biogas / biomethane)

Used wood 73 TWh 21% Energy
 → Process heat

 → Electricity

Total biomass supply (2,280 TWh) 

Agora Energiewende (2026): from Ifeu (2026), based on Agora Energiewende (2023) and Agora Agriculture (2024). Notes: The share of total  supply 
for the diverse wastes and residues category includes used paper, which is assumed recycled. Black liquor is considered under forest wood. UCO 
stands for used cooking oils. 2020 and 2050 data based on the Agora biomass scenario for energy and materials.

Favourable → unfavourable

Diverse wastes and residues – uses 2050 → Table 4

Feedstock Supply Share Material / 
Energy Used for Ranking

Used paper 178 TWh 45% Material  →  Pulp & paper

Animal fat 7 TWh 2% Materials  → Oleochemicals

UCO 45 TWh 11% Energy  → Aviation – conv. biofuel

Biowaste, sewage 
sludge etc. 89 TWh 23% Energy

 → Space heat
 → District heat
 → Process heat (> 500 °C)
 → Electricity (biomethane)

Used wood 73 TWh 19% Energy  → Process heat (>500˚)
 → Electricity

Total biomass supply (2,664 TWh) 

Forest wood 15% Wastes Agricultural crops Agricultural 
residues

Forest wood 15% Wastes Agricult.  
crops

Agricult.  
residues
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 3

Agora Energiewende – Title of the publication (without subtitle)

Agricultural crops – current uses  → Table 5

Feedstock Supply Share Material/ 
Energy Used for Ranking

Starch / sugar 36 TWh
2% Material  → Technical starch

14% Energy  → Road transport (conv. biofuel)

Oil crops 89 TWh
10% Material  → Oleochemicals

28% Energy  → Road transport (conv. biofuel)
 → Aviation / shipping (conv.  biofuel)

Palm oil 
(high-iLUC) 24 TWh

5% Material  → Oleochemicals

5% Energy  → Road transport (conv. biofuel)

Green plants  
(green maize) 83 TWh 36% Energy

 → Space heat
 → District heat
 → Process heat
 → Electricity (biogas / biomethane)

Total biomass supply (2,280 TWh) 

Favourable → unfavourable

Agricultural crops – uses 2050  → Table 6

Feedstock Supply Share Material / 
Energy Used for Ranking

SRC (fast-growing 
trees, grasses, palu-
diculture)

618 TWh

52% Material  → Particle boards
 → Chemicals (biomethanol via gasification)

11% Energy
 → Space heat
 → District heat
 → Electricity

33% Energy  → Aviation fuel (biomethanol via gasification)

Oil crops (low-iLUC) 27 TWh 4% Material  → Oleochemicals

Total biomass supply (2,664 TWh) 

Forest wood Wastes 24% Agricultural crops Agricultural 
residues

Agora Energiewende (2026): from Ifeu (2026), based on Agora Energiewende (2023) and Agora Agriculture (2024). Notes: iLUC stands for Induced 
Land Use Change. 2020 and 2050 data based on the Agora biomass scenario for energy and materials.

Forest wood Wastes 10% Agri. 
crops

Agricult.  
residues



﻿27

Agora Energiewende – Harnessing biomass for a resilient Europe

 4

Agora Energiewende – Title of the publication (without subtitle)

Agricultural residues – uses 2050  → Table 8

Feedstock Supply Share Material / 
Energy Used for Ranking

Straw 57 TWh 22% Materials  → Chemicals (bioethylene, hydrolysis / 
 fermentation)

Manure 70 TWh 27% Energy

 → Space heat
 → Process heat (>500°C)
 → District heat
 → Heat and electricity (CHP)

 → Electricity (biogas / biomethane)

Catch crops 64 TWh 24% Materials  → Chemicals (bioethylene, hydrolysis /  
 fermentation)

Landscape material 73 TWh 28% Energy

 → Process heat (>500°C)
 → District heat
 → Electricity (direct / biomethane)
 → Aviation fuel (biomethanol via gasification) 

Total biomass supply (2,664 TWh)

Agricultural residues – current uses  → Table 7

Feedstock Supply Share Material / 
Energy Used for Ranking

Straw 8 TWh 15% Materials  → Chemicals (bioethylene, hydrolysis /  
 fermentation)

Manure 47 TWh 85% Energy

 → Space heat
 → Process heat 
 → District heat
 → Road transport (advanced biofuel /  
biomethane)

 → Electricity – biomethane

Total biomass supply (2,280 TWh) 

Favourable → unfavourable

Forest wood Wastes Agricultural crops 10% Agricult. 
residues

2.5% Agricult. 
residues

Agora Energiewende (2026): from Ifeu (2026), based on Agora Energiewende (2023) and Agora Agriculture (2024). Note: 2020 and 2050 data 
based on the Agora biomass scenario for climate neutrality.

Forest wood Wastes Agricult. 
crops
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Ladders per main energy and material uses

 5

Agora Energiewende – Title of the publication (without subtitle)

Energy applications per sector – 2050 → Table 9

Energy use 2050 Feedstock type Demand /
feedstock

Share of total 
demand Ranking

Heat 
(space, district 
and  process heat)

Manure (biogas / methane) 45 TWh 4%

67%

Biowaste, sewage sludge etc. (biogas/methane) 58 TWh 5%

Landscape material (biogas / methane) 38 TWh 3%

Black liquor (solid biofuel) 225 TWh 19%

Used wood (solid biofuel) 38 TWh 3%

SRC (solid biofuel) 65 TWh 6%

Industry wood (inc. forest residues and  
by-products) (solid biofuel) 236 TWh 20%

Saw dust 75 TWh 6%

Electricity

Biowaste, sewage sludge etc., used wood 66 TWh 6%

8%
Manure 25 TWh 2%

Landscape material 5 TWh < 1%

SRC (solid biofuel) 5 TWh < 1%

Aviation

UCO / animal fat (conventional biofuel) 45 TWh 4%

25%Landscape material (biomethanol via gasification)  30 TWh 3%

SRC (biomethanol via gasification) 214 TWh 18%

Total biomass demand (2,664 TWh)

Agora Energiewende (2026): from Ifeu (2026), based on Agora Energiewende (2023) and Agora Agriculture (2024). Note: SRC stands for short rota-
tion coppices; this category covers fast growing trees, grasses, paludiculture. Data based on the Agora biomass scenario for energy and materials.

Favourable → unfavourable

Materials44% Energy
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 6

Agora Energiewende – Title of the publication (without subtitle)

Material applications per sector – 2050 → Table 10

Material use 2050 Feedstock type Demand /
feedstock

Share of total 
demand Ranking

Construction (timber)
Furniture (solid wood) Timber / logs 354 TWh 24% 24%

Pulp & paper,  
particle boards,
textiles

Industry wood (excl. forest residues), saw dust,  
used paper 651 TWh* 44%

48%
SRC (fast growing trees, grasses, paludiculture) 61 TWh 4%

Chemicals

Straw, landscape materials, catch crops 121 TWh 8%

28%
Animal fat 7 TWh < 1%

SRC (fast growing trees...) 273 TWh 18%

Oil crops** (low iLUC) 27 TWh 2%

Total biomass demand (2,664 TWh)

Agora Energiewende (2026): from Ifeu (2026), based on Agora Energiewende (2023) and Agora Agriculture (2024). * Includes 178TWh of used 
 paper. ** For specific uses in oleochemistry. Note: SRC stands for short rotation coppices. iLUC stands for induced land use change. Data based on 
the Agora biomass scenario for energy and materials.

Favourable → unfavourable

Energy 56% Materials
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4	 Sectoral implications

The various constraints on biomass availability have 
implications across the economy. The sections below 
describe the main implications for biomass supply 
and demand across sectors. 

4.1	 Forestry and agriculture

This section briefly outlines the implications for 
forestry and agriculture. A full-fledged analysis and 
policy recommendations are provided in the study 
from Agora Agriculture (2024): Agriculture, forestry 
and food in a  climate neutral EU. The land use sectors 
as part of a sustainable food system and bioeconomy.

Forestry

Forests cover approximately 160 million hectares in 
the EU, up from 150 million hectares in the 1990s. 
Given significant increases in forest disturbances 
over the past two decades, including windstorms, fires 
and bark beetle outbreaks, further action is needed to 
strengthen forests’ multifunctionality and their con-
tribution to  climate targets. Key measures include:

→	Adapting forests towards resilient stands on about 
one-third of the total forest area in Europe, includ-
ing greater diversity of species composition and 
adoption of closer-to-nature management

→	Temporarily delaying harvests in resilient forest 
stands (10-20 years), combined with the produc-
tion of additional woody biomass outside forests to 
avoid leakage effects

→	Increasing active afforestation on abandoned land 
with well-designed afforestation strategies

Forest ownership varies greatly across Europe. The 
bulk of European forest coverage, about 60%, is pri-
vately owned. Public and private ownership struc-
tures vary greatly across Europe: in northern Europe, 
around 70% of the forests are privately owned, 
while in southeast Europe around 90% are public. 

Forest properties range from 0.5 hectares to more 
than 10,000 hectares in size. Most private owners, 
approximately two-thirds, hold less than 3 hectares.35 
These characteristics underline the importance of 
raising awareness, facilitating cooperation and cost 
mutualisation among small forest owners to enable 
new forest management practices, in the form of e.g. 
cooperatives or other legal structures.

Enhancing forest resilience will have positive 
impacts on the entire forest value chain. Expected 
increases in salvage logging and a wider diversity of 
wood types will require adapting harvesting prac-
tices. This, in turn, implies the need for adapted 
storage capacities, transformation processes and 
workforce skills. In addition, differences in busi-
ness cycles and time horizon between forestry and 
wood-processing industries call for stronger coor-
dination. Investment in knowledge building and 
stakeholder engagement is necessary. Disseminating 
best practices, particularly in terms of maximising 
material efficiency and residue recovery along the 
value chain, along with developing new organisa-
tional and business models in the forestry, sawmills 
and wood industries can help build momentum.

Agriculture

Biomass supply is increased by diversifying the sup-
ply base to include greater volumes of woody biomass 
from agricultural land, including paludiculture and 
residues. This approach entails:

→	The development of lignocellulosic crops: agro-
forestry, with fast-growing trees and other 
short rotation coppices planted on around 8% 

35	 European Forest Institute: https://efi.int/forestquestions/q2_en 
(accessed 18/03/2026). Confederation of European Forest Own-
ers: https://www.cepf-eu.org/about-us/european-forest-own-
ers (accessed 18/03/2026). ifeu (2026), Annex 1, section 9. See 
also https://unece.org/forests/publications/forest-owner-
ship-ece-region .

https://efi.int/forestquestions/q2_en
https://www.cepf-eu.org/about-us/european-forest-owners
https://www.cepf-eu.org/about-us/european-forest-owners
https://unece.org/forests/publications/forest-ownership-ece-region
https://unece.org/forests/publications/forest-ownership-ece-region
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of agricultural land (equivalent to 4% of the com-
bined EU agriculture and forest land) in order to 
close the gap caused by a 30% increase in demand 
for woody biomass by 2050 and a 10% decrease 
in forest harvest

→	The rewetting of peatlands: of the 2% of the EU 
agricultural area that consists of drained peatlands, 
80% is rewetted, with 80% of that area dedicated 
to paludiculture biomass production (e.g. reed or 
cattail). The remaining 20% is allocated for solar 
photovoltaics and biodiversity

These supply-side developments are envisaged in 
the context of a transition towards more plant-rich 
diets, accompanied by a reduction of food waste by 
half. Together, these trends reduce the land footprint 
of EU food consumption and lower demand for feed 
production, freeing up to 50% of arable land currently 
used for feed production.

4.2	 Biogas 

Biogas production can contribute to both energy 
and environmental goals depending on the choice 
of substrates, its effect (or lack of) on land use, the 
manner in which organic fertilisers are applied and 
nitrogen managed, and whether methane leakages 
are addressed. The full exploitation of the substrates 
potential for biogas production is limited due to yield 
and land use change issues (competition with food 
and feed) but also competing feedstock usage moving 
forward. Reaping the full benefits of this technology 
involves a combination of steps from feedstock to 
end-use choices. This requires the following actions:

→	Mobilising feedstocks from waste first, such as 
biowaste (separately collected),36 sewage sludge, 
animal and mixed food waste and manure. Ensure 
wastes are first minimised before recovery, in 
particular from food and manure

36	 In 2022, only 17% of municipal solid waste was organically 
recycled through composting and anaerobic digestion in the EU. 
Further improvements in the separate collection and the biological 
management of bio-waste are required to reach the overall recy-
cling target of 65% for municipal waste by 2035. See European 
Compost Network ECN (2022).

→	Steering lignocellulosic feedstocks (landscape 
materials, catch-crops and straw), which are suit-
able for other technological routes and end-uses, 
towards hard-to-electrify sectors such as chemi-
cals moving forward

→	Ensuring the production of biogas digestates is 
coupled with good practices in organic fertiliser 
field application

→	Addressing biogas/methane leakages in biogas 
and biomethane production

→	Encouraging the recovery of excess carbon from 
biomethane production for usage as feedstock in 
industry

→	Ensuring that catch-crops cultivation impacts 
on the main/annual crop are minimised, includ-
ing by constraining their use. Moreover, con-
sider the climate-proofing of crop types over 
time and regions, as well as the environmental 
benefits they offer

→	Supporting the development of the collection, 
transport and pre-treatment of agricultural resi-
dues (for biogas and other applications)

→	Discontinuing biomethane direct injection into the 
fossil gas grid

The ability of anaerobic digestion to treat and val-
orise a wide range of substrates, some with no viable 
alternative use, should be fully exploited. At the same 
time, given the constraints on biomass availability, 
most lignocellulosic feedstocks that could be used to 
increase biogas production are better directed towards 
other applications over the medium to long term. 

4.3	 End-use sectors

Construction

The use of wood from forests in construction, together 
with wood and fibres from paludiculture, ligno-
cellulosic crops and other biomass, can contribute 
to reducing the carbon footprint of buildings and 
infrastructures. It allows for material substitution 
away from carbon-intensive products and provides 
temporary carbon sinks in long-lasting products, 
while fulfilling other circularity and environmental 
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benefits. Such sustainable biomass sourcing creates 
opportunities for new value chains linking forestry, 
agriculture and the construction sector. 

The use of sustainable biomass in the construction 
sector has significant potential to:

→	Lower the carbon footprint of buildings by reduc-
ing their embodied carbon emissions (ECE), e.g. 
through replacing fossil-based materials with 
wood and other bio-based materials that can, in 
addition, contribute to temporarily storing bio-
genic carbon in building materials

→	Meet circularity objectives by stimulating the use 
of long-lasting, resource-efficient and recyclable 
products from forest and agricultural wood and 
other bio-based materials

→	Integrate environmental co-benefits of sustaina-
ble biomass production into demand-side policy 
instruments to strengthen ecosystems resilience 
(e.g. by improving biodiversity, soil health, water 
quality and availability)

Strengthening the implementation of the cascading 
principle for wood use and expanding the recovery 
and recycling of post-consumer forest and agricul-
tural wood and other bio-based materials is essential 
to meet the growing demand for low-carbon building 
materials sustainably and develop innovations in 
the construction sector along the entire value chain. 
Given a constrained wood supply, effective recycling 
systems are needed to optimise resource recovery. 
Wood and wood-based products should be reused 
and recycled at the construction’s end-of-life, with 
energy generation through combustion restricted to 
last resort.

As sustainable biomass is a renewable yet limited 
resource, ongoing support for research and innova-
tion is needed to:

→	Improve the material efficiency of products 
derived from wood, pulp, and other bio-based 
materials

→	Develop novel uses for wood, pulp and other bio-
based materials, enhance reuse and recycling and 
also incentivise their market uptake

→	Introduce circular thinking and actions through-
out the value chain, from sustainable sourcing and 
eco-design to material production and use cover-
ing all stages of processing and service life in the 
product systems

→	Increase manufacturers’ capabilities to incorpo-
rate secondary materials back into the production 
process, reduce waste and minimise emissions

Furthermore, the use of wood in the construction 
industry needs to be closely assessed and monitored 
to ensure:

→	The  climate and environmental footprint of the 
use of wood in construction remains beneficial, 
as it may alter over time (e.g. the deterioration of 
forest carbon sinks, the evolving carbon and envi-
ronmental footprints of industries such as steel 
and cement)

→	The demand for construction wood does not exceed 
the sustainable potential of forests over the short, 
medium (2050) and long term (2100), taking into 
account imports and virtual land use demands

Finally, stakeholder dialogues across the value chain 
are needed to:

→	Identify enablers and bottlenecks, share best 
practices to accelerate the adoption of sustainable 
practices throughout the value chain and reconcile 
business cycles with differing time horizons

→	Elaborate targeted policy measures to promote 
sustainable practices from biomass sourcing to 
end of life

→	Streamline, harmonise and simplify construction 
codes and standards, including embodied carbon 
requirements for buildings

Electricity generation, industrial process  
heat and space heat

Expanding the use of wood for materials needs to go 
hand in hand with reducing its use for combustion. 
Today, wood is mainly used for heat generation, 
when most of these applications can be electri-
fied. To make the most out of its forestry resources, 
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Europe needs to progressively move away from 
biomass use for electricity and heat generation. In 
agriculture, the cultivation of green plants such as 
green maize for biogas production should also be 
phased out. To encourage these developments, the 
following actions are needed:

→	Transitioning space heat towards electrification 
and away from using biomass, planning its speed 
and scale in parallel with the decarbonisation of 
the building and power sectors

→	Transitioning process heat away from biomass 
use towards electrification, starting with low and 
medium temperature heat

→	Phasing out support for biomass use for electric-
ity and heat generation except for agricultural 
residues and process waste when locally available 
sustainably and when combustion represents last 
resort

→	Restricting electricity generation from biomass to 
back-up generation units

Transport

Maximising electrification in the transport sector 
is crucial to steering a limited volume of sustainable 
biofuels towards applications where they are most 
needed. Biofuels should play a targeted and tran-
sitional role, supporting the transition in shipping 
(minor share, short to mid-term) and aviation (larger 
share, longer term with strict limits) while being 
phased out in road transport. In parallel, the use of 
food and feed crops for biofuel production in agri-
culture should be discontinued and a transition from 
starch/sugar to lignin feedstocks set in motion. This 
requires the following actions:

→	Phasing out the use of biofuels in road transport 
while increasing electrification without delay. The 
strict application of the tailpipe principle, as part 
of revised Regulation (EU) 2019/631 for light-duty 
vehicles and Regulation (EU) 2019/1242 for new 
heavy-duty vehicles, is critical

→	Supporting hydrogen-based e-fuels for aviation 
and shipping, as well as electric ships and aircraft 
for short hauls in parallel

→	Phasing out conventional crop- and feed-based 
biofuels as soon as possible and by 2030 at the 
latest

→	Steering the remaining limited amount of waste 
oils such as used cooking oils (UCO) and animal fats 
towards aviation fuels and material applications 
(e.g. chemicals):
•	 Given the limited UCO potential in and outside 

the EU, ensure UCO are waste (combat fraud, 
improve the certification system) and phase out 
their imports

•	 UCO and animal fats need no advanced tech-
niques for biofuel production and are to be con-
sidered as ‘’conventional fuel’ under the Renew-
able Energy Directive

→	Revising the categorisation of palm oil mill efflu-
ent (POME) and oily industrial waste (or ‘brown 
grease’) in the RED on transparency and sustaina-
bility grounds. These wastes are also to be regarded 
as critical due to likely fraudulent practices. In 
addition, as for UCO, no advanced technology is 
required for biofuel production from these wastes, 
which need to be considered as ‘conventional fuel’ 
under the Renewable Energy Directive 

→	Encouraging contrails avoidance and the use of 
low-aromatic e- and bio-sustainable aviation 
fuels (SAF) on routes with the biggest contrail 
abatement potential to minimise the climate 
impacts from contrails

→	Considering the production of limited volumes of 
SAF from agricultural lignocellulosic feedstocks 
(fast-growing trees, short rotation coppices, land-
scape materials) in the context of the transition of 
agriculture towards sustainable food systems

Organic chemicals

Biomass can support the transformation of the 
chemical industry 37 towards  climate neutrality in 
combination with other measures. As demand for 
biomass-based feedstocks increases (e.g. for a 20% 
share by 2050), the sector’s development in the EU 

37	 See e.g. the study by Agora Industry, Carbon Minds and Fraun-
hofer IKTS (2025).
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and abroad could have significant implications for 
land use and the environment, including on food 
and water supplies. Feedstock choices and sustain-
ability criteria may hamper or foster the necessary 
transition in the forestry and agriculture sectors. 
A shift away from oils, sugar and starch to ligno-
cellulosic feedstocks from agriculture can provide 
multiple co-benefits, along with the development 
of sustainable food systems and resilient forestry 
in the EU. For optimising the use of both land 
and feedstock, a chemical sector wide transition, 
 implemented at differentiated speed across main 
product categories, is preferable. This requires the 
following actions:

→	Initiating a transition towards lignocellulosic 
feedstocks and away from oils, sugar and starch, 
together with the development of sustainable food 
systems in agriculture

→	Fostering the uptake of bio-based feedstocks to 
produce organic chemicals with differentiated 
targets for bio-based share per product categories. 
As plastics represent the largest share of organic 
chemical production and have a high recycling 
potential, their feedstocks can become largely bio-
based by 2050 (e.g. up to 25% coverage (assuming 
75% coverage by recyclates) vs a 2-95% range for 
other products categories, for an overall average 
share of 20%)

→	Scaling up the recycling of plastics and  synthetic 
textiles as well as lubricants, in the ranges of 
75-90% for plastics and 25% for lubricants by 
2050, and foster carbon loops, minimising the 
need for virgin feedstocks

→	Minimising plastics demand along the value chain:
•	 Reducing final demand by optimising material 

substitution, efficiency and reuse
•	 Reducing demand for virgin feedstock and inter-

mediary products with eco-design standards, 

reuse, upcycling, maximising mechanical recy-
cling and complementary chemical recycling 
as adequate per intermediary and end-product 
along the value-chain

→	Relying primarily on biomass-based waste and 
residues. For additional feedstocks beyond the 
waste and residue potentials, favour lignocellulosic 
feedstocks from catch crops (incurring no land 
use change), straw, fast-growing trees and short 
rotation coppices (SRCs). Agroforestry cultivated in 
strips on arable land presents the highest environ-
mental benefits

→	Steering the use of oil and starch/sugar crops to 
niche applications38

→	Incentivising the use of lignocellulosic feedstock, 
especially to produce polymers for plastics

→	Supporting technological innovation and biorefin-
ery-related developments

→	Accounting for the land use of imported biomass 
feedstocks, including potential indirect land use 
change (iLUC), and ensure their sustainability 
while preventing fraudulent practices across sup-
ply chains crossing borders. Foster international 
partnerships to develop verifiable sustainable 
value chains for biomass feedstocks and bio-based 
intermediate products (e.g. biomethanol)

→	Making support to the chemical industry transfor-
mation conditional on transparent, measurable and 
verifiable contributions towards climate neutrality, 
higher material efficiency and circularity, health-
ier and more environment-friendly chemical pro-
cesses and products as well as its ability to create 
sustainable carbon loops

38	 Environmental impacts differ greatly between oil vs starch/sugar 
vs lignocellulosic crops. This stems from differences in negative 
and positive externalities of the production process as well as 
the different land demand affecting the risk of indirect land use 
change (iLUC). These environmental impacts need to be accounted 
for when steering demand towards certain types of biomass.
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5	 A policy reorientation for the use of biomass  
in the EU economy

The EU’s policy on sustainable biomass sourcing and 
use needs to be better aligned with the way markets 
are currently regulated. Channelling the use of biomass 
towards high value applications in the context of sus-
tainable biomass constraints requires a rebalancing of 
the regulatory framework governing biomass use.

5.1	 A structural asymmetry

The EU’s policy and regulatory framework has 
historically created a structural asymmetry that 
incentivises the energy use of biomass over high-
er-value material applications. Today’s EU bioen-
ergy framework rests on three pillars: the renewable 
energy directive (RED), the EU emissions trading 
system (ETS) and Member State support schemes. By 
contrast, the policy framework for biomass material 
uses remains underdeveloped in comparison. The EU 
Bioeconomy Strategy 2025 sets out a clear intent to 
prioritise higher-value applications. While the cas-
cading principle introduced with the last revision of 
the renewable energy directive seeks to correct this 
distortion, its impact has been limited to date.

Binding renewable energy targets under RED III are 
the primary driver of bioenergy demand, whereby 
one kWh of bioenergy contributes equally towards the 
target as one kWh of solar or wind. This equivalence 
treats the combustion of scarce biomass as inter-
changeable with abundant renewable electricity gen-
eration, creating a structural bias towards energy uses. 
Additionally, ReFuelEU Aviation and FuelEU Maritime 
mandates further increase demand for advanced 
biomass-derived fuels in hard-to-abate transport sec-
tors, although their feedstock eligibility rules require 
improvements and volume caps should be considered. 

In contrast, material uses are only supported by 
non-binding strategies. The EU Bioeconomy Strat-
egy 2025 establishes the intent to direct biomass 
towards higher-value applications but still lacks clear 

instruments. Complementary to the Bioeconomy 
strategy are the forthcoming Circular Economy Act 
and the Packaging and Packaging Waste Regulation 
(PPWR). Article 8 of the PPWR foresees that by 2028, 
the Commission may propose targets to increase the 
use of bio-based feedstock in plastic packaging, based 
on a new set of sustainability requirements. It also 
foresees that recycled content requirements could be 
met with bio-based materials if production from suit-
able recycling technologies for food-contact packag-
ing is deemed to be insufficient. While the intention 
to foster material use of biomass is clear, there are no 
corresponding signs yet to gradually shift away from 
bioenergy. Reconsidering the EU’s historical push for 
bioenergy is essential to enable a shift towards mate-
rials use while moving away from energy use.

Strong financial incentives reinforce the current 
market bias with regards to energy use. National 
Energy and Climate Plans (NECPs) play an important 
role in this regard. Member States have historically 
provided around €20 billion per year in subsidies 
for bioenergy through instruments such as feed-in 
tariffs, premiums, contracts-for-difference, tax 
measures, and mandatory blending quotas, while 
support for material value chains remains frag-
mented, smaller in scale, and less systematic. RED 
III’s cascading principle is non-binding and easily 
bypassed by Member States for reasons such as 
energy security or local industry constraints. 

Moreover, biomass combustion benefits from a 
zero-emissions factor under the EU ETS, despite 
scientific evidence that shows biomass cannot be 
considered as carbon-neutral: it understates real 
atmospheric emissions over climatically relevant 
timescales39. The emerging Carbon Removal and 

39	 See e.g. European Academies Science Advisory Council (EASAC) letter 
on ‘Proper accounting for wood harvest and use in the GHG Protocol’ 
(2024): https://easac.eu/news/details/to-protect-the-climate-we-
need-trees-to-grow-not-to-burn?utm_source=chatgpt.com

https://easac.eu/news/details/to-protect-the-climate-we-need-trees-to-grow-not-to-burn?utm_source=chatgpt.com
https://easac.eu/news/details/to-protect-the-climate-we-need-trees-to-grow-not-to-burn?utm_source=chatgpt.com
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 Carbon Farming Certification Framework could cre-
ate credits for carbon storage in long-lived products, 
with methodology for buildings planned for 2026. 
However, its effectiveness will depend on robust 
carbon accounting rules that do not treat biomass 
combustion as inherently carbon neutral.

Sustainability standards are well-established for 
 bioenergy but cannot be consistently applied to 
material uses. RED III’s sustainability and GHG 
criteria, including minimum savings thresholds of 
70% and 80% for new installations, are designed for 
energy conversion efficiency and cannot be directly 
applied to materials, which have varied lifespans, 
carbon cycles and circularity potential. The EU Tax-
onomy fails to deliver on the cascading principle as it 
focuses on how forests are managed, without prior-
itising higher value uses. It recognises bioenergy as 
sustainable while excluding certain bio-based mate-
rials such as furniture and other long-lived products.

Market distortions also arise from waste feedstock 
loopholes that subsidise bioenergy at the expense of 
higher-value applications. The Waste Framework 
Directive enshrines the waste hierarchy but lacks 
effective implementation mechanisms for biomass-
specific material recovery. Its interactions with RED 
III’s advanced biofuel quota system have created 
troublesome incentives, with palm oil mill effluent and 
brown grease emerging as dominant compliance feed-
stocks in volumes exceeding plausible global supply. 
This excess in supply artificially inflates the apparent 
availability of “sustainable” biomass for bioenergy 
compliance, distorts scarcity signals, and as docu-
mented by ifeu, crowds out investment in advanced 
lignocellulosic technologies that could serve high-
value material applications with sustainable feedstock.

The European Commission’s 2026 work programme 
aims to keep Europe on track to achieve its  climate 
goals and put forward an enabling framework to 
secure Europe’s competitiveness and sustainabil-
ity. This includes setting-up a renewable energy 
framework for the coming decade and updating the 
governance of the Energy Union and Climate Action. 
These two initiatives represent key opportunities to 
reorient the sourcing and use of biomass in  Europe. 

5.2	 Designing a policy framework in 
support of high-value biomass uses 

To effectively steer Europe’s biomass use towards 
high-value applications while ensuring sustainabil-
ity and strategic alignment with  climate and com-
petitiveness goals, policy frameworks must address 
several key elements. 

Adjusting demand signals towards  
high value uses

The design of the post 2030  climate and energy frame
work offers an opportunity to redirect demand sig-
nals for biomass towards high value uses. A potential 
way forward would be to cap and/or exclude (certain 
types of) biomass contributions in post-2030 targets. 
This would apply in particular to sectors where 
alternatives to biomass already exist, i.e. heat (space 
heat and low and medium temperature process heat), 
road transport and power. Conversely, incentives that 
would increase biomass use in the energy and road 
transport sector, such as standardising E20 (20% eth-
anol) in the EU, would run counter to a strategic and 
sustainable use of biomass.

Stronger demand signals are also needed on the 
material use side. The implementation of the 
Bioeconomy Strategy provides an opportunity to 
introduce such signals through a range of regu-
latory instruments. The Commission has several 
planned actions over the 2026–2028 period, with 
the Bioeconomy Investment Deployment Group 
convened from April 2026. The Commission is 
expected to consider minimum requirements or 
performance-based criteria that favour bio-based 
materials across several pieces of regulation includ-
ing the Public Procurement Directive (PPD), the 
Construction Product Regulation (CPR), the Ecode-
sign for Sustainable Products Regulation (ESPR) 
and the Packaging and Packaging Waste Regulation 
(PPWR). For chemical production, it will be impor-
tant that bio-based content targets do not offset 
support for recycled content, which would harm the 
EU’s circularity ambitions and lead to suboptimal 
use of biomass. Setting the right course for high 
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plastics recycling rates to minimise the need for 
virgin feedstocks over time is also crucial, coupled 
with the introduction of bio-based feedstocks. In 
addition, it is necessary to continue to incentivise 
more sustainable alternative materials to plastics 
(substitution) whenever relevant and possible.

With the Industrial Accelerator Act currently nego-
tiated in the European Parliament and Council, the 
Commission is also expected to develop additional 
demand-side measures for products made from 
substances and mixtures derived from sustaina-
ble carbon sources (of EU origin). As the Industrial 
Accelerator Act has a direct regulatory effect on the 
EU’s internal market, it could send strong investment 
signals towards for bio-based chemicals. All-in-all, 
establishing a harmonised EU-wide system to verify 
biomass content will be key to ensure environmental 
integrity and consumer trust. 

A broader and direct policy, similar to the RED with 
binding targets for bio-based material use, could cre-
ate an equivalent demand signal for materials. None-
theless, these carry a higher risk of adverse envi-
ronmental effects if not carefully designed. Without 
parallel measures to curb demand on the energy side, 
they could increase overall biomass consumption, 
leading to higher harvesting rates, reducing forests‘ 
mitigation potential, higher leakage risks and other 
environmental consequences in Europe and abroad 
going counter to the EU‘s policy objectives. As a 
result of the limits of sustainable biomass supply, 
any demand-pull instruments, particularly binding 
targets, should be explicitly linked to a progressive 
reduction in biomass use for energy and to a ramping 
up of wind and solar energy capacity.

Redirecting financial incentives towards 
high-value uses

The review of the Regulation on the Governance of 
the Energy Union and Climate Action represents 
an opportunity to embed the shift from bioenergy 
towards material use. The review should improve 
coherence in terms of strategic planning and invest-
ment decisions, while bolstering the Commission’s 

enforcement powers. In this regard, the move away 
from fossil fuel subsidies already stipulated in the 
current regulation must be reinforced. The post-
2030  climate and energy framework, as well as 
the corresponding national strategies, should plan 
for a progressive phase-out of support for bioen-
ergy in sectors such as power, low- and medium-
temperature heat and road transport, in line with the 
cascading use principle. The Agora biomass scenario 
demonstrates that an early reduction in bioenergy is 
not only feasible but also necessary to enhance long-
term resilience. For instance, biomethane for gas grid 
injection and liquid biofuels for road transport are 
dependent on the maintenance of the gas and fuel 
supply infrastructure which is expected to decline 
as the EU makes considerable efforts to reduce its 
dependence on fossil fuels. Ensuring coherence 
across support schemes is therefore essential. 

To support Member States navigate this reorienta-
tion of biomass use, the Commission should develop 
further guidance to complement the cascading, 
efficiency and circularity principles introduced in 
the RED and the Bioeconomy Strategy. The Agora 
biomass allocation guide could serve as a useful 
reference for identifying which forms of biomass 
and their uses are most favourable over time. Con-
sequently, national energy and  climate plans could 
consider shifting support schemes towards material, 
using instruments such as grants or tax incentives 
for bio-based construction material manufacturing 
or support for bio-based chemical production from 
lignocellulosic feedstocks. To be successful, public 
support needs to be complemented by strong lead 
market policies to ensure uptake.

Reforming the carbon value of long-lived bio-based 
products and bioenergy would further tip the scale 
in favour of material uses. Moving away from or 
reforming the zero-rating for biomass combustion 
would remove a significant financial incentive cur-
rently tilting investment towards bioenergy. Emis-
sions from burning biomass were reported to total 
234 million tonnes of carbon in the ETS in 201940. 

40	 Drack (2022), p. 3.
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With EU Carbon Permits price fluctuating between 
60 to 90 euros in recent years41, this represents a sig-
nificant loss of potential revenues for Member States. 
However, a differentiated treatment may neverthe-
less be warranted for hard-to-electrify applications 
such as high-temperature industrial process heat or 
potentially SAF, and dispatchable back-up electricity 
generation. 

With the implementation of the Carbon Removals 
and Farming Regulation (CRCF), temporary carbon 
storage credits have the potential to create value for 
material uses, particularly in the construction sector. 
This could occur once the buildings methodology for 
carbon storage in products is adopted in 2026. Yet, the 
methodologies developed so far require fundamental 
improvements to avoid undermining EU  climate 
action.42 The framework also raises unresolved issues 
related to double-counting risks. Currently, there 
is no established link between the CRCF and other 
EU  climate instruments, such as the Effort  Sharing 
Regulation. Allowing removal units under such 
frameworks could lead to double counting of remov-
als already reflected in GHG inventories as the CRCF 
operates at project level, while LULUCF accounts for 
the national level.43 

Creating common sustainability standards  
to enable regulatory comparison

The revision of the EU Taxonomy offers an oppor-
tunity to embed the cascading principle into sus-
tainability criteria. Potential improvements could 
include: (i) an additional criterion for Forest man-
agement activities requiring the use of harvested 
products for material applications; (ii) an additional 
criterion requiring that bioenergy activities only 
source feedstocks not suitable for material appli-
cations, according to the cascading use principle; 
and (iii) to extend Taxonomy coverage to all relevant 
material applications (e.g. furniture and other long-
lived products). Within the March 2026 Delegated 

41	 https://tradingeconomics.com/commodity/carbon .
42	 Öko-Institut (2025).
43	 Fallasch (2024).

Act amendments, forest wood-based energy still 
qualifies as a sustainable investment, following 
current RED sustainability criteria.

Moreover, extending and harmonising sustainability 
standards could create a common basis for energy 
and material uses. The four criteria developed for the 
scoring system (raw material efficiency,  climate pro-
tection, health and environment and socio-economic 
sustainability) for biomass allocation developed by 
ifeu could be further developed into such a standard. 
ifeu suggests replacing the current quota and GHG 
threshold approach with “a single metric reflecting 
both ecological benefits and economic added value” 
that “would better fulfil Article 3(3) [of RED III] and 
apply consistently across all biomass uses”. 

Developing a suitable metric is highly complex, as 
the scope of biomass use is extremely broad and the 
definition used for criteria allows for interpretation. 
Nevertheless, the allocation ladder approach demon-
strates that a workable assessment is feasible when 
combined with a comprehensive, cross-sectoral 
sustainable biomass scenario.

Closing feedstock loopholes to minimise waste

Three targeted corrections to feedstock eligibility 
criteria could be envisaged to redirect compliance 
incentives away from low-value waste-based bio-
energy and restore the scarcity signal needed to drive 
reprioritisation in the RED.

Firstly, caps on waste and residue feedstocks should 
be based on economically feasible assessments of 
sustainable biomass potentials rather than technical 
potentials. The Agora biomass scenario’s estimate of 
waste potential integrates feasibility and sustain-
ability dimensions. These estimates consider other 
usages, including food and feed production,  climate 
protection and ecosystems health. They differ, some-
times to a large extent, to technical potentials that are 
used in some scenarios, such as the Commission’s. It 
is crucial that potentials assessment reflect economic 
viability and EU’s policy goals over time. In addition, 
incentives for using waste should not counteract 

https://tradingeconomics.com/commodity/carbon
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with the initial aim to minimise the production of 
waste (e.g. manure or food waste). Minimising waste 
streams and economically feasible potentials should 
form the basis for policy design.

Second, certain feedstock sources currently eligible 
under the RED raise important questions. For exam-
ple, POME-based biofuel volumes have been shown 
to exceed total global POME production, indicat-
ing systemic fraud risk. Other types of feedstocks 
including brown grease and similar oily industrial 
wastes are currently qualifying as advanced solu-
tions, while they are in fact processed using con-
ventional methods, substantively equivalent to used 
cooking oil (UCO) in composition and processing 
pathway. Given non-transparent process chain and 
the actual level of advancement of these solutions, 
the EU should reconsider their contribution to future 
renewable energy targets, allowing for a meaningful 
and innovative utilisation in the EU.44

These reforms should be accompanied by enhanced 
monitoring and enforcement capacity. The fraud 
risk associated with POME and brown grease stems 
partly from weak verification of supply chain data. 
Removing or reclassifying feedstocks does not in 
itself prevent misreporting, relabelling or leakage into 
other ca tegories.

Setting guardrails to avoid fossil fuel lock-ins

While a redesign of the regulatory framework is 
important to redirect biomass towards high value 
uses, appropriate guardrails should be put in place to 
avoid creating new imbalances or undermining pro-
gress on renewable energy and  climate targets.

First, the residual role of biomass in the energy 
system must be preserved. In the Agora scenario, 
biomass continues to play a targeted role through 
to 2050, including for high-temperature industrial 
process heat; for electricity generation, as a dispatch-
able balancing resource; and, within strict limits, for 

44	 T&E (2025), ifeu (2026).

aviation and shipping fuels, where electrification 
alternatives remain limited. Any phase-down of bio-
energy support should therefore be sector-specific 
and sequenced, preserving these residual functions 
while phasing out lower-priority uses such as road 
transport biofuels, non-dispatchable electricity gen-
eration and a large share of space heat.

Second, the move away from bioenergy should be 
carefully sequenced to avoid capacity gaps before 
sufficient wind, solar and storage can fill them. Suffi-
cient alternative renewable energy capacity must be 
planned to prevent gaps in renewable energy supply 
or lead Member States to increase fossil fuel reliance, 
locking in fossil-based energy. Phase-down time-
lines should therefore be coordinated with Member 
States’ renewable capacity build-out trajectories. 

Fostering sustainable domestic biomass supply

European forests will remain the primary source 
of biomass. To optimise their contribution to 
societal goals, biomass supply must be balanced 
with strengthening carbon sequestration and other 
forest ecosystem services. This requires long-term 
support and tailored incentives for forest manag-
ers to: (1) adapt forests to  climate change, improve 
resilience and maintain productivity and (2) adjust 
management practices to increase carbon seques-
tration. Agora Agriculture (2024) calculated that EU 
forests can provide additional carbon sequestration 
of 30 MtCO₂e annually if the forest harvesting rate 
is reduced by 10%. 

Targeted reductions or delays in forest harvesting in 
stable stands can play an important role. Eligible for-
ests designated for a harvest delay should be selected 
based on resilience and long-term carbon poten-
tial. Measures to postpone harvesting could include 
voluntary, temporary and rotating harvest reduction 
(e.g. over one or two 10-year periods). Incentives 
should reflect the permanence potentials of stands 
and take into account potential impacts on local 
forest-based industries, avoiding disproportionate 
effects in specific supply areas. Furthermore, affores-
tation represents an additional lever. Establishing 
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around five million hectares of new forest by 2050, 
consistent with trends observed between 2010 and 
2020, largely driven by agricultural land abandon-
ment, could provide an additional 20 MtCO₂eq in 
annual sequestration. Active, well-designed affores-
tation strategies can also improve long-term resil-
ience and adaptability to future climatic conditions.

Agriculture can provide lignocellulosic biomass 
from e.g. fast-growing trees, grasses or paludiculture, 
while delivering significant environmental bene-
fits and creating new income streams for farmers. 
Agroforestry systems, in particular, enhance carbon 
sequestration and provide additional ecosystems 
services. These can be rewarded via support from the 
Common Agricultural Policy (CAP) and the creation 
of markets for carbon credits under the CRCF. An 
alternative source of funding could be potentially 
mobilised from an emission trading scheme (such 
as the EU ETS) for agriculture. It is crucial that any 
scheme rewarding land-based negative emissions 
does not undermine overall emission reduction goals 
by  enabling emissions offsetting through non-
permanent land-based removals.

Agroforestry systems are already eligible for sup-
port under the CAP. However, their uptake remains 
limited due to high upfront costs and complexity of 
implementation. The CAP should therefore ensure 
that productive wood-based structures are eligible 
for funding under agri-environmental measures, 
provided they fulfil defined criteria. These criteria 
need to be further developed and recognise diversi-
fied, productive, wood-based structures that serve 
as semi-natural landscape features. Moreover, the 
reliability of carbon removal activities will depend 
on robust methodology and strong monitoring, 
reporting and verification (MRV) systems under 
the CRCF. The framework should integrate biodi-
versity and other co-benefits (e.g. water quality, 
protection against soil erosion) into its standards. 
Lastly, scaling up of agroforestry practices requires 
support measures to incentivise upstream sectors 
and related services, such as accelerated breeding 
programmes, machinery promotion, increased 
access to advisory services and knowledge 
building. 

Rewetting drained organic soils can substantially 
reduce greenhouse gas emissions; where contin-
ued productive land use is intended, paludiculture 
can provide biomass under wet, peat-preserving 
water levels. Rewetting peatlands is therefore a key 
measure to improve the sustainability of land use 
systems. While drained agricultural peatlands are 
eligible for area-based income support under the 
CAP today, the policy also represents a source of 
funding for the rewetting of agricultural peatlands 
in several Member States. The CAP could provide an 
important framework for supporting this transition. 
However, this potential is currently used only to 
a limited extent and depends strongly on national 
implementation. At present, dedicated national or 
regional instruments are more likely to provide 
the main lever for financing large-scale rewetting, 
while the CAP can play a complementary role, par-
ticularly through income and investment support as 
well as compensation of opportunity costs. From a 
 climate perspective, it is crucial to prioritise peat-
land rewetting and to design funding instruments 
in a manner that supports both the transition and 
the long-term, economically viable management of 
wet peatlands. In the context of a potential restruc-
turing of CAP funding schemes, clear earmarking 
and  prioritisation of peatland rewetting are key to 
ensuring that CAP funding effectively strengthens 
the role of agriculture in  climate mitigation.

Moreover, the CRCF’s temporary carbon storage 
credits could play a role in incentivise rewetting 
schemes, provided that challenges related to mon-
itoring and high-upfront costs are overcome. As 
with other CRCF applications, such incentives 
should not undermine direct emission reductions 
in other sectors.

To foster sustainable domestic biomass supply 
from forests and other land uses while incentiv-
ising cost- efficient solutions for  climate mitiga-
tion,  separate targets for the land-based sinks are 
needed. Distinguishing targets for natural sinks 
reduces the risk of reversal of land-based negative 
emissions and helps ensure that natural dynamics 
in forests do not obscure emission reduction path-
ways of other sectors.
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6	 Conclusion: a roadmap for biomass use in energy  
and materials

Biomass, which was once viewed an abundant 
and unlimited renewable resource, is increasingly 
becoming a critical material. Redirecting biomass 
from energy to materials uses necessitates a compre-
hensive, cross-sectoral view of biomass supply and 
demand over time covering all uses: food, feed, energy 
and materials. It also requires weighing up alterna-
tives to bioenergy over time as electrification gains 
momentum and expands across sectors of the econ-
omy. At the same time, it calls for better alignment 
of business cycles and planning horizons, including 
long-term perspectives extending beyond 2050 in 
sectors such as forestry. As such, addressing biomass 
use for energy and materials moving forward calls for 
a renewed governance framework for biomass.

Providing Europe with the means to use biomass 
strategically is essential to support competitiveness, 
innovation, resilience and the transition to  climate 
neutrality. Ongoing discussions on the post-2030 
renewable energy framework and the revision of the 

Energy Union and Climate Action governance rules 
represent key opportunities to initiate a reorien-
tation of biomass towards material use. This shift 
must be concomitant with a strong electrification 
agenda in transport and heating, the phase-out of 
fossil fuel subsidies, a transition towards sustain-
able food systems in agriculture and the adaptation 
of forestry practices towards resilience and clos-
er-to-nature management practices. Promoting the 
use of sustainable biomass towards materials needs 
to go hand in hand with a shift away from bioenergy 
and from unsustainable biomass sourcing. Deliver-
ing on this transition will require not only improved 
data sets and new modelling tools, but also stronger 
collaboration and coordination across governance 
levels, socio-economic sectors and scientific fields. 
Consequently, developing a roadmap for sustainable 
biomass is needed at European level to establish a 
robust vision to 2050 and support the development 
of innovative value chains aligned with Europe’s 
 climate, environmental, and industrial goals.
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Annex I: Biomass for energy and materials over time

Below are graphs to illustrate the biomass supply 
and demand from 2020 to 2050 in the Agora 

biomass scenario for energy and materials in 
the EU.
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Biomass supply for energy and materials from 2020 to 2050, EU-27 → Fig. 6
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Ifeu (2026) based on Agora Energiewende (2023), Agora Agriculture (2024), Avitabile et al. (2023), Camia et al. (2021), Cazzaniga et al. (2019), Eurostat 
(2025, 2024, n.d.), Flach et al. (2024), Korosuo et al. (2024), Material Economics (2021), Malins (2023), Spekreijse et al. (2019), Wouters et al. (2020).
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Biomass demand for energy and materials from 2020 to 2050, EU-27 → Fig. 7
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Annex II: Land use sectors approach

Below are graphs to illustrate the main charac-
teristics of the EU land use sectors scenario from 
the 2024 study by Agora Agriculture: Agriculture, 

forestry and food in a  climate neutral EU. The land 
use sectors as part of a sustainable food system and 
bioeconomy. 
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Land use in the EU agricultural and forestry sectors in 2020 and 2050 → Fig. 9

Agora Agriculture (2024).*values for 2050 are derived from CAPRI modelling results for 2045. **short rotation coppices such as fast growing trees 
or miscanthus. Note: Due to rounding, figures add up to more than 100%.
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Agora Agriculture (2024).*values for 2050 are derived from CAPRI modelling results for 2045; **estimate for emissions from agricultural 
peatlands with CAPRI data on organic soils and emission factors from IPCC (2014); Note: N2O emissions from manure application under “livestock 
and manure”; N2O emissions from organic soils under “agricultural peatlands”
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Annex III: EU fossil gas exit pathway

Below are graphs to illustrate the main characteris-
tics of the EU fossil gas exit scenario from the 2023 

study by Agora Energiewende: Breaking free from 
fossil gas. A new path to a  climate-neutral Europe. 

Technological pathway towards fossil gas phase-out, EU-27 → Fig. 12
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Commission (Agriculture & Waste); **based on the LULUCF+ scenario from the EC Climate Target Plan impact assessment (assumes a five-year delay)

GHG emissions by sector → Fig. 13
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GHG emissions by sector → Fig. 13

Agora Energiewende (2023) based on Material Economics (2021), EU Long-Term Strategy (2018), EU Climate Target Plan (2021), Artelys and al. 
modelling. *EU-28 (incl. UK)

→ Fig. 14Scenario comparison – biomass consumption vs sustainable supply potentials 
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Agora Energiewende (2023) based on Wuppertal Institute modelling. Note: Hydrogen and bioenergy demand includes non-energy demand.

→ Fig. 15Final energy consumption in industry, EU-27 
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→ Fig. 16Final energy consumption in buildings, EU-27 
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Annex IV: Explainer on unit equivalence

The unit terawatt-hour (1 TWh = 1012 watt-hours) is 
used for all biomass data, whether used for energy or 
materials, to allow comparison. The advantage is that 
this unit can reflect the composition of the biomass: 
a higher carbon content (a key indicator for biomass) 

means a higher calorific value (or higher energy con-
tent). The reference taken is the lower heating value 
(as in  the RED). Unless otherwise specified, the bio-
mass data in this analysis refers to the raw material 
biomass (dry matter) required to meet the end-use.	
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All publications are available on our website: www.agora-energiewende.org
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Battery energy storage is expanding rapidly worldwide, supporting renewable energy growth and grid 
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Competitiveness, electrification and the role of electricity prices

From last mile to first mile
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Designing energy infrastructure for a climate-neutral Europe
Solutions for cost-effective system development

Local electricity prices in Germany (Summary)
How integrating grid realities into the electricity market saves costs

Europe’s energy security on the path to climate neutrality
Devising a resilience strategy for the mid-transition

A socially just heat transition
How residential buildings in Germany can become climate neutral

A new investment instrument for onshore wind and solar PV
How market incentives and state guarantees can pave the way to a climate-neutral electricity system  
in Germany

Making the most of green electricity
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All publications are available on our website: www.agora-industry.org
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