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Context and background of this Technical Note

Biomass and biofuels play a crucial role in the European Commission’s (EC)
strategy towards energy security and greenhouse gas emissions reduction (EC,
2019). While biomass is a renewable energy source that is integral to the energy
transition of many sectors, its current share in the renewable energy mix will have
to grow substantially to meet policy goals set by the European Commission
(EU/2023/2413) (EC, 2023). For the road sector, biofuels are essential as a
bridging renewable fuel until full electrification can be achieved. In other mobility
segments, such as aviation and shipping, biofuels will likely play an important role
for decades to come, in moving away from fossil fuels. Also, biomass will be an
essential feedstock in the transition to green chemicals and materials.

Biomass feedstocks are available in many different forms and their potential for
mobilisation differs according to several factors such as availability, removal rate or
other competitive uses. The latest estimates of biomass mobilisation potentials in
Europe provided by the European Commination confirm that the largest potential
will become available from the agricultural sector (Figure 1) (EC, 2024). In a
technical potential, a significant contribution can be achieved from primary
production of intermediate cover crops. This category presents a limited
contribution in the other scenarios due the fact that only a modest mobilisation is
assumed. When comparing the different biomass mobilisation potentials in the
various scenarios to the green carbon required to meet the demand for renewable
fuels in the transport sector, biomass availability potentials match the demand for
renewable fuels, especially when considering synergies with the production of e-
fuels.
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Figure 1: Biomass potentials in technical, low, medium and high potentials in 2030 and 2050 and
distributions over biomass categories (Adapted from EC, 2024)

In January 2024, the Dutch Platform Renewable Fuels hosted a strategy event on
Biomass Mobilisation (BioMob) to explore the topic of sustainable bio-feedstock
mobilisation for the further development of a green production cluster for
renewable fuels and green chemical buildings blocks. Various avenues for
developing a new feedstock base were explored such as the use of agri-residues,
intermediate crops, or crops on marginal land. A key takeaway from this event is
the influence of developing bio-feedstock supply chains on other sustainable
development goals. Various bio-feedstock pathways can be integrated into the
current food production system and provide many opportunities for improvements
in soil quality and water retention, as well as increased food security, job creation,
additional revenues.

Following up on the BioMob event, Dutch Platform Renewable Fuels sees that a
biomass deployment strategy towards the realisation of a green production cluster
must be defined.


https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202302413
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There is a need for better policy guidance to steer the sectors on the right path.
This technical note serves as an exploratory research project as part of a longer
process towards the write up of a whitepaper. This whitepaper acts as an
instrument for better policy guidance on feedstock mobilisation.

Currently, the guidance provided by the European Commission is not optimal.
Market players along the bio-feedstock supply chain are at the mercy of unclear
definitions (i.e. marginal lands, ‘advanced’), unclear direction (i.e. idea of mature
technology, elements of indirect land use change (ILUC)) and unclear integration
between the different demand markets.

A bio feedstock guidance should consider a long-term vision of bringing renewable
fuels to the aviation and maritime sectors and the feedstocks for the green
materials and chemicals. The road sector can serve in the short to medium term as
a demand market to ramp up the production volumes of biofuels. For the
expansion of the biofuels, mainly for road, the feedstock base needed to meet the
demand must be expanded beyond the predominantly food and feed crop-based
feedstocks that are currently used and beyond the cap on the use of used cooking
oil and animal fat uses (Annex IX B). To provide input for such a guidance, Dutch
Platform Renewable Fuels is executing an analysis into various pathways for
mobilising biomass to develop a whitepaper with policy recommendations.

The following Technical Note on Land-based biomass and energy crops provides a
deep dive into one of the many potential avenues for bio-feedstock mobilisation. In
this analysis, there is a focus on two feedstock categories namely, the use of
marginal lands and intercropping. These feedstock categories or the particular set-
ups they are produced in do not compete with food and feed production nor for the
use productive agricultural land. Furthermore, the choice of these two avenues is
aligned with the needs of biofuel producers where the control of feedstock quality
and security of supply are a priority.
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Executive summary

Land availability and its use have been a topic of debate as the question of land
use for the production of bioenergy becomes increasingly important in the energy
transition. Land systems are dynamic and used for various purposes by different
people which makes decision making about sustainable land management
inherently complex and multi-faceted. Bioenergy is one of the many possible uses
of land and developing sustainable land-based bioenergy systems requires careful
planning. An integrative approach must be considered starting from the land use
side where the best fit for bioenergy system can be determined along with the
optimisation of synergies with other land management goals.

While residual biomass is seen as the most sustainable biomass feedstock,
residues and waste streams alone will not be enough to satisfy the expected future
biomass demand. Additional sourcing from dedicated cropping of land-based
biomass will be needed to meet the rising demands for biomass feedstocks. On a
global level, it is generally agreed that the land needed for bioenergy is not a major
constraint. Instead, the main challenge is to expand land-based bioenergy in a
sustainable way. In Europe, between 17 and 71 million ha of productive land in the
form of arable land and pasture land could be made available for bioenergy, on
condition that improvements in agricultural production are sufficient, a majority of
which would be located in Eastern Europe. Additionally, a large potential can be
seen in the use of marginal lands.

The technical note provides insights on opportunities and constraints to scale up
non-food energy crops by exploring the possibilities on the supply and demand
side. First, the supply side is considered by investigating several land and crop
options. Two types of land are identified where energy crops can be grown, either
on productive agricultural or forest land or on marginal lands. On productive
agricultural land, energy crops could be integrated in a crop rotation with food
crops which would bring a variety of benefits. The main advantage of annual
energy crops lies in the fact that agronomic management can be easily adapted in
used cultivation practices as fit in current (rotation) farming systems without
creating land use change and providing further agronomic and environmental
advantages (i.e. soil production, fertility enhancement). Annual energy crops are
usually preferred over perennial crops as they are more familiar to farmers and
require less farm management change.

Energy crops could also be grown on surplus land that is not suitable for food
production which is mainly abandoned or marginal land. Although the concept of
marginal land is understood differently across countries and regions, they are often
uninteresting to farmers for food production because of their low yields. They do
present an interesting opportunity for the cultivation of perennial energy crops, as
they are low in costs and maintenance, and can help to rehabilitate these lands. In
Europe, land that is most susceptible to agricultural marginalisation is likely to be
found in extensive farming regions and those where traditional small-scale farming
is prevalent. Such practice of growing perennial crops on surplus land could benefit
farmers by providing additional income and improve local economy once the land
is rehabilitated. However, the factor time is important to consider before
competitive yield resulting in attractive income can be reached. Other
disadvantages are related to the fact that not enough information on the
performance of perennial crops in field conditions is available as well as
competition with other land uses. Nevertheless, the environmental advantages of
perennial crops versus annual crops can occur both in productive and marginal
land. It is usually easier for farmers to start growing energy crops on their own
productive land rather than perennials on marginal land. Generally, low-intensity
input supply and farming practices are recommended for the cultivation of energy
crops.

On the demand side, developing bio-feedstock value chains through the right
stakeholder processes is examined. Biomass producers, biomass buyers and
governments (local and national) are the main actors in the implementation of
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biomass feedstock value chains. Interactions between these different stakeholders
can be strengthened to facilitate a cost-effective, just, and sustainable
implementation of these value chains. Transparency and inclusivity are required in
their decision-making to maximise benefits and minimise harm to local
communities and the environment. Strengthened interactions between the various
stakeholders can be achieved by contracting farmers to improve their market
security whereby a company purchases farmers’ products. Furthermore, the terms
of the purchase should be arranged in advance through contracts and addressing
the stakeholder power imbalances are key aspects to consider to achieve fair and
durable agreements.

The different cropping set-ups present many potential benefits and can play an
important role to fulfil ambitious climate targets. Yet the uptake of energy crop
cultivation has continued to stagnate, and significant policy intervention will be
required to overcome the present barriers for the growth of energy crops on
marginal lands or integrated onto productive land. Several public and private
instruments needed to support the scale up of energy crops are explored. Policy
measures to support the growth of energy crop on marginal land include integrated
land use policy, planting grants, government-backed contract for biomass supply.
Incentives could include either direct incentives by government or the private
sector combined with safeguard mechanisms to avoid overuse or wrong use of
land for energy crops. Otherwise, indirect incentives in the form of payment for
environmental services should be provided in the case of perennial crops. As a
switch in agricultural practices presents risk for farmers, sufficient financial
incentives must be provided for them to adopt new farming practices. Increasing
the uptake of sequential cropping practices could be done by creating a dedicated
market for the produced feedstock. In addition, policies that reward improvements
in soil health, carbon stock and other environmental benefits can also help to
create a push for the uptake of such practices.

Currently the cultivation and supply of energy crops on the supply side as well as
renewable fuels on the demand side are insufficiently incentivised by policies. On
the supply side, the Common Agricultural Policy (CAP) is taking tentative first steps
in supporting farmers in the uptake of energy crop cultivation in their practices. The
overall design of the framework is useful to foster beneficial environmental and
climate results. However, it does not yet set high ambitions and the flexibility in
implementation is used by Member States makes that ambitions end up being
lower, resulting in little to no incentives yet for the adoption of energy crops in
different agricultural set-ups. On the demand side, the Renewable Energy Directive
(RED) is offering an opportunity to incentivise the demand for sustainable
agricultural feedstock under a set of conditions. The production of energy crops
should be done in specific agricultural set-ups, whether on marginal land or
integrated in a cropping rotation. However, some feedstock categories are
subjected to capped contributions, such as biofuels produced from food and feed
feedstocks and biofuels produced from feedstocks listed in Annex IX Part B, and
others are stimulated by a sub-mandate, such as biofuels produced from
feedstocks listed in Annex IX Part A. However, the RED should not impose caps
and sub-targets on the basis of feedstock categories. Instead, these sub-targets
and caps should be set according to the benefits various agricultural set-ups bring
to objectives other than only the biofuel feedstock production. In conclusion, there
is a need for better coherency in EU policies that incentivises the deployment of
renewable energy both on the supply and demand side and provides security for
feedstock suppliers for instance in the form of crops insurance schemes for energy
crops.
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1 Setting the bioenergy-land nexus scene

Land systems lie at the heart of several development issues, including food
security, biodiversity conservation, healthy soils and habitats, clean energy, and
climate change action. Decisions about sustainable land management are
inherently complex and multi-faceted because land systems are dynamic and can
be used simultaneously for different purposes by different people. Many of these
features and their implications are reflected in Figure
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Figure 2. Land systems facts, sustainability challenges and implications for governance and practice
(Meyfroidt et al, 2021).

When applied to the management of land-based bioenergy, the features displayed
in Figure 1 mean that (Dubois et al, 2022):

e Bioenergy supply is just one possible use of land, which means that multiple
uses and integrative approaches need to be considered when the location of
bioenergy systems is being planned,;

e The links between bioenergy and land are influenced by climate and human
activities. They affect natural resources, especially water, nutrients, and carbon
as well as people’s livelihoods and local development.

e As aresult, land-based bioenergy planning must give due consideration to a
potentially diverse range of locally important factors;

e Sustainable land-based bioenergy systems should be planned starting not from
the energy side but from the land use side, so as to appropriately consider and
address potential conflicts with stakeholders, find the best fit for bioenergy
systems to minimize negative effects, and optimize synergies with other land
management goals, such as productivity and biodiversity conservation;

e Land-based bioenergy solutions require transparent, inclusive decision-making
to maximize benefits and minimize harm to the environment and to local
communities;

e Given the possible multiple simultaneous and sequential uses of land by
different actors, land-based bioenergy solutions and decision-making processes
should extend beyond those who hold formal rights over the land or directly
benefit from it; it should also include those with a stake in the land and those
who derive benefits from it or perceive burdens.

While residual biomass is seen as the most sustainable biomass feedstocks there
is also ample agreement that residues and waste streams alone will not be enough
to satisfy the expected future biomass demand. Additional sourcing from dedicated
cropping of land-based biomass is needed to satisfy rising demands. The amount
of land available for bioenergy feedstock production is a contested issue, with
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contrasting views and large ranges on land available for bioenergy. This can be
explained by the fact that available land for bioenergy depends on several factors
hard to predict with certainty, including feasible future agricultural crop yields,
effects of future climates, proportion of diet shifts, livestock feeding efficiency, land
availability for energy crops (in particular on marginal land), and yields of energy
crops. That said, many scientists agree that increases in food and energy crop
yields as well as higher feeding efficiencies and lower consumption of animal
products would result in higher technical land-based bioenergy potential (Faaij,
2022). With the above in mind, the following indications on future prospects for
land use for bioenergy are worth noting:

At Global level:

e There is broad agreement that land needed to produce bioenergy might not be
the main constraint to large implementation of sustainable bioenergy as it would
be a minor part of global land - the main challenge is to expand land-based
bioenergy in a sustainable way. For instance, the proportion of land used for
bioenergy would amount to about 22% rainfed agricultural land according to
Woods et al (2015) estimate, which compares only the land areas considered
suitable for rainfed agriculture and that is potentially available for bioenergy
production (905 million hectares (ha), with the 200 million ha estimated to be
required for production of 135 EJ' of modern bioenergy in a scenario that
delivers 200 EJ/year of bioenergy in 2050. This assessment does not account
for the potential use of marginal land to produce bioenergy feedstock. More
recently, in its NZE scenario 2050 (IEA, 2021), IEA estimates that 410 million
ha would be needed to produce 100 EJ bioenergy per year in 2050, broken
down as follows:

e 270 million ha forest land (66%) and
¢ 140 million ha for bioenergy crops (345),

o of which 130 million ha short rotation advanced bioenergy crops (93%),
and
¢ 10 million ha conventional crops (7%), half on marginal or grazing land
and half on existing cropland.
¢ In addition, estimates of global availability of marginal land range from
250 million ha to 1.6 billion ha (ETIP-Bioenergy, 2019).

In the EU:

e As regards productive land, based on recent estimates, according to Faajj
(2022), provided sufficient improvements in agriculture production and
accounting for future food and feed needs, 7-52 million ha of arable land and
10-19 million ha of pasture lands could be released for bioenergy in Europe
(plus Ukraine), equivalent to 3.3-15.8 EJ. Such land would be mostly located in
Eastern Europe, due to the higher potential to bridge agricultural yield gaps in
that part of the EU. Moreover, Ukraine would contribute about 1/3 of the freed
land. Importantly, the wide range reflects the high dependence on the
magnitude of agricultural yield increase and how fast these would be achieved;

e As regards marginal land, there is agreement that their theoretical potential is
huge. For instance, recent research from the EC-funded MAGIC project
estimates that the total marginal area across European land surface amounts to
roughly 6.5 million ha - about the size of France (Von Gayl et al, 2019). Other
studies give much lower potential, e.g., 20-21 million ha in 2030 and 2050 (Vera
et al, 2021), still a significant potential.

Bioenergy has some specific land features compared to other types of renewable
energy:

"1 EJ =1 exajoule, a unit of energy. 1 EJ = 10° PJ or 10° TJ or 10° GJ or 1012 MJ or 10" J.
Total world energy consumption in 2022 was + 600 EJ according to Energy Institute, 2023 Statistical
Review of World Energy 2023.
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It has a very high land footprint; i.e. more land is required to produce the same
amount of energy from bioenergy than from other types of renewable energy.
This disadvantage can be addressed in two ways (Fritsche et al, 2017):

e By optimizing the energy efficiency of land through the co-location of
bioenergy and other types of renewables - for instance through agro-
photovoltaic systems that combine solar panels and energy crops on the
same field. A recent JRC report finds that using only 1% of the EU’s utilised
Agricultural Area with Agri-photovoltaic (PV) systems could allow 1 TW? of
PV capacity, well above the 590 GW foreseen by 2030 in the recent EU
Solar Strategy communication (EC, 2023);

e By optimizing land use efficiency through the combination of energy and
other land uses on the same field - for instance through integrated food
energy systems/IFES (e.g., mixed cropping systems that include one energy
crop, farming systems that produce bioenergy as by-product) (FAO, 2010,
Koppelmaki et al, 2021).

A particular feature of bioenergy is that it can be a co-product of land
management designed to improve watershed and soil conditions, forest health
(wildfire fuel reduction), habitat for endangered species (removal of invasive
species), and other land-based ecological services, while also supporting
phytoremediation and restoration of degraded lands - See examples related to
water in GBEP (2016) and to forest land restoration in GBEP (2020)

On the other hand, the use of by-products from bioenergy that can be used as
animal feed can free land used to produce grain aimed at feeding livestock;

For many years the risk of indirect land use change (ILUC) has played a
significant role in the assessments, debates, and policies about the availability
of sustainable land-based bioenergy feedstocks. The ILUC risk concerns a land
use change that occurs elsewhere as a flow-on effect if bioenergy crops
displace the production of food or feed. As the demand for these products
(partially) remains, production may “move” somewhere else, which could result
in land conversion. Such indirect land conversion could release carbon stocks
and lead to greenhouse gas emissions. In theory, such indirect emissions could
reduce or even negate the positive effect of biofuels replacing fossil fuels.
Recent assessment of the performance of these models have shown that they
suffer from major limitations (See in particular Daioglou et al, 2020 and IEA-
Bioenergy, 2022). Moreover, the potential ILUC impact changes continuously
over time, due to changes in the international agricultural commodity market
and local land policies. Therefore, the ILUC notions may inform bioenergy, land
use and climate policy but should not be used as sole guidance. As suggested
by several authors (e.g., Daioglou et al, 2020; Faaij, 2022), it would be more
constructive to develop comprehensive ‘land-use’ policies that aim to avoid the
CO:2 and other impacts for all land-use related products, thus making ILUC
‘disappear’ and transforming it into ‘Integrated Land use Changes’. The ILUC-
risk is often considered specific to bioenergy. However, ILUC can happen with
any activity with a land claim, which, as a result, displaces the current activities
on that land to elsewhere; hence, in principle, it can also occur in the case of
large-scale solar panel fields, local nature protection, or afforestation projects, if
they effectively displace agriculture.

21 TW =1 TeraWatt, a unit of energy capacity, i.e. how much energy can be provided per unit of time.
1TW=1Js.
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2 Brief overview of constraints and opportunities to
scale up non-food energy crops adoption

2.1 From the supply side: land and crop options

For the purpose of this note, it is useful to consider two types of land where energy
crops can be grown, i.e., productive agricultural or forest land on the one hand and
marginal land on the other hand. The concept of marginal land is dynamic as the
features of marginal land can vary in space and time. For instance, land
considered unproductive where intensive industrial large-scale agriculture prevails
may not be deemed so in areas dominated by small-scale extensive agriculture,
and land that is unproductive for agriculture can become productive upon its
rehabilitation and can therefore be reclaimed for food production. This dynamic
character of the marginal land concept explains why there is currently no agreed
definition of marginal land. Definitions vary across regions, countries, and
organizations due to the need to consider both biophysical and socio-economic
aspects of land marginality, and their potential uses, this latter aspect having led to
fierce and often value-laden debates (Muscat et al, 2022). This note will not
attempt to define marginal land. From a pragmatic point of view, we are just
interested in the usability for crop production of the different types of land that can
reasonably be encompassed in the marginal land concept, as illustrated in Figure .
Importantly, what can be concluded from Figure is that some forms of agriculture
are possible on some types of marginal land, primarily reclaimed, idle, fallow,
abandoned land, and, to a lesser extent, degraded and contaminated land. Dauber
and Miyake (2016) call them ‘economic marginal land’, and this is the type of
marginal land where energy crops are likely to perform better in terms of yield and
farmers’ income.

Within marginal lands, the European Commission defines abandoned land as land
that ‘was used in the past for the cultivation of food and feed crops but where the
cultivation of food and feed crops was stopped due to biophysical or
socioeconomic constraints’ (EC, 2019b). Abandoned lands are estimated to
increase by 4.8 million hectares in the EU for the 2015-2030 period, accounting for
3% of total agricultural lands (Fayet et al, 2022). Given their previous use for crop
cultivation, they are likely to be more fertile than other types of marginal land, in
particular when they have been abandoned for economic rather than biological
reasons.

Economically marginal land

Increased usability for crop production

Figure 3. Types of marginal land and their interrelations to productivity and need for restoration
(Adapted from Csikos and Toth, 2023).

In Europe, land most susceptible to agricultural marginalisation is likely to be found
in extensive farming regions and those where traditional small-scale farming is
prevalent (EC, 2022a).

Land can be used in two ways to produce bioenergy feedstocks:

¢ A food/energy integration option, where energy crops are inserted in existing
food cropping systems, either together with existing crops - i.e., intercropping,

10
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including agroforestry - or annual crops in a sequence between existing crops,
i.e., cover, relay or catch crops;

¢ A food/energy segregation option, where energy crops - mainly perennial ones,
are grown on surplus land.

Using land to produce energy crops faces trade-offs and synergies. In that respect,
according to a recent review of environmental factors by Vera et al (2022):

e There are almost an equal number of trade-offs and synergies;

e Most synergies are observed when perennial crops are produced on arable
land, pastures or marginal land in the ‘cool temperate moist’ climate zone and
‘high activity clay’ soils;

o Most trade-offs are related to food security, economic revenue and water
availability. Importantly, several studies report negative effects on farmers'
revenue when they shifted from 1st to 2nd generation crops as bioenergy
feedstock. In most cases, the shift reduced GHG emissions and decreased
revenue for farmers, with exceptions for the latter when the energy crop
complemented rather than replaced the main crop;

e Previous land use and feedstock type are more impactful in determining
synergies and trade-offs than climatic zone and soil type;

¢ This study highlights the importance of considering context-specific conditions
in evaluating synergies and trade-offs and their relevance for developing
appropriate policies and practices to meet worldwide demand for bioenergy in a
sustainable manner.

Low-intensity farming systems often found on marginal land, such as extensive
land, are of great importance for agricultural biodiversity preservation. Many
marginal lands in Europe are dominated by permanent grassland systems. Species
conservation value and soil carbon storage potentials of permanent grassland are
potentially in conflict with the strategy of targeting marginal or degraded land for
energy crop cultivation. However, restricting the production of energy arable land to
prevent the conversion of permanent grassland could however aggravate the
food/energy-conflict and stimulate increased ILUC. Dauber and Miyake (2016)
suggest a potential way out of this conflict by using the natural or semi-natural
grassland biomass directly for energy conversion. The same authors contend that
high biodiversity levels of semi-natural grasslands can only be maintained through
continuous management and thus using the biomass yield from semi-natural
grasslands could promote the sustainable management of such sites in areas
threatened by farm abandonment.

11



On low indirect land use change risk certification

At the EU level, the interest in marginal land also stems
from the fact that marginal lands include land types
(i.e., degraded and abandoned) that fulfil EC low
indirect land use change (ILUC) requirements.

The Renewable Energy Directive requests that for

biofuels produced from feedstocks with a high indirect

land use change (ILUC) risk, being produced from food
or feed crops with a significant expansion into land with
high carbon stock, these biofuels can only be allowed
when certified as a low ILUC-risk biofuel. Delegated

Regulation (EU) 2019/807 (EC, 2019b) describes the

criteria for feedstocks to qualify as high-ILUC risk

feedstock. At this moment in time, following these
criteria only palm oil is qualified as a high-ILUC risk
feedstock. The regulation also indicates what is
needed for a biofuel to be certified as low-ILUC risk
biofuel, which would mean that they are exempted from
the specific and gradually decreasing limit (to 0% in

2030) that is to be applied for biofuels from high ILUC

risk feedstocks.

Low-ILUC certification can be granted if fuels meet the

following cumulative criteria (EC, 2019a):

e ‘Compliance with the sustainability criteria set in the
recast Renewable Energy Directive, which entails
that feedstock can only be grown on unused land
that is not rich in carbon stock;

e use of additional feedstock resulting from measures
increasing productivity on the already used land, or
from cultivating crops on areas which were
previously not used for cultivation of crops (unused
lands), provided that a financial barrier has been
overcome, or the land was abandoned or severely
degraded, or the crop has been cultivated by a
small farmer; and

e robust evidence proving that the two previous
criteria are met'.

Land-based biomass and energy crops

Most estimates of the potential of energy crops focus
on ligno-cellulosic ones (both annual and perennial),
without mentioning annual starch or oil crops (e.g., the
case for IEA, 2021 at the global level and Imperial
College Consultants, 2021 regarding the EU). This is
quite surprising and unfortunate given that (i) they play
an important role, in particular oil crops, as feedstocks
for increasing biofuel markets, not least sustainable
aviation fuels (SAF) (e.g., World Energy Forum. 2020
and Yang et al, 2023); (ii) the fact that, conversely to
ligno-cellulosic crops, starch and oil crops can produce
animal feed as a by-product of bioenergy, which can
free land used to cultivate crops for livestock,
potentially reducing tensions on land use, and (iii) there
are multiple examples of sustainable farming systems
using starch and oil crops for bioenergy purposes,
including palm oil (See for example Van de Laan et al.
in Indonesia, 2017 and Ramirez Contreras, 2020 in
Colombia).

There is broad agreement that the main advantage of
the annual energy crops lies in the fact that agronomic
management can be easily adapted in used cultivation
practices as fit in current (rotation) farming systems,
without committing land use change for a long time, in
addition to agronomic advantages like soil protection
and possible fertility enhancement (in particular
regarding leguminous cover crops). Farmers are
usually more familiar with frequently used annual food
oil and starch crops that can be used in sequence in
productive land (e.g., rye, sugar beet, rapeseed,
sunflower or castor bean) than concerning recently
promoted energy crops that often still requires
domestication, hence time to produce reasonable
yields (e.g., switchgrass, camelina, or brassica

carinata), and whose performance currently lacks predictability. The above-
mentioned factors explain why annual crops are often preferred by farmers
compared to perennial crops. Another advantage is that, so far, the European
Commission Renewable Energy Directive does not apply a limit to biofuels

produced from food and feed crops grown as intermediate crops, which are crops
other than the main crop, “provided that the use of such intermediate crops does
not trigger demand for additional land” (EC, 2018).

However, despite these advantages, farmers’ adoption of annual energy crops in
existing cropping systems varies. For instance, a recent study related to food and
feed cover crops in four EU regions found adoption rates ranging from 12 to 99 %
(Kathage et al, 2022). The main reason for adoption was a legal obligation,
followed by financial incentives. Environmental and climate considerations played
only a small role. The same study, as well as others, found that common
challenges of cover crops concern yield variability; possible competition for water,
which can affect the production of the main crops; additional costs; additional
workload (e.g., for planting and harvesting) not always balanced by revenues; and
uncertain market opportunities. More knowledge on cover crop agronomy and
economics as well as site-specific cover crop approaches are needed, even more
regarding energy ones.

On the other hand, the main advantages of perennial energy crops lie in their low
production costs (not always the case for short rotation coppice though), suitability
to marginal lands, relative low water needs, low nutrient and agrochemical
requirements, and positive environmental benefits (Alexopoulou et al, 2013).
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On productive
land, with energy
crops integrated
in a crop rotation
with food crops

Land-based biomass and energy crops

Table 1 summarises the main advantages and drawbacks of land and energy crop

options.

Table 1. Summary of advantages and disadvantages of using productive versus surplus land and
annual versus perennial crops to produce bioenergy feedstock

Main advantages

e Can potentially be applied in all
cropping systems through inter or
sequence cropping - hence potentially
on a very large area

¢ Does not require additional land, so no
ILUC risk if it does not negatively affect
the production of food crops

e So far, no EC limit to the use no limit to
the use of food and feed crops so long
as it does require additional land use

e Usually improves the environmental and

productive performance of existing
cropping systems (e.g. 4FCROPS,
2010, Heaton et al, 2013, Veldkamp et
al, 2023)

e Relatively more field results available, in

addition to experimental plot results,
compared to marginal land (e.g.,
Heaton et al, 2013)

e No long-term land commitment

Main disadvantages

Possible competition with food and
ILUC effect if it reduces food production
or leads to the need to use additional
land

Farmers might lack knowledge
regarding rotations that include energy
crops, in particular non-food ones
Inclusion of energy crops in rotation
depends on the available time window
left between the main crops included in
the rotation. This can vary every year,
mainly due to yearly changes in climate
and market conditions

Available land where to include energy
crops strictly related the amount of used
cropland. There has been a reduction
trend in cropland area in the EU, while
area of grazing land has increased (EC,
2022a)

Surplus land not
suitable for food
production
(mainly
abandoned or
marginal land)

e Can result in land rehabilitation, hence
improved soil quality

e As aresult, can lead to additional
farmer’s income and improve local
economy once the land is rehabilitated

e Can improve environmental conditions
provided low-input farm intensification
practices are applied (e.g., Von Cossel
et al, 2020a and b; Englund et al, 2022;
Kiesel et al, 2023; Scordia et al, 2023).
These can include precision agriculture
practices

e Linked to the above, can benefit from
payments for environmental services,
e.g., biodiversity enhancement (Von
Gayl et al, 2020b)

Many possible uses of marginal land, so
need to compare the advantages of the
use for bioenergy feedstocks to other
possible uses (e.g., natural growth,
hunting, extensive grazing) (EC, 2022a)
Bioenergy use not always
advantageous from an environment and
socio-economic point of view

More time needed to reach competitive
yields that result in attractive income for
farmers - Likely less so in the case of
abandoned land compared to marginal
land due to frequent initial higher fertility
of the former

Many results on performance relate to
plot level tests, with very few results
from field level trials - so existing
knowledge gaps, despite interesting
recent initiatives to bridge this gap - e.g.
through the EC-funded PANACEA
project (ETIP-Bioenergy, 2019,
Panoutsou et al, 2021 a and b)

Not enough information on perennial
crop performance in field conditions
Can lead to competition with food
production once the land is rehabilitated

Table 1 can be used as a basis to draw some key conclusions regarding these

options to scale up energy crop use.

Regarding land options

e Compared to productive agricultural land, marginal land is usually at a

disadvantage from two standpoints:

e |t can seldom compete in terms of financial profitability, both from a
quantitative point of view and the time lag until reasonable profits can be
made. This means that without sufficient incentives, the use of marginal land
to produce energy crops will unlikely reach meaningful levels;

e Conversely to productive agricultural land whose purpose is clear, marginal
land can be used for different purposes besides bioenergy feedstocks, both
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at the planning stage (e.g., compared to extensive agriculture and
recreational activities or rewilding) and once their soil quality is rehabilitated
(e.g., with their use to produce food). In that respect, it is worth pointing out
that, from a strict climate mitigation point of view, the use of marginal land for
bioenergy feedstocks compared to natural regrowth or reforestation is often
only advantageous if it is combined with yield increase and Bioenergy with
carbon capture and storage (BECCS) (e.g., Kalt et al, 2019 and 2020;
Lowenskiod et al, 2022; Sandstad Naess et al, 2023, Fehrenbach et al,
2023, and Rowe et al, 2020 and Martani et al, 2022a regarding the carbon
balance when perennial crops systems are reverted to arable land).
Therefore, judicious choices must be made between different possible uses
of marginal land. This requires a science-based integrated approach that
considers not only climate change mitigation but also all land use change-
related environmental and socio-economic aspects, as well as an all-
inclusive decision-making process where local stakeholders should play a
key role.

While ILUC risks exist for productive agricultural land and not for marginal land,
farming practices to address it, like sustainable yield increase and sequence
cropping, are well known and relatively easy to implement.

Regarding crop options

The environmental advantages of perennial crops versus annual crops can
occur both in productive and marginal land;

Linked to the above, low-intensity input supply and farming practices are usually
recommended for the cultivation of energy crops. This stems from the need to
ensure a favourable overall carbon balance of the cropping system. In the case
of perennial crops, this also ensures that the environmental advantages of
these crops are maintained, with prospects to benefit from payments for
environmental services. Precision agriculture should be part of low-input
farming systems, and successful experience in its use to grow energy crops
exist (e.g., Heaton et al, 2013). Among low-intensity inputs, biochar should be
given special consideration because it combines being a proven low-carbon
intensity means to enhance soil health (Lehman et al, 2021 Martani et al, 2022b
and Chiaramonti and Barsani, 2023) and its fulfilment of circular bioeconomy as
a by-product of pyrolysis;

It is usually easier for farmers to start growing energy crops on their own
productive land than perennials on marginal land, and annual crops than
perennials because the former require less farm management change. More
specifically, factors related to stronger resistance to adopt perennial crops
versus annual crops concern primarily high upfront investments (e.g., for new
harvesting material), lack of long-term mature and uncertain markets at the end
of the crop life span, and long-term commitment of land (Clifton Brown et al,
2023). The capacity to absorb these risks varies according to farming system
characteristics (e.g. size, tenure, level of investment in other enterprises and a
positive grower attitude towards innovation of new products and markets);

For the above-mentioned reasons, adoption potential of perennial crops is likely
to be higher for large-scale farms (Clifton Brown et al, 2023). This might
complicate their implementation on marginal land as these are often dominated
by small-scale farming;

While some commercial scale experience exists regarding the performance
some types of energy crops (e.g., short rotation coppice) on productive land,
this is not the case regarding energy crops on marginal land. In that respect,
research programs, in particular some recent EC-funded ones through the
H20/20 programme, have significantly helped fill knowledge gaps, but most of
them have not lasted more than the duration of the projects that funded them,
i.e. usually less than five years. While such project durations cover the life span
of annual crops, it is not the case for many perennial crops. Therefore, these
research projects do not give results about the performance of these crops at
the end stages of their cultivation, including on important aspects such as soil

14



Land-based biomass and energy crops

carbon balance and harvesting costs. Longer projects and more commercial-
scale ones are therefore needed to overcome this research weakness; which is
more likely to happen with national funding (Clifton Brown, 2023), as in the case
of the SUSFACE project in Italy (Pari et al, 2019). In addition, there is hardly
any information on the impacts of future climate (in particular extreme weather
events such as heat waves and floods) on the performance of all types of
energy crops. Moreover, there is much to do in agronomy and crop
management beyond plot trials to upscale the uptake of these crops to
commercial fields, including commercial-scale trials to be evaluated by truly
independent bodies. Modern information technologies, including those related
to precision farming and remote sensing, are showing great promise for
forecasting energy crop performance, e.g. remote sensing for perennial
bioenergy grass yields (Hamada et al, 2021).

The above considerations show that, while there is significant potential and some
experience regarding the growth of non-food energy crops, their wide adoption by
farmers still faces significant challenges. However, time is of the essence; we
cannot afford to wait until we have all the answers to address these challenges and
deploy energy crops on a meaningful scale. The ‘best bet’ approach in that
direction would be to follow the following ‘no regret’ twin-track pathway, which
would combine:

¢ Prioritizing the large-scale implementation of energy crops for which there is
sufficient farm-level and commercial scale experience on productive land,
including:

e On the one hand, annual crops in existing crop rotations for which sufficient
experience exist. i.e. food and feed crops;

e On the other hand, perennial crops. In that respect, recent studies show (i)
the capacity of strategic perennialization of productive agricultural land in
mitigating environmental impacts and enhance carbon sequestration without
compromising food production (Englund et al, 2020a and b, and 2022), and
(i) that a significant amount of land where this is possible exist in Europe -
focusing on priority areas, strategic perennialization could concern over 15-
60 million ha, harboring 10-46% of total annual crop production in EU - See
Figure 4. (Englund et al, 2020a);

e Strengthening knowledge and data about the agronomic feasibility and
sustainability of both non-food annual energy crops as part of crop rotations on
productive land and perennial energy crops on marginal land. This would
include demonstration farms and on-farm trials over long period of time, based
on existing knowledge and priorities decided by local stakeholders.

More broadly, implementing good sustainable land use practices in the deployment
of energy crops is a ‘no regret’ way to promote the deployment of energy crops.
The good news is that good sustainable land use are well known and well
documented, for instance in the database of the World Overview of Conservation
Approaches and Technologies (WOCAT). However, in selecting and implementing
good practices,
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I 1 impact with very high mitigation effectiveness

I 2 impacts with high or very high mitigation effectiveness

Il 3 impacts with high or very high mitigation effectiveness

Il 4 impacts with high or very high mitigation effectiveness
&

Figure 4. Priority areas for strategic perennialization of productive agricultural land (Englund et al,
2020a)

good practices, it is important to address trade-offs between benefits to land and
possible risks regarding other development aspects. One example of a trade-off is
the use of agricultural residues for bioenergy instead of soil cover or animal feed.
Feedback loops are needed to review the validity of existing indicators and
practices., because contextual conditions are linked to sustainable land use and
land users’ needs can change over time. Such process to select good practices is
illustrated in Figure 5.

THROUGH A LOCAL MULTI-STAKEHOLDER DECISION PROCESS

Checklist of
sustainability
criteria

Definition

Monitoring

Identification i

of stakeholders

of objectives
and needs

Definition
of context
& baseline

—>

Selection of context-specific
good practices

and
evaluaton of
good
practices
through

selected
indicators

scenario

Risk analysis:
identification of
' trade-offs between
sustainability criteria

FEEDBACK LOOP

Figure 5. Process to select good sustainable land use practices (Dubois et al, 2022)

2.2 The demand side: Making biomass feedstock value chains
work through the right stakeholder processes

Biomass producers, biomass buyers and governments (local and national) are the
main actors in the implementation of biomass feedstock value chains. This section
briefly discusses two ways interaction between these stakeholders can be
strengthened to facilitate the cost-effective, just, and sustainable implementation of
these value chains.
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Contract farming to improve farmers’ market security

Adequate initial market demands need to be assured to reduce the risk of failure
for bioenergy products. This can be achieved through contract farming whereby a
company purchases farmers’ products, and the terms of the purchase are arranged
in advance through contracts. The terms of the contract vary and usually specify
how much produce the contractor will buy and what price they will pay for it. The
contractor frequently provides credit, inputs and technical advice.

As a form of agricultural production contract farming has been practiced for a long
time. It can bring several benefits to both the contractor/company and farmers, but
it can also come with constraints and risks for both parties. The most common
ones and possible ways to address these are summarised in Table 2.

Key requirements for successful contract farming schemes include (World Bank
and UNCTAD, 2018):

e Careful pre-investment evaluations of the business plan, sustainability, and
benefits for participating farmers and communities;

o Early-stage community consultation, particularly with respect to community
impacts and access to land;

o Written contracts, with effective monitoring and grievance procedures;

o Efforts at multiple levels to improve the productivity and quality achieved by
smallholders;

e Processes for managing risk in responding to changing circumstances; and

e Support for community engagement and capacity to engage.

Before setting up biofuel contract farming operations, biofuel companies must give
detail consideration to a number of issues (Shepperd, A.W., 2013):

¢ Do the identified farmers have the capacity to produce the necessary quantities
required by the factory?

e What company support will be required to ensure the targets are met?

e What are the potential implications of biofuel contract farming on food
production, land tenure arrangements, and gender relations?

e What support is necessary to farmers growing long-gestation crops?

e How can trust be built up and maintained between farmers and the companies?

e What sort of contract is required?

Table 2. Possible constraints/risks for farmers and companies relating to contract farming, and possible
solutions to overcome them (Adapted from Vermeulen and Goad, 2006).

Regarding farmers and companies (or land development agencies) ‘

Constraints/Risks Possible solutions to overcome constraints/risks
Land disputes and tenurial e Companies go beyond legislation in settling land disputes
uncertainty e Share-based systems can replace individual land holding. Whereby

farmers rent out use rights of their land to a company or collect a share of
profits based on the equity value of their land

Low productivity and quality of o Governments or companies support nurseries for high quality seed stock
feedstocks

e Upfront cash incentives to encourage use of inputs and overcome cash
flow problems

e Farmers can selectively hire services of government extension agencies
Difficult for farmers to comply |e  Group certification of farmers to lower costs of compliance
with standards, principles and |«  Possibility for differential standards for smallholders
criteria e Dedicated support by the certifying company, the government or the

company
Lack of clear and reliable e Some certification principles and criteria (e.g., RSPO for palm oil) require
mechanisms for dispute companies to set up workable dispute mechanisms
resolution e Government provides both policy context and actual mediation services
Regarding farmers ‘
Constraints/Risks Possible solutions to overcome constraints/risks

Lack of access to capital for o  Cross-sectoral government subsidised credit schemes for individuals and
investment (and reluctance to cooperatives
use land as collateral) e Company provides interest-free credit for selected inputs
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e Equity or loans by through bank mechanisms
e Credit based on government land guarantee rather than actual market
value of smallholdings
Low access to reliable e Intermediate organisations (e.g., NGOs) provide additional information
information and help to find and interpret formal documents
e Governments or international agencies write and share practical guidance
relevant crops for farmers
e Exchange of information through producer groups and associations
Trade-offs between energy o Allow intercropping of food and energy crops
and food crop production e Allow land to be set aside for food production
e Flexible labour schemes between work on energy crops for companies
and work on food crops
e Intercropping of young trees in food crop fields, or mixed ‘forest gardens’
Perennial crop with volatile e Intercropping and mixed land use to provide more diverse sources of
world price, hence high risk income and food security, especially in early years
compared to other land uses |o Income diversification schemes such as livestock
e Government provision of business services such as predictive market
information
e Stepped harvesting to provide early income
Monopsony purchase by e Standardised fair and transparent pricing systems
company (due to geographic e  Government support to expansion of processing facilities causes their
farm dispersion) proliferation, hence more competition
e Competitive, economically efficient chain of buyer intermediaries
Low bargaining power: difficult o Farmers organize themselves into local associations and cooperatives
to negotiate terms and prices |o  Links with national and international NGOs and trade unions
e Farmers’ contracts with built-in timeframes for renegotiation
e Support from third parties such as government agencies and NGOs
e Government-backed contracts
No share in post- harvest e Farmers organized in cooperative biomass processing companies
added value e Farmers’ associations invest collectively in downstream processing
Lack of broader social e Company uses tax-breaks to fund local infrastructure
development e Free public transport scheme
e Government allocation of land to companies contingent on social

responsibility agreements with communities

/Adverse environmental
impacts (e.g., monocropping of
the energy crop)

Constraints/Risks

Spatial planning, e.g., through agro-ecological zoning giving priority to
degraded land

Civil society court cases to tackle illegal burning

Water-using companies exploring use of tax breaks to fund direct
payments to farmers for upstream environmental protection

Company and/or government support against monocropping and in favor
of crop diversification and guaranteed food production

Regarding companies and land development agencies

Possible solutions to overcome constraints/risks

Side-selling: Farmers do not
respect contract and sell to
other buyers

Government-backed contracts

Trust-building between farmer and company, e.g., through adequate
information provision on market conditions and involving farmers in
decision-making (e.g., onsetting feedstock price)

Unreliable rates of supply from
smallholders, from
inaccessible plots

Company takes full responsibility for collection of fresh fruit bunches, with
dispersed collection points

Incentive schemes for flexible and efficient labour movement among
smallholders’ plots

NGOs provide assistance to small- scale business planning and
projections

Transaction costs of dealing
with large number of individual
smallholders

Smallholders organised into legally recognised local cooperatives
(Indonesia)

Contracts are with farmers’ associations and cooperatives of smallholders
rather than individuals

Companies fund shared, centralised rather than individual extension
service

Tax incentives for companies who buy feedstocks from smallholders
Cooperation between buyers, e.g. on information regarding defaulters or
joint schemes

Smallholders default on loan

repayments

Repayment of loans as a proportion of crop rather than in cash
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The solutions mentioned in Table 2. Possible constraints/risks for farmers and
companies relating to contract farming, and possible solutions to overcome them
(Adapted from Vermeulen and Goad, 2006).show that cost-effective and fair
collaboration between stakeholders requires a balance between the ‘carrot’ (i.e.,
rights and benefits) and the ‘stick’ (i.e., responsibilities) both within and between
stakeholder groups. This alludes to the fact achieving good stakeholder
collaboration requires that issues related to stakeholders' power imbalances be
addressed, a topic that is briefly discussed in turn.

Addressing stakeholder power imbalances - Key to achieve fair and
durable agreements

There is increasing evidence that situations where significant disparity in power
allows power to be exercised usually results in outcomes being potentially more
unstable than in situations where parity in power favours constructive negotiation,
and this even if active participation has been achieved - see Figure

Despite the recognition that stakeholder power differences exert a key role in the
outcomes of negotiations over land use, hence also in the development of biomass
feedstock value chains, information on how to address issues of power relations is
scant. Nevertheless, the ‘4Rs’ framework can help in addressing this gap. It allows
to define/negotiate stakeholders’ roles and, indirectly their respective power,
through the balance of their rights, responsibilities, and returns/revenues (the
‘3Rs’) regarding any collaborative deal, as well as the quality of their relationships
in that respect (IIED, 2005). Other factors that help balance stakeholder power
include multi-stakeholder platforms, a respected and trusted mediator and a
referee.

Multi-stakeholder decision-making:
active stakeholder participation, favouring
collaboration

Disparity in Parity in
stakeholder power stakeholder power

Mono-actor
decision-making:
passive stakeholder participation, favouring
competition

Outcome potentially unstable, at
least in the long-term, due to the
possibility to exercise power

Outcome stabel if parity of power
is maintained

Figure 6. Linking participation and power to the quality of outcome in negotiations (Dubois, 2003).

The case energy crop-based biogas in Emilia Romagna, Italy, described by
Cavicchi et al, 2017, illustrates how the above-mentioned measures can be difficult
to implement, and in this case, led to unsuccessful outcome. Given tab break
incentives regarding the use of land to produce biogas, there was a rush from
external wealthy investors to buy or rent land from local and relatively poor
farmers. This led to the rise of farmland rent price. In several cases, farmers did
not have enough land to install the biogas facilities and cultivate energy crops in
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addition to their food crops, resulting in competition between energy and food
crops. This situation also meant that investors had to import feedstock from outside
Reggio Emilia Province, which increased local traffic and pollution. This situation in
turn triggered tensions and conflicts between farmers and biogas producers, and
little acceptance by local people. In addition, the local government had a passive
role because, formally, it could only deal with pertaining to urban planning. The
above meant:

e Imbalance in stakeholders’ ‘3Rs’: Wealthy external investors took some rights to
cultivate energy crops but without responsibilities to use the land in the right
way. Moreover, the local government did not have any right and could not take
any responsibility in local biogas development;

¢ No mediator or ‘referee’: The local government had a passive role because,
formally, local governments only have urban planning responsibility

¢ No multi-stakeholder platform. The local government organised some meetings,
but these were poorly attended and did not lead to constructive results due to
the tensions between stakeholders.

3 Public and private instruments to support the
scaling up of energy crops

The previous sections have discussed the potential benefits of multiple cropping
set-ups, including sequential cropping practices that include energy crops in a
rotation scheme or using energy crops as cover crops in sensitive periods.
Moreover, the challenges and benefits of growing perennial energy crops on
marginal lands were discussed. To date, the uptake of these practices is still
limited. The following section explores how policy can support and incentivise
these practices.

3.1 Possibilities to support energy crop growth

There is a significant opportunity for perennial energy crops to rehabilitate marginal
lands and they can play an important role in meeting ambitious climate targets.
Nevertheless, the uptake of perennial energy crop cultivation has continued to
stagnate and significant policy intervention will be needed to overcome the present
barriers to land use change for perennials. Possible policy measures include an
integrated land use policy, planting grants, government-backed contracts for
biomass supply, and government-supplied advice to farmers (Ford et al., 2024).

Incentives related to the growth of energy crops on marginal land could be of
different types (Lewandowski et al., 2023):

o Direct incentives by governments or the private sector. Belgium, for example, is
planning to pay a yearly premium of up to € 600/ha for the first five years of
energy crop cultivation, covering the costs of establishment. Moreover,
companies that want to secure their feedstock can either support or pay for the
establishment of the crop and/or offer long-term contracts with fair and
guaranteed payments for the biomass;

¢ Indirect incentives in the shape of payment for environmental services provided
by perennial energy crop cultivation (Von Cossel et al., 2020). For example, by
including environmental provisions into EU policies, in particular the Common
Agriculture Policy (CAP), involving farmers in downstream stages of
bioeconomy value chains through the use of biomass to fulfil their own needs
(e.g., use of perennial crops as livestock bedding or as heating fuel, or to
produce and sell pellets), and demonstration projects that can serve as
information hubs for local farmers.

Alternatively, sequential cropping offers significant opportunity for implementing
energy crop cultivation onto agricultural land. Energy crops can be integrated into a
crop rotation with crops cultivated for food/feed purposes. This actually improves
yields of the food/feed crops, while also improving soil health. In this way, valuable
biomass feedstock for energy and materials can be supplied, without an increased
land claim, minimising the risk of leading to indirect land-use changes into land with
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high carbon stock. However, without sufficient financial incentive, farmers are not
easily moved to adopt new farming practices. Therefore, governments and
companies are needed to create financial benefit and security of demand for
feedstock to stimulate the adoption of these practices.

Research shows that the most important condition to increase the uptake of
sequential cropping practices, or the use of cover crops in winter periods, is the
existence of a dedicated market for the produced feedstock (Magnolo et al., 2021).
Policies that create incentives on the demand for energy crops as a feedstock for
the production of biochemicals, biofuels and other end products can help create a
commodity market for energy crops for non-food and feed purposes. In addition,
policies that reward improvements in soil health, carbon stock and other
environmental benefits can also help to create a push for the uptake of such
practices.

3.2 Agricultural policy envisions energy crops but does not
provide the necessary incentives

All multi-purpose crops are able to deliver environmental functions and will, when
these functions are rewarded, be favoured by farmers. The European Union’s
Common Agricultural Policy (CAP) EU/2021/2115 is taking tentative first steps in
supporting farmers in the uptake of energy crop cultivation in their practices. The
CAP changed its approach from more compliance-based toward more result-
oriented and aims to deliver on the EU’s overall objectives. The performance to
deliver on these objectives is assessed bi-annually. Some of these objectives are:

e To contribute to climate change mitigation and adaptation, including by reducing
greenhouse gas emissions and enhancing carbon sequestration, as well as to
promote sustainable energy;

e To foster sustainable development and efficient management of natural
resources such as water, soil and air, including by reducing chemical
dependency.

75% of direct CAP funds used to support farmers income without
many conditions that improve environment and climate

The bulk of the CAP’s funds are spent on direct income support to farmers (about
75%). To be eligible at all to receive such direct income support, farmers need to
comply with statutory management requirements (SMRs) and good agricultural and
environmental conditions (GAECs). Two GAECs are particularly relevant for
energy crop cultivation:

e GAEC 6 - Minimum soil cover to avoid bare soil in periods that are most
sensitive.

This condition can in theory incentivise the uptake of sequential cropping
practices. However, Member States are given flexibility to define the “sensitive
period” over which the condition applies, which leads to them watering down the
impact of the measure.

e GAEC 7 - Crop rotation in arable land, except for crops growing under water.
Although this condition theoretically obliges crop rotation, it allows for crop
diversification to be implemented as an alternative. Moreover, in implementing
the CAP into national strategies, Member States often define crop rotation very
weakly, lacking clear definitions of main crops and secondary crops.

These examples show a lack of clear definitions. Combined with a significant
amount of flexibility in implementation between Member States, this does not help
deliver the right incentives for energy crop cultivation. Member States will want to
not put too much burden on its own farmers, risking of creating an unfavourable
unlevel playing field. This leads to a race to the bottom, effectively leading to
unambitious and ineffective policy.

21



Land-based biomass and energy crops

Limited funds directed to environmental and climate investments

A small part of these direct payment’s funds (25%) is ringfenced for farmers that
adopt so called eco-schemes, measures benefiting climate and environment that
go beyond the SMRs and GAECs. Assessment of the eco-schemes proposed by
Member States concludes that measures that are supposed to contribute to
improved soil and nutrient management are only adding very little value to existing
conditionality standards and lack overall ambition (Birdlife & EEB, 2022).

The remaining budget of the CAP is spent on indirect support to farmers via rural
development programmes. The agri-environmental-climate measures (AECMs)
opens another opportunity to support improvement of soil health and nutrient
management. Until now, however, here too the translation of CAP into national
strategies has seen very low ambition in that regard.

Assessment of CAP performance: right direction, poor execution

To assess the performance of the CAP on the objective on climate change
mitigation and adaptation as discussed above, certain indicators (impact, result,
context) have been defined on sustainable feedstock production for renewable
energy production from agriculture and forestry. Furthermore, several result
indicators are identified to assess the objective on soil health and nutrient
management. Many of the targets for these indicators are set quite low by Member
States, missing the opportunity to generate investment in beneficial practices.

In conclusion, the CAP seems to set the right objectives and the overall design of
the framework is useful to foster beneficial environmental and climate results.
However, it does not yet set high ambitions, lacks clear shared definitions and the
flexibility in implementation leads to a race to the bottom that waters down any
ambitions of the overall policy. In effect, the agricultural policy in the EU fails to
provide sufficient incentive for the adoption of energy crops in different agricultural
set-ups.

3.3 Energy policy can be an important driver for energy crop
cultivation

Cultivation and supply of energy crops is insufficiently incentivised by the CAP on
the supply side, but the overall objective that the EU sets is clear on that
sustainable production of renewable energy from agriculture is desired. The
Renewable Energy Directive (RED) EU/2018/2001 and its recent amendments
(RED IlI, EU/2023/2413) offer an opportunity for providing incentives on the
demand for sustainable agricultural feedstock.

The RED'’s targets for renewable energy supply in different sectors and specifically
in transport have proven strong incentives to the production of renewable fuels,
and in effect to the sourcing of sustainable feedstock from agriculture. The RED
can potentially send a strong incentive to the production of energy crops under
specific conditions, such as in specific agricultural set-ups, whether on marginal
land or integrated in cropping rotations.

Some feedstock categories are receiving additional stimulation by a sub-mandate,
such as biofuels produced from feedstocks listed in RED Annex IX Part A, which
mostly includes wastes and residues. On the other hand, some feedstock
categories are subjected to capped contributions, such as biofuels produced from
food and feed crops and biofuels produced from feedstocks listed in RED Annex IX
Part B. Momentarily, energy crops grown as a main crop on agricultural land would
classify as food and feed crop. The European Commission wants to limit the use of
such food and feed crops for bioenergy usage, out of fear for indirect land use
changes and competition with food security. Therefore, the Commission has set a
cap on the contribution of these food and feed crops to the targets set in the RED.
When grown in alternative agricultural set-ups such as the ones described
previously, energy crops would not classify as food and feed crops nor any other
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specific category. Therefore, they would not be subjected to any cap, but also not
to any specific extra incentive.

Recently, however, the Commission proposed several changes to the feedstock list
in Annex IX Part A and B (EC, 2022). This included several new additions, among
which one proposed addition to Annex IX Part A that specifically offers a possibility
for energy crop production on marginal lands:

(t) Non-food crops grown on severely degraded land, not suitable for food and feed
crops.

In contrast, the proposed addition of another category to the list in Annex IX Part B,
which is subjected to a capped contribution, poses further limitations to the
possibilities for incentives to integrate energy crops into a crop rotation system with
food and feed crops:

(p) Intermediate crops, such as catch crops and cover crops that are grown in
areas where due to a short vegetation period the production of food and feed crops
is limited to one harvest and provided their use does not trigger demand for
additional land and provided the soil organic matter content is maintained.

In case this category is added to the Annex IX Part B feedstock list, the incentive
for fuel producers to source energy crops grown in such a set-up will be very weak,
as there are other feedstock categories on that list that are already widely used
and fill the capped contribution.

3.4 Need for more synergy between energy and agriculture
policy to serve the climate, environment and the biobased
economy

Neither policy on the supply side, the cultivation of feedstock, nor policy on the
demand side, sourcing bio-feedstock is providing sufficient incentives for the
adoption of energy crop cultivation practices on marginal lands or in crop rotations.

The overall objectives set by the EU give off a clear and positive signal to the
cultivation of energy crops, when considering the climate, environmental and social
benefits that energy crops can bring. The CAP’s overall approach, targeting the
supply side, is taking a result-oriented perspective and the fact that the policy’s
effectiveness is assessed on the basis of delivering on the abovementioned
objectives would suggest a promising future for energy crop cultivation in the EU.
However, the reality proves that this is insufficiently backed up by ambitious and
coherent implementation to provide the needed incentives to farmers. The RED,
targeting the demand side, is proving a strong impulse to demand for biomass
feedstocks, especially for those feedstocks subjected to a sub-mandate. At the
same time, its capped categories create an unfavourable situation for cultivation of
certain types of feedstocks. This make-or-break type of situation creates
uncertainty that prevents farmers from adopting new practices, such as including
energy crops in their rotation, and investors from developing crop cultivation on
marginal lands. This uncertainty is amplified by the possibility for feedstocks to be
moved from a list subjected to a sub mandate to a list subjected to a cap, with
changes being made to the Annex IX lists.

What is needed from policy is a more holistic strategy behind policy on different
topic areas. While dedicated policy on agriculture and dedicated policy on
renewable energy make sense from a practical point of view, they need to be
aligned in order to effectively contribute to realising the overall objectives.

We would strongly recommend the European Commission to focus on the following
policy actions:

e Stick to a result-oriented approach to the CAP and the assessment of the
policy on basis of key indicators.

¢ Improve the Good Agricultural and Environmental Conditions in the CAP
to be more clear and less open to interpretation.
These are minimum standards and should not be subject to interpretation by

23



Land-based biomass and energy crops

Member States. Apply a “Yes, unless” approach, obliging farmers to meet those
conditions while providing an opportunity for derogation only on a well-reasoned
argument backed up by evidence.

¢ Increase the ringfenced budget for eco-schemes and impose a more
stringent review of the Member States’ proposed eco-scheme measures.
Farmers rely on income support so this cannot be just taken away. However,
farmers should be supported by public money for delivering ecosystem services
just as well as for supplying food (if not more since food is paid for by the
consumer and ecosystem services are largely not).

o Develop clear and coherent rationale as a basis for imposing a sub
mandate or a cap on biofuels of a certain type in the Renewable Energy
Directive.

Sub mandates and caps can make or break business cases for biofuel
production and can boost or hinder activities in other sectors, such as
agriculture. Currently, the logic behind inclusion of certain feedstocks on one or
the other list, is far from clear and coherent. It is evident that policy should be
able to change over time. However, in order to protect investments and provide
stability and perspective for farmers (but technology developers as well), a clear
and coherent rationale is needed that forms the basis on which biofuels fall
under a cap or are stimulated by a sub-mandate. This rationale should not be
based on specific feedstock categories, but on the basis of what benefits the
feedstock cultivation is bringing in terms of social, environmental and climate
impact, and on basis of what technologies are used to process it (low TRL that
requires additional support to further develop, or high TRL which does not need
additional support).

e Support the possibilities for energy crop cultivation in set-ups that do not
compete for high value land by including them in a feedstock list with a
sub mandate, not in a capped feedstock list.

A dedicated market for energy crops can help unlock investments in energy
crop cultivation on marginal lands, which helps to rehabilitate these lands.
Moreover, they can convince farmers to adopt energy crops in a rotation with
existing crops, which helps to increase yields of the existing crops, while
improving soil quality. Finally, these energy crops provide valuable resources to
the biobased economy and they substitute fossil resources from which we need
to break away.

3.5 Market mechanisms: Crop insurance schemes for energy
crops

Crop insurance schemes have been used for many years, but hardly any scheme
exists specially regarding energy crops. Some recent work in that respect shows
the positive role crop insurance could play in the deployment of energy crops (see
for instance USDOE, 2023). More efforts are needed to address the gap in energy
crop insurance, in particular due to the increasing threats of climate change, in
particular extreme weather events such as droughts and floods. This would require
partnerships between insurance providers and bankers, with government backing,
like in the case of United States Department of Agriculture’s Risk Management
Agency (USDA, 2021).
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Conclusions

Residues and waste streams alone will not be enough to satisfy the future biomass
demand. New avenues to unlock the biomass potential must be explored and
facilitate a transition towards a new production cluster. One of the feedstock base
with high potential is achieved through dedicated cropping of land-based biomass
which is required to satisfy the rising demand. However, land systems are dynamic
and are at the mercy of many factors such as human activity and climate variations
which renders decision making around their sustainable use inherently complex.
Although the notion of land availability for the production of bioenergy is often a
concern, this technical note argues that land availability is not an issue. The main
challenge is how can the production of bioenergy be expanded onto land in a way
that is sustainable.

Many land aspects are important to take into account when considering the
production of land-based bioenergy. Focusing on one issue such as ILUC is not
productive. Although concerns around potential ILUC risks have for long shaped
the debate, low ILUC practices are already known and include measures accepted
by the European Commission. The technical note highlights the many options for
the production of land-based biomass; either through 1) the use of productive land
with energy crops or annual crops (i.e. intercropping, cover crops) integrated in a
crop rotation with food crops or 2) the use of energy crops (i.e. perennial crops) on
surplus land not suitable for food production. An integrated approach is required by
the multiple stakeholders involved in the decision-making process where the
synergies and different land management goals can be optimised.

The key findings and recommendations are the following:

e Developing appropriate policies and practices to meet the worldwide demand
for bioenergy in a sustainable manner must consider context specific conditions
in evaluating synergies and trade-offs.

e More knowledge on cover crop agronomy and economics as well as site-
specific cover crop approaches are needed, even more regarding energy ones.

e The use of energy crops on marginal land is not sufficiently known. Longer
projects and more commercial-scale ones are therefore needed to overcome
this research weakness.

e The main advantages of perennial energy crops lie in their low production costs
(not always the case for short rotation coppice though), suitability to marginal
lands, relative low water needs, low nutrient and agrochemical requirements,
and positive environmental benefits.

e Compared to productive agricultural land, marginal land is usually at a
disadvantage from two standpoints: can compete in terms of financial
profitability and marginal lands can be used for other purposes besides
bioenergy feedstocks. Therefore, judicious choices must be made between
different possible uses of marginal land. This requires a science-based
integrated approach that considers not only climate change mitigation but also
all land use change-related environmental and socio-economic aspects, as well
as an all-inclusive decision-making process where local stakeholders should
play a key role.

e Priority should be place on the large-scale implementation of energy crops for
which there is sufficient farm-level and commercial scale experience on
productive land either in the form of annual crops in existing crop rotations or
perennial crops.

e Strengthening knowledge and data about the agronomic feasibility and
sustainability of both non-food annual energy crops as part of crop rotations on
productive land and perennial energy crops on marginal land

e More broadly, implementing good sustainable land use practices in the
deployment of energy crops is a ‘no regret’ way to promote the deployment of
energy crops.
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