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Abstract
A list of near-to-practice non-food crops (NFCs) is shortlisted as a part of task 1.2. These crops are further
evaluated based on the literature and stakeholder input from project partners, as a part of task 1.3, using
three guiding criteria agreed in the project. These are: a) productivity and ability to be grown using existing
machinery; b) ability to produce feedstock for multiple markets and c) sustainability and profitability. Each of
these criteria facilitated understanding the strength and opportunities of near-to-practice NFCs. Indicators
from the Common Agricultural Policy (CAP) and other sources are further assigned to the criteria to better
evaluate the crop performance in terms of strengths and opportunities in quantitative, qualitative as well as
descriptive terms.
The future opportunities for the selected crops are also presented, in the context of two European Directives
– Renewable Energy Directive and Indirect Land Use Change Directive, and the European Bioeconomy
Strategy.
The analysis also disaggregates NFCs to lignocellulosic, carbohydrate, oil and specialty crops.
The analysis performed under task 1.3 indicates that near-to-practice lignocellulosic crops which have high
yields, low input requirements, can be grown in marginal land conditions and can be used to produce
industrial bio-based raw materials and second-generation bioenergy and biofuel. They help reduce GHG
emissions, meet renewable energy targets set under European Directives. In addition to this some
lignocellulosic crops (like cardoon, switchgrass, willow) have shown ecological benefits of phytoextraction
and soil remediation which improves the soil fertility and some crops (like miscanthus) to increase wildlife
biodiversity.
Carbohydrate crops (like sugar beet) are also high yielding, nitrogen and radiation efficient crops with wide
ecological adaptation capabilities. They have potential for rural development and support farmers of both
small and large scale as they can be used for both conventional and advance biofuels, biomaterials and
bioenergy. In case of food scarcity, the carbohydrate crops can also be redirected towards food uses. All
these make selected carbohydrate crops (sweet sorghum, triticale, sugar beet, etc.) ideal crops for
supporting the European Bio economy Objectives.
Similarly, oil crops have an advantage of short rotation cycles and they have high oil content making them
suitable crops to meet the targets set under European Directives and the Bioeconomy Strategy. Oil crops
such as rapeseed, sunflower and soy are very important feedstock for food, feed and biofuels in Europe at
the moment while there are also non-food oil crops (camelina, hemp, rapeseed, castor, safflower, sunflower,
crambe, lupin, etc.) which are near to practice and can serve as feedstock for several sectors within the
European Bioeconomy.
Specialty crops (lavender, calendula, peppermint, rosemary etc.) have potential to be grown in both smalland large-scale farms. These specialty crops have good yielding capacity, available propagation material
and mechanization systems making them easy to adopt by farmers while there is also an interest from biobased
industries.
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1. Introduction
Cultivation of non-food crops (NFCs) and their use for bioenergy and bio-based products
could be a significant outlet to climate change, rural development and energy security.
Production and supply of such crops is of interest to all bioeconomy sectors. According to
1
The Circular Economy and the Bioeconomy report, the European bioeconomy is a resource
intensive sector in which agriculture constitutes 63% of the total biomass supply and forestry
36% (EEA, 2018). Regarding biomass uses, food and feed accounts for 62% of the total EU
biomass use whereas biomaterials accounts for 19% and bioenergy for 19% (EEA, 2018).
Furthermore, innovation in biorefinery processes has increased the possibilities diversifying
the biomass end-uses (IEA Bioenergy 2014a) and the support for advanced biorefineries
2
also allows (1) cited in EEA 2018) the use of whole crops for multiple end uses.
The production of NFCs can therefore broaden the European biomass supply base to
support the resource intensive bio-based products and bio-energy industries. NFCs
cultivated under sustainable conditions can be valorised for multiple end uses whilst
contributing to reducing environmental impact and increase socio-economic benefits.
The main aim of PANACEA (PAth of Non-food Agricultural Crops into European Agriculture)
network is to highlight the role of NFCs in rural renaissance, disseminate knowledge of near
to practice applicable cases of non-food crops (NFCs) and facilitate cooperation between
research, industry and farming community This will facilitate the increased contribution of
non-food crops to the European Bioeconomy.

PANACEA project’s definition of NFCs are crops which do not enter the food chains and
are used to produce wide range of bio-based products like polymers, lubricants,
construction materials, pharmaceuticals as well as bioenergy and biofuels. NFCs and their
residues have exhibited both opportunities as well as challenges to penetrate the
European Agriculture and European bio-economy sphere. A wide range of NFCs
plantations can be found in Europe, targeting the production of bio-based products and
bioenergy. Near-to-practice NFCs are those crops which have shown scientific results with
potential of sustainable production, readily available market of propagation materials like
seed and seedlings and recognized interest from bio-based industries to use the feedstock
from
NFCs.

1

EEA, 2018 EEA Report No 8/2018 The Circular Economy and the Bioeconomy- Partners in Sustainability
https://www.eea.europa.eu/publications/circular-economy-and-bioeconomy
2

(Rönnlund, 2014 #148)
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2. Methodology
The main objective for this task is to identify strengths and opportunities for the near to
practice NFCs, as identified under Task 1.2 for the following criteria:
a) productivity and ability to be grown using existing machinery
b) ability to produce feedstock for multiple markets
c) sustainability and profitability
The outputs of the task will provide input to the overall SWOT analysis of Task 2.3 and will
guide the roadmap development in Task 3.4 for a successful introduction of the near to
practice NFCs into current agricultural activities in Europe and the participating countries.

Figure 1. Flow diagram of workflow for Tasks 1.3
The work presented is a desk study review which capitalized on Deliverables 1.1 and 1.2 as
well as on discussions with project partners.
Over the project period, the ongoing stakeholder’s consultation and feedback during the
national value chain events provided input and validated the strength and opportunities
identified under this task.
To ensure the appraisal of strengths and opportunities provides a framework that is fit for
future policy recommendations, in the foreseen roadmaps (Task 3.4), the analysis presented
in the report is further linked to:
 Impact indicators of the Common Agricultural Policy to identify strengths of the near
to practice NFCs
 Objectives of the European Bioeconomy Strategy to identify opportunities for the
near to practice NFCs
 Sustainability of Renewable Energy Directive (RED II) and ILUC Directive to identify
opportunities for the near to practice NFCs
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Common Agricultural Policy
3

The European CAP has sixteen impact indicators (as shown in Figure 2 below) and the
different color indicates the impact on different sustainability pillars, which is blue for
economic, green for environmental and yellow for social. All these indicators aim to provide
the monitoring and evaluating framework for the European CAP and are not directly related
to the strength and opportunities analysis for crops.

Figure 2. CAP indicators categories according to the sustainability dimensions (in
green environmental measures; in blue economic and in yellow social)
For the work presented in this report the number of indicators has been narrowed down to
nine:
-Agricultural entrepreneurial income
-Total factor productivity in agriculture
-Emission from agriculture
-Water abstraction in agriculture
-Water quality
-Soil organic matter
-Soil erosion by water
-Rural employment rate
-Rural GDP per capita
The rationale of choosing these indicators to align strengths and opportunities of near to
practice NFCs with CAP impact indicators is that these crops are or will be agricultural
commodities and any planning, regulation and support will be developed under the
framework of the Common Agricultural policy at EU or national level.
Further to this, there are available statistical datasets and projections from either CAP
databases, EUROSTAT, FAOSTAT, JRC (Joint Research Centre) etc. So, the analysis can
be based to data that are easy to measure, sensitive to change in system (example crop

3

CAP Impact Indicators 2014-2020. https://ec.europa.eu/info/files/impact-indicator-fiches_en. CAP Impact
indicators in the common monitoring and evaluation framework of CAP measure the impact of policy interventions
for the longer term and when there are effects beyond the immediate period.
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yield, crop types, input requirements, agricultural practices) and can be adequate since they
4
account for the overall socio-economic and environmental analysis (3).

European Bioeconomy Strategy

5

Under the framework of the European Bioeconomy Strategy production of non-food crops
and its use as feedstock for bio-products and bio-energy is promoted as the way forward to
reach the overall climate and energy targets. Based on their identified strength and
opportunities, we will also assess the potential of each crop category (lignocellulosic,
carbohydrate, oil and specialty) to address the five objectives of the European Bioeconomy:






Ensuring food and nutrition security
managing natural resources sustainably,
reducing the dependence on non-renewable, unsustainable resources,
mitigating and adapting to climate change,
strengthening European competitiveness and creating jobs.

Renewable Energy Directive (RED) 2009/EC/28

6

The European Commission’s 2009 RED was revisited in 2018 and a revised RED II was
released which has set a new binding target of 32% renewables by 2030. By setting this new
ambitious target RED II has set a framework to uptake the renewables across all sectors.
RED II has defined a new list of feedstocks under RED Annex IX, Part A, which are
feedstocks from domestic, agricultural, forestry and industrial residues, algae and energy
crops. These feedstocks when used to produce biofuels they qualify for double counting
towards the binding target. RED II creates opportunity for the non-food crops to reduce
dependence on non-renewable sources of energy, reduce greenhouse gas emissions and
create more economic opportunities.
This report presents an overview of opportunities provide by REDII for the under-study
NFCs.

Indirect Land Use Change (ILUC) Directive (EU) 2015/1513

7

The Renewable Energy Directive (RED) and the Fuel Quality Directive (FQD) both provided
the EU-wide sustainability framework for biofuels and bioliquids. These directives were
amended with the ILUC Directive (EU) 2015/1513 which came into force in October 2015
and it includes an obligation to review the impact of ILUC and GHG emissions associated
with biofuels. This directive outlines the certification schemes for biofuels with low ILUC to
promote the use of low ILUC biofuels.

4

Dale, V. H., & Polasky, S. (2007). Measures of the effects of agricultural practices on ecosystem services.
Ecological economics, 642. Crops2Industry. Crops2Industry Project Final report. Non-food Crops-to-Industry
schemes in EU27 2012., 286-296.
5
European Union E. A sustainable bioeconomy for Europe: strengthening the connection between economy,
society and the environment. https://ec.europa.eu/research/bioeconomy/pdf/ec_bioeconomy_strategy_2018.pdf. In:
Commission E, editor.: Directorate-General for Research and Innovation 2018.
6
EC European Commission. (2009). Directive 2009/28/EC of the European Parliament and of the Council of 23
April 2009 on the promotion of the use of energy from renewable sources and amending and subsequently
repealing Directives 2001/77/EC and 2003/30. Official Journal of the European Union Belgium.
7
ILUC Directive (EU) 2015/1513 (European Parliament, 2015) came into force on October 5, 2015, amending the
Renewable Energy Directive and the Fuel Quality Directive. European Parliament (2015). Directive (EU) 2015/1513
of the European Parliament and of the Council of 9 September 2015 amending Directive 98/70/EC relating to the
quality of petrol and diesel fuels and amending Directive 2009/28/ EC on the promotion of the use of energy from
renewable sources.
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In this report we will also consider opportunities provided by this directive to promote nonfood crops.

What are near to practice crops?

8

“Near-to-practice non-food crops are those crops which have shown scientific results with
potential of sustainable production, readily available market of propagation materials like
seed and seedlings and recognized interest from bio-based industries to use the feedstock
derived from NFCs”.
The deliverable D1.2

9

presented the list of 26 near-to-practice NFCs which can are

recognized as suitable crops to grow in different regions of Europe.
1. miscanthus (L),
2. giant reed (L),
3. Ethiopian mustard (carinata) (O),
4. rapeseed HEAR (O),
5. crambe (O),
6. cardoon (L/O),
7. hemp (L/O),
8. eucalyptus (W),
9. sunflower (O),
10. switchgrass (L),
11. poplar (W),
12. willow (W),
13. sorghum (L/C)
14. sugar beet (energy beet) (C),
15. camelina (O),
16. flax (O/L),
17. reed canary grass (L),
18. black locust (W),
19. castor (O)
20. safflower (O)
21. guayule (S)
22. Russian dandelion (S)
23. rosemary (S)
24. peppermint (S)
25. lavender (S)
26. triticale (C)
27. kenaf (L)
28. calendula (S)
29. lupin (C/O)

8

Definition of near-to-practice crops came from Deliverable D1.2 Inventory of near-to-practice NFC which was
agreed in collaboration with PANACEA partners.
9
Deliverable D1.2 Inventory of near-to-practice NFC
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(L= lignocellulosic herbaceous species; O= oilseed crops; W=lignocellulosic woody species;
C= carbohydrate crops, S= specialty crops)
In addition to this list of near-to-practice NFCs identified in D1.2, country partners of
PANACEA have identified a few additional crops which are considered near-to-practice in
their own country (see annex II). This process of selection of near-to-practice crops from
stakeholders’ contribution is also important because we increase the chances of recognizing
crops which have are doing well in small scale in their niche market but not yet known at
wider scale. These additional crops will not be included in the list of PANACEA’s near-topractice for now as we need additional research and demonstration to study their feasibility
in other countries with similar soil and climatic conditions.
Lignocellulosic crops
10

All structural parts of crops which contain fibre are considered lignocellulosic biomass :
Lignocellulosic biomass can be sourced from wood and grasses, side streams or waste
biomass from other crop production and energy crops. Lignocellulosic crops include woody
species like (willow, poplar, eucalyptus), grass or herbaceous species (miscanthus,
switchgrass, reed canary grass), fiber species (hemp, flax), side streams from horticulture
production, crops like sugarcane, corn stover and tree prunings.
Lignocellulosic biomass is composed of polymers like cellulose, hemicellulose and lignin.
cellulose and hemicellulose are the carbohydrate polymers which can be fermented for its
uses in paper and pulp industry and as biofuels. Targeted pre-processing allows the
hydrolysis of lignocellulose into fermentable sugars and other semi-finished or end products,
such as packaging materials.
Lignocellulosic crops listed in Table 1 have been selected as near to practice NFCs by the
project partners.
Table 1. Selection of near-to-practice lignocellulosic crops by country partners
Selection made by the country partners
Crops

GR

IT

ES

NL

UK

FR

PT

PL

LT

RO

Poplar (Woody)
Miscanthus
Willow (Woody)
Cardoon
Switchgrass
Giant Reed
Eucalyptus
(woody)
Hemp
Kenaf

10

https://www.wur.nl/en/Research-Results/Research-Institutes/food-biobased-research/Researchthemes/Biorefinery/Lignocellulosic-crops.htm
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Black
Locust
(Woody)
Reed
Grass

Canary

Carbohydrate crops
11

Carbohydrate crops include species with a range of compounds from simple sugar
(monosaccharides) to sugar alcohols (oligosaccharides) to more complex starch and nonstarch (polysaccharides). These compounds are stored in crops in different forms can be
extracted through various processes. Cereals, legumes, root crops, sugar crops, vegetables,
fruits are different kinds of carbohydrate crops.
In Europe, at present, the major carbohydrate sources are wheat, maize (corn), sugar beet,
potato, barley, rice, sweet sorghum and chicory although only a small proportion of the total
grown area is for industrial purposes.

Table 2. Selection of near-to-practice carbohydrate crops by country partners
Selection made by the country partners
Crops

GR

IT

ES

NL

UK

FR

PT

PL

LT

RO

Sugar beet
Triticale
Sorghum
Lupin

Oil crops
12

Oil crops include both annual (usually called oilseeds) and perennial plants whose seeds,
fruits or mesocarp and nuts are valued mainly for the edible or industrial oils that are
extracted from them. Only 5-6 percent of the world production of oil crops is used for seed
(oilseeds) and animal feed, while about 8 percent is used for food. The remaining 86 percent
is processed into oil
Table 3. Selection of near-to-practice oil crops by country partners
Selection made by the country partners
Crops

GR

IT

ES

NL

UK FR

PT

PL

LT

RO

Camelina

11

Definition of carbohydrate crops from FAO. www.fao.org/3/W8079E/w8079e0g.htm Global trends in production
and consumption of carbohydrate foods
12
Definition of oil crops from FAO. www.fao.org/es/faodef/fdef06e.htm Oil-Bearing Crops and
Derived Products
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Hemp
Rapeseed (HEAR)
Castor
Safflower
Flax
Sunflower
Crambe
Ethiopian mustard
Lupin

Specialty crops
13

Specialty crops are defined by USDA as “fruits and vegetables, tree nuts, dried fruits and
horticulture and nursery crops, including floriculture.”
The legal definition of specialty crops is, however, intimately tied to the definition of
horticulture and its various components. Horticulture is defined as that branch of agriculture
concerned with intensively cultivated plants that are used by people for food, for medicinal
purposes, and for aesthetic gratification. Horticultural plants are commonly divided into those
that are edible, those that are used for culinary or medicinal purposes, and those that are
used for ornamental or aesthetic purposes.

Table 4. Selection of near-to-practice specialty crops by country partners
Selection made by the country partners
Crops

GR

IT

ES

NL

UK

FR

PT

PL

LT

RO

Lavender
Guayule
Calendula
Peppermint
Rosemary
Russian
Dandelion

This report analyses the strengths and opportunities per crop category. In the final update
the analysis will built on the information collected from the national and European events and
will be performed by individual crop and by partner country.

Indicators
13

Definition of specialty crops from USDA.
https://www.ams.usda.gov/sites/default/files/media/USDASpecialtyCropDefinition.pdf
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Table 5 below, describes the selected CAP indicators as well as additional indicators, the
rationale for their selection and the measuring units.
The economic indicators (blue) like total factor productivity, rural GDP per capita, are
expected to highlight the competitiveness of the NFCs biomass-based market versus the
conventional fossil-fuel based market.
Environmental indicators (green) are expected to highlight the crops varying land, water,
nitrogen and nutrient requirements to give the maximum yield in the given climatic and soil
conditions. In addition to that indicators like GHG emission and ecological benefits will help
assessing the impact of the production of crops in their environment.
Furthermore, NFCs cultivation creates opportunities for new jobs leading to increased rural
employment and agricultural entrepreneurial income. These are socio-economic indicators
(yellow) which will help understanding their impact on rural development.

Table 5. Selected economic, environmental and social sustainability indicators that relates to
the three criteria proposed in the project.
Criteria for Relevant
Definition
screening
Indicators
(CAP indicators
NFCs
are in bold and
underlined)
Crop productivity

productivity
and ability of
Total
factor
to be grown
productivity
at
large
scale using
existing
machinery

Rationale
selection of
indicator

of Unit
this

Productivity
is
measured as crop
yield per hectare of
cultivated
area,
and
total
production costs.

The indicator is Tonne/ha/yr
crucial for farmers
and entrepreneurs
to make decision
on choice of crops
for cultivation.

Total
factor
productivity (TFP)
compares
total
outputs relative to
the total inputs
used in production
of the output

This indicator will Tonne/ha/yr
help us farmers
and
local
entrepreneurs
to
make investment
decisions.
Depending on the
productivity of the
crop
they
can
decide
to
investment
on
crops which has
good
economic
return.
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Technological
Readiness Level
(TRL)
will be
measured
by
following
the
methodology of
TRL assessment
as
done
in
deliverable D1.2.

ability
to Identified
produce
industrial
feedstock
uses
for multiple
markets

TRL has a scale 1
to 9. TRL 1 is the
lowest, indicating
the earliest stage
of
development
when
crop
production is at the
research
scale.
Similarly, TRL 9 is
the
highest,
indicating
crop
production is at the
industrial scale and
has the capacity to
support
the
demand of the biobased industry.

This indicator gives
end us
an
understanding of
possibility
of
market expansion.

Sustainabilit
y
(Environme
ntal)

Soil
organic The
indicator
carbon level
estimates the total
organic
carbon
content in arable
soils.

Sustainabilit
y
(Environme
ntal)

Soil erosion by This indicator gives
water
estimated rate of
soil loss by water
erosion
and
estimated
agricultural
area
affected
by
a
certain rate of soil
erosion by water.
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This indicator will TRL 1-9
help
farmers
understand
the
level of innovation
regarding
crop
cultivation and land
management
practices.

In global market Yes/No
(e.g. energy/fuels)
there are emerging
opportunities find
possible end-uses
of
NFCs
and
consumer demand
for these end-uses.
Therefore, it is
important
to
understand
the
potential
of
production
and
trade
these
feedstocks as the
demand rises.
This
indicator percentage
depends
the
inherent quality of
the soil but also
depend on the crop
choice,
land
management
practices,
water
holding and carbon
exchange capacity
of the crop.
Tonne/ha/ye
ar
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Sustainabilit
y
(Environme
ntal)

Water
abstraction
agriculture

Sustainabilit
y
(Environme
ntal)

Water Quality

Sustainabilit
y
(Environme
ntal)

GHG emission This
indicator
from agriculture measures
GHG
emission
from
agriculture
and
agriculture soils

This
indicator tonnes of CO2
depends on the N2 equivalent
fertilizer used, crop
choices,
management
practices and fossil
fuel
used
for
production

Sustainabilit
y
(Environme
ntal)

Ecological
Benefits

Soil
remediation
and
Descriptive
phytoextraction,
soil
compaction,
nitrogen
fixation,
reduction in pests
and nematodes are
some
of
the
ecological
beneficial qualities
of crops that can
be assessed to
understand crops
positive impact on
biodiversity.

This
indicator
in refers
to
the
volume of water
which is applied to
soils for irrigation
purposes.
Water
use
efficiency
(WUE)
gives
information
on
water abstraction
to produce crops.

Percentage

The water quality
indicator shows the
potential impact of
agriculture
on
water quality due
to
pollution
by
nitrates
and
phosphates.
(4)
depends on the
crop
choice,
management and
harvesting
practices,
eutrophication,
nutrients
availability.

Percentage

This
can
be
measured
by
looking
at
the
potential of crops
for soil remediation
and
phytoextraction
which improves the
overall ecology of
the soil and as a
result has positive
impact on the local
biodiversity
and
land conservation
status.
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Sustainabilit
y
(socioeconomic)

Agricultural
entrepreneurial
Income

This
indicator
measures
the
income
derived
from
agricultural
activities that can
be used for the
payment of own
production factors,
i.e.
non-salaried
labour on farm,
land belonging to
the
agricultural
holding and own
capital.

Sustainabilit Rural
This
indicator
y
(socio- employment rate measures the total
economic)
employed people
(15-64) in thinlypopulated areas.
Profitability

Rural GDP per This
indicator
capita
measures
the
purchasing power
standard of the per
inhabitant of the
rural area.

18

This
is
an EUR/Annual
important indicator Work
Unit
for farmers to help (AWU)
them in the choices
of crops.

Rural
development,
capacity building,
employment
for
local people

Number
of
Full-time
employments
per tonne of
biomass

This indicator will PPS
help us understand capita
the farmers income
as well as the
economic
development
activities

per

3
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3. Strengths and opportunities of the near to practice non-food
crops
This section presents the strengths and opportunities for each near to practice non-food crop category for
the following criteria:
a) productivity and ability to be grown using existing machinery
b) ability to produce feedstock for multiple markets
c) sustainability and profitability

a) Productivity and ability to be grown using existing machinery
Crop productivity is measured as total crop yield (feedstock for main product and residues) per
hectare of cultivated area, and total production costs.
Ability to be grown at larger scale using existing machinery is measured as the technological
readiness level (TRL) of the crop production to be increased without any further innovation. TRL has
a scale 1 to 9. TRL 1 is the lowest, indicating the earliest stage of development for a new technology, and
TRL 9 is the highest. This indicator will help farmers understand the level of innovation regarding crop
cultivation and land management practices. This deliverable also follows the deliverable D1.2 TRL
assessment method which is done by focusing on the following five characteristics which are specific to each
crop:
i) production level,
ii) suitability to different climatic conditions in Europe,
iii) availability of propagation materials,
iv) availability of mechanization systems,
v) recognized interested from the bio-based industries.
TRL >7 for crops which are already produced at the industrial scale and meet the commercial demands of
the bio-based industries. TRL is between 5-7 when the crop production is the at the demo scale. TRL 3-5 is
for crops which are moving from research scale to production development stage. Similarly, TRL<3 is for
crops which are undergoing basic research.
Total factor productivitydepends on total input costs, land use and labor in comparison to the value
created by the outputs. Total factor productivity (TFP) is a key measure of the economic performance of
agriculture and an important driver of farm incomes. This indicates how efficiently the agricultural sector uses
the resources that are available to turn inputs into outputs. The input costs come from varying land
management practices, irrigation, fertilizer, pesticide and herbicide requirements, machinery and propagation
materials for cultivation. The output is the crop yields and feedstock productivity and it also on depend on the
cultivation system, input levels, bioclimatic conditions, and overall land suitability.
The performance of the individual crop categories in terms of strengths and opportunities are presented
below.
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Table 6. Overview of the strengths and opportunities for the four crop categories in terms of their productivity
and ability to grow using existing machinery

Indicators

Lignocellulosic

Crop Productivity

TRL

TFP

Strengths (internal)

Opportunities (external)

Lignocellulosic
crops
have
shown
potential of high crop yield even in
marginal soil and climatic conditions, thus
making it suitable NFCs for marginal
lands.

The
high
crop
yield/crop
productivity
and
total
factor
productivity make lignocellulosic
crops suitable feedstock to meet
the growing demand of biofuel
industry by taking advantage of the
opportunity created by
RED II 2009/EC/28 and
ILUC Directive (EU) 2015/1513.
Lignocellulosic crops offer the
possibility of diversifying the
feedstock choices for bioenergy
and second-generation advanced
TRL level of lignocellulosic crop with biofuels. There is a potential for
respect to the production level is TRL>7, agriculture biomass to replace the
which means the crops are already forest biomass in near future(5).
produced at industrial scale and available
Lignocellulosic crops can address
for commercial purposes.
Similarly, TRL level with respect to the the following objectives under
availability of propagation materials and European Bioeconomy Strategy:
mechanization systems of cultivation and  reducing the dependence on
non-renewable
and
harvesting some lignocellulosic crops like
unsustainable
resources
miscanthus, poplar, willow TRL>7.
However, for other crops like giant reed,  mitigating and adapting to
climate change
reed canary grass, black locust TRL is 57.
Perennial grasses are seen as a
Lignocellulosic crops exhibit high total leading feedstock for bioeconomy
factor productivity. They are low-cost thus there are several opportunities
feedstock which can grow in marginal for further research in breeding,
land conditions and variable climatic agronomy, postharvest logistics,
conditions,
they
have
low-input and bioconversion to improve the
requirements, increase soil quality and biomass quality and achieve the
biodiversity and can produce high-value potential yield (6).
added products (like biopharmaceuticals,
nutrient supplement, biopolymers)(7).
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Crop Productivity

Carbohydrate crops yield is comparable
among crops like sweet sorghum, sugar
beet and triticale in a range of 47- 59 t/ha.
However, the sugar/starch yield is higher
in the case of sugar beet and triticale i.e.
6-9.5 t/ha and slightly less for sweet
sorghum i.e. 3-4 t/ha ((Goyal et al., 2011),
(Joseph A. Linton et., al, 2010)}.

Carbohydrate

For crops like sweet sorghum which has
short crop cycle (3-4 months) productivity
and land use efficiency can be further
increased by growing in rotation with
other crops like groundnut (Ma, O.et al,
2006).

TRL

TFP

High crop productivity and total
factor
productivity
makes
carbohydrate crops suitable option
for
biobased
materials
and
bioenergy (biomethane).
Some carbohydrate crops have
higher yields for biomethane
compared to lignocellulosic crops
as lignocellulosic crops must go
through pre-treatment process like
hydrolysis before the anaerobic
digestion process(8). Therefore,
carbohydrate crops have an
advantage as a feedstock for
biomethane.

Carbohydrate crops like triticale, sweet
sorghum and sugar beet which have a
high yield potential and high starch
Carbohydrate crops can address
content
are
ideal
for
bioethanol
the following objectives under
production(8).
European Bioeconomy Strategy
 Ensure food and nutrition
security as the carbohydrate
TRL of carbohydrate crops like sugar
crops can be redirected to food
beet and sorghum based on its production
uses in case of acute hunger
level, availability of propagation materials
or food crisis.
and mechanization systems TRL is >7.  reducing the dependence on
Similarly based on the production level
non-renewable unsustainable
TRL for triticale is 5-6 but in terms of
resources,
availability of propagation materials and  mitigating and adapting to
mechanization systems TRL is >7.
climate change
.
Carbohydrate
crops
have
higher
production cost in comparison to the
lignocellulosic perennial crops. In order of
production cost from high to low- willow,
poplar, miscanthus, sugar beet and
rapeseed(9). They are high yielding crops
which is resource (land, water and
nutrient) use efficient and resistant to pest
and diseases. Carbohydrate crops total
factor productivity is contingent on the
exploitation of the waste streams of
production chains. Therefore, valorization
and using the innovative technologies to
optimize the waste streams would make
feedstocks from carbohydrate NFCs
commercially viable and total factor
productivity can be increased.
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Crop Productivity

TRL

TFP

Oil crops have lower crop productivity
compared to the lignocellulosic and
carbohydrate crop categories. They are
can grow at varying scale (small- large)
and have high adaptability to varying soil
and climate conditions

The oil crops with very high oil
content and high biomass (hemp,
rapeseed, safflower) can be used
for bio lubricants, biochemicals,
biodiesel, etc. thus addressing the
other European Bioeconomy
objectives:
 reducing the dependence on
non-renewable, unsustainable
Based on production level, availability of
resources,
propagation materials and mechanization
 mitigating and adapting to
systems TRL for rapeseed (high erucic
climate change,
acid rapeseed) is >7. However, for other
oil crops like Ethiopian mustard, cardoon, Non-food crops (like hemp, castor,
crambe TRL is between 5-7 based on the camelina) have the potential to
production level and between 3-5 based replace the use of food oil crops in
on the availability of propagation biofuels production and meet the
materials.
targets set under
RED II Directive and ILUC
Oil crops like sunflower and rapeseed Directive. Residues of the food oil
require modest-cost investment since crops (like sunflower, rapeseed)
they already have established cultivation can also be used in advance
and agronomic practices in place. This biofuel production.
has positive impact in their total factor
productivity.
They can be grown at variable scales
(small- large) and have high adaptability
to several soil and climate conditions.
Rapeseed, sunflower and camelina are
also tolerant to drought conditions.
They have multiple industrial end-uses
already identified which means the value
creation from non-food uses is also high.

Oil

Oil crops (like rapeseed, sunflower
and hemp) can be grown in
intercropping system with other
crops making them ideal crop for
rotation practices to increase the
productivity of the food crops.
Thus, they have potential to
address the key objectives under
European Bioeconomy:
 Ensure food and nutrition
security
 managing natural resources
sustainably

They have varying production costs
across different regions and farm unit.
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Crop Productivity

TRL

Specialty

TFP

Specialty crops productivity/crop yield Specialty crops are found to make
varies widely, and they are usually grown profitable income for small scale
farmers. They also have potential
in small scale by farmers.
to make non-marketable positive
impacts like improved soil fertility
and ecosystem services (like weed
TRL of rosemary, peppermint, lavender is control and pollinator attraction
5-7 based on production level, availability etc.) and are much harder to
of
propagation
materials
and quantify
in
monetary
value
mechanization systems. There are also (Swinton et al.,2007).
specialty crops like Guayule, Russian
dandelion for which TRL is 3-5 as their Specialty crops thus have potential
productions are still done at research to make impact in some of the
European
Bioeconomy
level.
objectives:
Specialty crops has varying production  managing natural resources
sustainably,
costs and value created by the output
European
products is based on their different  strengthening
competitiveness and creating
industrial applications.
jobs.
A study done in Colombia (Moncadaa, J.
et al, 2016) shows that the total
production cost of rosemary oil varies
from 6.57 -9.34 $/kg under different
scenarios). Thus, this range in production
cost changes the TFP of the rosemary
crop.

b) Ability to produce feedstock for multiple markets
Identifies possible industrial end-uses of the feedstock and their ability to produce feedstock for multiple
markets. This indicator helps us understand the possibility of market expansion and ability of the crop
to fulfill the demand of the bio-economy as it expands.

The NFCs uses are categorized as:
 Pharmaceuticals (crops used for health or medicine purposes)
 Polymers (crops used for natural plastic, rubber)
 Lubricants, surfactants (crops used for waxes, coatings)
 Building and construction materials (crops used for insulation, resources for building materials etc.)
 Composites (crops used as fibers, combined materials, including textile and paper)
 Bioenergy (crops used for electricity and heat production and biofuels)
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Carbohydrate

Lignocellulosic

Table 7. Overview of the strengths and opportunities for the four crop categories in terms of their identified
industrial end-uses and possibility of market expansion.
Strengths (internal)

Opportunities (external)

Lignocellulosic crops can produce highvalue
added
products
(like
biopharmaceuticals,
biopolymers),
composites for fibers, raw materials for
paper and pulp industry and bioenergy.

Lignocellulosic crops have the potential to expand the
advanced biofuels market under RED II Directive and
ILUC Directive.

Carbohydrate crops can be used for
biofuels
market,
bioenergy,
biopharmaceuticals,
polymers
for
bioplastics.

Carbohydrate crops have potential to contribute in the
following European Bioeconomy objectives:
 Ensure food and nutrition security
 reducing the dependence on non-renewable,
unsustainable resources,
 managing natural resources sustainably,
 mitigating and adapting to climate change,
 strengthening European competitiveness and creating
jobs

They also have potential to contribute in the following
European Bioeconomy objectives:
 reducing the dependence on non-renewable,
unsustainable resources,
 mitigating and adapting to climate change,
strengthening European competitiveness and creating
jobs.

Oil crops have multiple industrial end- Non-food oil crops like camelina, castor, hemp, crambe
uses
like
lubricants,
cosmetics, safflower have potential to grow the feedstock necessary
biochemicals, and bioenergy.
for advance biofuels production. Thus, taking advantage
of the opportunities created under RED II and ILUC
Directive.

Specialty

Oil

Oil crops have also potential to contribute in the following
European Bioeconomy objectives:
 managing natural resources sustainably,
 reducing the dependence on non-renewable,
unsustainable resources,
 mitigating and adapting to climate change,
 strengthening European competitiveness and creating
jobs.
Specialty crops have multiple valueadded end uses like medicinal,
biochemical,
ornamental
and
cosmetics. They also have nonmarketable uses, for example they
reduce
the
pesticides
usage
(calendula) and improves the soil
fertility (red-clover) and acts as weed
control and pollinator (red-clover) but
the economic value created by these
end uses is hard to quantify (Swinton et
al.,2007).

Specialty crops have potential to contribute in the
following European Bioeconomy objectives:
 managing natural resources sustainably,
strengthening European competitiveness and creating
jobs
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c) Sustainability
Sustainability of crop production can be assessed using indicators from all three sustainability pillarsenvironmental, social and economic.

Environmental Indicators
Soil organic carbon level is the indicator which estimates the total organic carbon content in arable soils.
This indicator depends on the inherent quality of the soil but also depend on the type of plant/crop cover,
land management practices/ cultivation practices, water holding and carbon exchange capacity of the crop,
drainage status of the soil and weather conditions.
Lignocellulosic crops have ability to increase the soil carbon level because of their deep rooting system and
high amount of litter from leaves and stem. Carbohydrate crops and oil crops also has ability to increase the
soil carbon level if the good land management practices are followed. Some nitrogen fixing specialty crops
like red clover can also increase the soil carbon level.

Carbohydrate

Lignocellulosic

Table 8. Overview of the strengths and opportunities for the four crop categories in terms of soil organic
carbon.
Strengths (internal)

Opportunities (external)

They have ability to increase soil
carbon because of low tillage (in some
crop varieties), deep and
extensive rhizome rooting system, high
amount of litter from and stems,
increase in microbial biomass and
bacterial community (Cattaneo, 2014,
Conant et al., 2001; Monti et al., 2011;
Fernando et. Al., 2015).

Lignocellulosic crops can be part of the EU
common Agricultural Policy to help meet the
climate and energy targets because they can
increase the soil carbon and reduce CO2
emissions (Baum et al., 2009; Dimitriou et al.,
2009, Don et al, 2012).

Carbohydrate crops have a deeprooting system which creates good soil
structure, adds organic matter to topsoil
and increases the biodiversity of both
flora and fauna (CIBE and CEFS
report, 2003).

Carbohydrate crops provide opportunities for
marginal soil conditions by improving their soil
quality in rotational cropping systems. Thus,
they have ability to support the following
European Bioeconomy objectives:
 Ensure food and nutrition security
 managing natural resources sustainably,

Lignocellulosic crops ability to increase soil
organic carbon supports the following
European Bioeconomy objectives:
Short rotation crops (SRCs like poplar  managing natural resources sustainably,
and willow) increase soil carbon.  mitigating and adapting to climate change,
Perennial crops like miscanthus and
giant reed can store up to 44 tonne
carbon/ha which is high compared to
other annual crops (10).
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Some of the oil crops (hemp, rapeseed,
flax) can enter into rotational cropping
systems thus enhancing the symbiotic
microbial activity. They can ameliorate
the soil by reducing the occurrence of
pests and diseases and increasing the
soil organic content.

Some oil crops provide opportunity for
marginal soil conditions to improve their soil
quality by establishing the rotational cropping
system thus supporting the following
European Bioeconomy objectives:
 managing natural resources sustainably

Specialty crops like red clover when
grown in rotation with other crops can
increase organic matter, soil porosity,
soil microbial activity, soil aggregation,
carbon sequestration, phytoremediation
(P. Mckenna et al, 2018).

Some specialty crops provide opportunity for
the marginal soil conditions to improve their
soil quality by establishing the rotational
cropping system thus supporting the following
European Bioeconomy objective:
 managing natural resources sustainably

Soil erosion by water gives estimated rate of soil loss by water erosion. This indicator depends on the land
management practices and the soil erosion rate can also help us put policy and practices in place to change
the agricultural activities.

Strengths (internal)

Opportunities (external)

Lignocellulosic crops have ability to change the
soil structure in soil erosion prone region like
Mediterranean zone and this supports the
following European Bioeconomy objective:
 managing natural resources sustainably

Lignocellulosic

Lignocellulosic crops help reduce soil
erosion due to the large canopy and the
extensive root system that can bind
soil, increase soil fertility and remediate
land from toxic chemicals .Thus
lignocellulosic perennial crops have the
potential to stop the degradation of land
in areas prone to soil erosion due to
steep slopes, abandoned agricultural
land, saline soils. (11). The continuous
presence of underground biomass in
the soil helps intercepts the rainfall and
provides surface cover (12).

Carbohydrate

Table 9 Overview of the strengths and opportunities for the four crop categories in terms of soil erosion by
water.

Some carbohydrate crops like triticale
have potential to be cover crops during
winter runoff periods. Carbohydrate
crops also have good rooting system
making them adaptable to drought and
no-tilling practices. Thus, they reduce
soil erosion by water.

Carbohydrate crops reduce the soil erosion, and
this
supports
the
following
European
Bioeconomy objective:
 managing natural resources sustainably
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Water abstraction refers to the volume of water applied to soils for irrigation purposes.
Most of the selected crops except specialty crops are drought tolerant which makes them require very low or
no irrigation. Thus, the water abstraction is very low except in condition when one aims for maximum growth
from the cultivated crop and there is dry spell.

Carbohydrate

Lignocellulosic

Table 10. Overview of the strengths and opportunities for the four crop categories in terms of water
abstraction.
Strengths (internal)

Opportunities (external)

Water use efficiency for lignocellulosic
crops (switchgrass, miscanthus, poplar,
willow) is considered high in general,
but it usually varies depending on the
soil and climatic conditions. C4 crops
like miscanthus and switchgrass have
higher water use efficiency (double)
when compared with C3 crops like
willow and poplar (14) and maize (15)
In agro-forestry systems, high canopy
crops like poplar and willow alter the
humidity and temperature of the crops
and have shown to improve the water
use efficiency of the total system in
general but in some cases could
increase the total water use of the
system(14).

The high water uses efficiency and drought
tolerant capabilities make lignocellulosic
crops suitable in underused and marginal
lands with harsh soil and climate(14). They
meet the sustainability requirement for water
use to for bioenergy productions (16). Thus,
they have an opportunity to support the
following
European
Bioeconomy
objectives:
 managing natural resources sustainably,
 mitigating and adapting to climate
change.
 reducing the dependence on nonrenewable, unsustainable resource.

Water use efficiency is high for
carbohydrate C4 crops like sweet
sorghum, (17), (18) and sugar beet are
C3 carbohydrate crops (19) which are
considered drought tolerant. Triticale is
also known to have high drought
resistance compared to barley, wheat
and oats.

Low water requirement and ability to survive
dry spells make some of the carbohydrate
crops
low-input crops
which allows
sustainable production of biomass for
bioeconomy thus supporting the following
European Bioeconomy objectives:
 managing natural resources sustainably,
 mitigating and adapting to climate
change.
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Oil crops like rapeseed, sunflower,
camelina, crambe are drought resistant
crops therefore suitable for water stress
conditions(13). However, sunflower
water use efficiency (WUE) when
compared with rapeseed and crambe,
has been reported as higher(20).

Oil crops which are tolerant to water stress
conditions and have high water use efficiency
support
the
following
European
Bioeconomy objectives:
 managing natural resources sustainably,
 mitigating and adapting to climate
change.

Some crops (marigold) are tolerant to
drought and some (peppermint) has
increased crop yield in moderate water
stress conditions (21).

Specialty crops like marigold and peppermint
supports
the
following
European
Bioeconomy objectives:
 managing natural resources sustainably,
 mitigating and adapting to climate
change.

Water quality indicator shows the potential impact of agriculture on water quality due to pollution by nitrates
and phosphates. This depends on the agronomic and land management practices and nutrient use efficiency
(NUE) during the cultivation process.

Lignocellulosic

Table 11. Overview of the strengths and opportunities for the four crop categories in terms of water quality.
Strengths (internal)

Opportunities (external)

Lignocellulosic crops cultivation does not
have negative impact on water quality
both ground and surface water. They lose
very minimal nutrients as some of them
have good nutrient recycling ability.
Nitrogen use efficiency of C4 perennial
grasses is thought to be higher compared
to the crops like willow and poplar (21,
22). They are resistant to pest and
diseases. These traits make them low
input
(fertilizers,
pesticides
and
herbicides) requiring crop, thus reducing
surface and ground water pollution(7).
These crops can be used as buffer strips,
by intercepting the nutrient output from
agricultural and livestock(12).

Lignocellulosic crops with higher
NUE have potential to support the
following European Bioeconomy
objectives:
 managing natural resources
sustainably,
 mitigating and adapting to
climate change,
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Carbohydrate crops like sorghum
and sugar beet with higher NUE can
be intercropped with other crops,
can increase land-use efficiency and
they have potential to support the
following European Bioeconomy
objectives:
 managing natural resources
sustainably,
 mitigating and adapting to
climate change,
 reducing the dependence on
non-renewable, unsustainable
resources

Oil crops like rapeseed are high nutrient
demanding crops compared to other oil
crops like sunflower, hemp and camelina.
Camelina is found to have higher nitrogen
use efficiency when compared with
rapeseed.

Oil crops with high NUE and low
nutrient
demand
can
be
incorporated in crop rotations, like
hemp. They have potential to
support the following European
Bioeconomy objectives:
 managing natural resources
sustainably,
 mitigating and adapting to
climate change.

Specialty

Oil

Carbohydrate

Carbohydrate crops like sweet sorghum
and triticale are nutrient efficient crops
{(Sarah Clarke et la, 2016), (Ma, O.et al,
2006)} and reduce nitrogen intake while
some crops like sugar beet are nutrient
demanding crops.

Moderate amount of inputs (fertilizers and
pesticides) required depending on the
choice of specialty crops and water quality
is dependent on input requirement and its
use efficiency (22).

GHG emission from the agriculture indicator depends on the nitrogen fertilizer used, crop choices,
management practices and fossil fuel used for production.
Table 12. Overview of the strengths and opportunities for the four crop categories in terms of GHG emission
reduction from agriculture.
Strengths (internal)

Opportunities (external)
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Lignocellulosi Lignocellulosic crops have potential of
c
reducing
the
greenhouse
gas
emissions,(23). They can diversify the raw
material supply for bioeconomy due to
their high yield potential and the high
contents
of
lignin,
cellulose
and
hemicellulose polysaccharides which can
also be used for bio-plastic and in biofuels
and bioenergy production thus reducing
the dependence on fossil materials and
fuel ,(23, 24).

Perennial lignocellulosic energy crops are
considered
environmentally
superior
compared annual energy crops (17)
because of their lower GHG emission
capability. Lignocellulosic crops meet the
sustainability criteria to produce the
second-generation biofuels which is
gaining attention as viable option to
reduce GHG emissions. Thus, they can
benefit most from the opportunities
created under RED II and ILUC Directive
and can be widely used for heat and
Lignocellulosic crops like willow can power production in existing and new
increase carbon sequestration (Rowe et installations
al., 2009). Miscanthus when cultivated in
surplus land can avoid ILUC (Rettenmaier Potential to sequester carbon and high
nutrient, water efficiency use efficiency
et al., 2010).
reduces lignocellulosic crops’ GHG
emission potential. Thus, making them
suitable crops to support the following
European Bioeconomy objectives:
 managing
natural
resources
sustainably,
 mitigating and adapting to climate
change.

Carbohydrate

Carbohydrate crops like sweet sorghum
which have high carbon sequestration
potential, increase soil organic carbon,
high nutrient use efficiency- has the
potential to reduce the GHG emission
during the cultivation stage. Similarly,
Triticale has low nitrogen requirement
which leads to considerable GHGs
savings.
Sugar beet has the potential to reduce
energy requirements not only at cultivation
stage of the value chain but over the entire
production chain, by more than 50%
(Mortimer et al., 2004).
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Selected carbohydrate crops like sweet
sorghum and triticale have potential to
reduce GHG emissions under appropriate
agronomic practices. Thus, making them
suitable crops to support the following
European Bioeconomy objectives:
 managing
natural
resources
sustainably,
 mitigating and adapting to climate
change.
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Select oil crops have potential to reduce
GHG
emissions
under
sustainable
agronomic practices. They can support
the following European Bioeconomy
objectives:
 managing
natural
resources
sustainably,
 mitigating and adapting to climate
change
 reducing the dependence on nonrenewable, unsustainable resources

Some specialty crops have the potential to
reduce the occurrence of pests and
diseases. They also have environmental
benefits from crop rotations- for example
red clover into the corn-soybean rotation
resulted in 1300 CO2 eq / ha of mitigated
GHG emissions (Meyer-Aurich et al 2006).
This means less use of fertilizer and
pesticides which means emission of GHG
from production of crop is less.

Some specialty crops have potential to
support
the
following
European
Bioeconomy objectives:
 managing
natural
resources
sustainably,
 mitigating and adapting to climate
change.

Specialty

Oil

When comparing among the oil crops,
rapeseed is considered more sustainable
and cleaner than sunflower due to lower
GHG emissions (Bonaventura Forleo et al,
2018). GHG emissions for sunflower oil is
760 Mg CO2-eq per 1 Mg refined oil than
for rapeseed oil with 262 Mg CO2-eq per 1
Mg refined oil (23).

Ecological Benefits refers to the overall benefit of the crops to the ecosystem considering biodiversity,
wildlife habitat, environmental health of the soil etc. This can be measured by looking at the potential of
crops for soil remediation and phytoextraction which improves the overall ecology of the soil and as a result
has positive impact on the overall biodiversity and land conservation status

Lignocellulosic

Table 13. Overview of the strengths and opportunities for the four crop categories in terms of ecological
benefits
Strengths (internal)

Opportunities (external)

Lignocellulosic perennial crops can
provide shelter for the fauna thus
contribute to conservation and promote the
biodiversity(24).
Some
of
the
lignocellulosic
crops
facilitate
soil
remediation (miscanthus, willow), and
phytoremediation (switchgrass) property
which makes them good crops for land
conservation practices (26).

Lignocellulosic crops have potential to
support
the
following
European
Bioeconomy objective:
 managing natural resources sustainably
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Carbohydrate crops like sorghum have
proved
good
for
phytoremediation
applications in marginal soils with
moderately heavy metal contamination of
nickel (Ni), lead (Pb) and zinc (Zn).

Carbohydrate crops have potential to support
the following European Bioeconomy
objective:
 managing natural resources sustainably

Oil crops can be appropriate for Oil crops have potential to support the
phytoremediation as well since they act as following European Bioeconomy objective:
good cover crops for fauna. Camelina  managing natural resources sustainably
shows good potential to be a forage
(nectar and pollen) resource for insects
because it can produce large amounts of
nectar sugar for insects. A study in the
Midwestern US showed 100 kg/ha of
nectar sugar (Eberle et al.,2015).
Camelina can also be a cover crop in a
multiple cropping system due to genetic
varieties optimized for spring and winter
seeding. The fact that camelina can be
grown as a winter cover crop creates the
potential for additional farm income as well
as providing the benefits of a cover crop
(Rizzitello, R, 2016). The blossomed
crops attract insects and birds, increasing
their diversity
and numbers, as it was observed in
sunflower fields (Jones and Sieving.
2006).
Specialty crops like calendula when Specialty crops have potential to support the
intercropped with other vegetable crops following European Bioeconomy objective:
have shown to control pest colonization  managing natural resources sustainably
(Beata Jankowska et al., 2009) which
means it reduces the use of pesticides
thus improving overall health of soil and
water which in turn facilitates biodiversity
conservation.
Some specialty crops are also found to
have non-marketable impacts of improved
soil
fertility/structure
and
various
ecosystem services like weed control and
pollinator attraction, reduction in the
occurrence of pests and diseases which
are much harder to quantify (Swinton et
al.,2007).

Socio-economic indicators
Rural employment rate measures the total employed people (15-64) in thinly-populated areas.
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Cultivation of any kind of non-food crops to produce biomass as feedstock for bioenergy and bioproducts will
create direct jobs opportunities at the farm level, which can in turn lead to job creation in every step of the
value chain. Lignocellulosic crops have potential for rural development by creating employment opportunities
14
in rural communities . Similarly, all other crop categories also have potential to can create an opportunity for
rural employment at farm level.
Carbohydrate crops specially can add more job opportunities and increase the income of the farmers by
applying the cascading principles and identifying additional industrial uses of the crop residues like potato
15 16
peels, maize stalk , (25), (26) to turn them into biogas. Thus collection of these industrial crop residues will
add more jobs at farm level.

Table 14. Overview of the strengths and opportunities for the four crop categories in terms of rural
employment rate.

Lignocellulosic perennial crops can
offer long term employment to rural
areas since they have high yields
and require labor intensive practices
for their harvesting, densification,
transportation and storage.
Carbohydrate crops can serve
multiple markets from food, feed,
pharmaceuticals and polymers. As
such
they
can
offer
high
employment
rates
through
biorefinery development.

Oil

Lignocellulosi
c

Opportunities (external)

Carbohydra
te

Strengths (internal)

Oil crops can serve multiple markets
from food, feed, pharmaceuticals,
polymers and lubricants. As such
they can offer high employment
rates
through
biorefinery
development.

14

Cosentino L, Scordia D. Optimisation of perennial grasses for biomass production in Mediterranean area, Optima (289642), Call: FP7
KBBE-2011-5. 2011.
15
Momayez, F., Karimi, K., & Taherzadeh, M. J. (2019). Energy recovery from industrial crop wastes by dry anaerobic digestion: A
review. Industrial Crops and Products, 129, 673-687.
16
Onokwai, A. O., Okonkwo, U. C., Osueke, C. O., Ezugwu, C. A., Eze, N. C., Diarah, R. S., & Olawale, O. Quantifying cassava waste
generation and biogas production in Eha-Alumona grinding mills. International Journal of Civil Engineering and Technology (IJCIET),
Volume 10, Issue 01, January 2019
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Specialty crops are often cultivated
in small farms and as such they are
a
good
option
to
increase
employment remote and small-scale
farming.

Agricultural entrepreneurial income indicator measures the income derived from agricultural activities
that can be used for the payment of own production factors, i.e. non-salaried labor on farm, land belonging to
the agricultural holding and own capital. This is an important indicator for farmers to help them in the choices
of crops.
Ongoing Work: will be presented in the final update to include national assessments
C (b) Profitability
Rural GDP per capita indicator measures the purchasing power standard of the inhabitant of rural
area. This indicator will help us understand the farmers income as well as the economic development
activities
Profitability of the crops at the producer level will be the key indicator which will support the decision of the
farmers to grow NFCs on marginal lands. Economic competitiveness or the profitability of the crops at the
producer level (for farmers) largely depends on the production costs and agronomic management
17
practices (27). This means the profitability for the same crop at can vary with the increase or decrease in
crop productivity, input costs (fertilizer, pesticides, herbicides), harvesting and storage costs (by using simple
machines) and transportation costs and price of the end-products.
Studies have shown that growing energy crops on marginal lands has economic benefits for farmers
18
community (28). There are studies done to compare the economic competitiveness of the of energy crops
among themselves as well as in comparison with the traditional food crops. Giant reed is found to be the
19
most profitable crop among the perennial grasses grown in marginal lands (29) and when compared with
other traditional food crops, it has shown the highest annual gross margin of 647.10 Euro per ha.
Ongoing Work: will be presented in the final update to include national assessments

17

Giannoulis KD, Vlontzos G, Karyotis T, Bartzialis D, Danalatos NGJLUP. Assessing the efficiency of switchgrass different cultural
practices for pellet production. 2014;41:506-13.
18
Bonfante A, Impagliazzo A, Fiorentino N, Langella G, Mori M, Fagnano MJSotTE. Supporting local farming communities and crop
production resilience to climate change through giant reed (Arundo donax L.) cultivation: An Italian case study. 2017;601:603-13.
19
Soldatos PJBR. Economic aspects of bioenergy production from perennial grasses in marginal lands of South Europe.
2015;8(4):1562-73.
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4. Selection of near-to-practice crops per agroclimatic conditions
All participating countries in PANACEA project have varying climatic conditions and not a homogenous
climatic condition across their geographic boundaries. In the deliverable D1.2 the identified near-to-practice
crops are classified as north, central and south zone based on their climatic suitability to these geographic
regions. For agronomic purposes European countries can be regrouped based on their agroclimatic
suitability. Each agroclimatic regions choice of near to practice NFCs will be different based on their
suitability to the meteorological parameters like maximum and minimum temperature, rainfall, months of
temperature below 0°C. The four agroclimatic zones we will be using here are i) Mediterranean North and
South), ii) Atlantic North and Central, iii) Lusitanian, and iv) Continental and Boreal.
Selection of the NFCs is based on the bio-physical characteristics of the land as this can reduce the
greenhouse gas emissions by optimizing the land management practices like use of pesticides, fertilizers,
20
irrigation, tillage (30). Similarly, it is also important to select NFCs based on their suitability to agroclimatic
conditions as the interaction between crops, crop management practices, soil and climatic conditions all
21
together will eventually impact the crop’s overall socio-economic and environmental performance (31).
Choices of near to practice NFCs for these agroclimatic zones is likely to be influenced by climate change.
This is because the potential biomass yield of the selected crops will change with the technological
22
development of the region and climate change (34) . For example, changes like increase in CO2
concentration, rise in temperature, increase in number of frost and drought days, will change the overall
annual crop productivity. This is because all these climatic factors change the photosynthesis rate, length of
growing season, maturation and harvesting period. Therefore, while selecting the suitable near to practice
NFCs all these possible impacts of climate change should be considered.

4.1 Mediterranean North and South (Greece, Italy, Spain)
The prevalent climatic conditions in Mediterranean region is short precipitation periods, long, hot and dry
summers and cold humid winters. The warmest month ranges from 25.4 to 26.5 °C and coldest ranges from
18 to -3°C. The length of the growing season is long and air temperatures favourable for growing a wide
number of crops. The growing season lasts 363 -365 days in a year and the sum of active temperature is
6021 °C (5904–6578 °C)., summer drought is a limiting factor that imposes the use of irrigation for crop
survival and achieving high crop yields. The total annual rainfall varies from 275mm to 900mm and 65% of
the annual rainfall occurs in winter half year 23(35).

Suitable crops according to Metzger et al. (2005): Sunflower, flax, safflower, castor, Ethiopian
mustard,
Near to practice crops selected by PANACEA project partners for Mediterranean North and South zone
Lignocellulosic

Poplar, Miscanthus, Willow, Cardoon, Switchgrass, Giant Reed, Eucalyptus,
Hemp, Black locust,

Carbohydrate

Sugar beet, Triticale, Sorghum, Lupin

20

Vis M. Harmonization of biomass resource assessments Volume I: Best Practices and Methods Handbook. 2010.
Nunn C, Hastings AFSJ, Kalinina O, Özgüven M, Schüle H, Tarakanov IG, et al. Environmental influences on the growing season
duration and ripening of diverse Miscanthus germplasm grown in six countries. 2017;8:907.
22
Cosentino SL, Testa G, Scordia D, Alexopoulou EJIJoA. Future yields assessment of bioenergy crops in relation to climate change
and technological development in Europe. 2012;72.
Crops2Industry. Crops2Industry Project Final report. Non-food Crops-toIndustry schemes in EU27 2012.:22.
21

23 Cosentino SL, Riggi E, Testa G, Scordia D, Copani VJIc, products. Evaluation of European developed fibre hemp genotypes
(Cannabis sativa L.) in semi-arid Mediterranean environment. 2013;50:312-24.
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Oil

Camelina, Hemp, Rapeseed, Castor, Safflower, Flax, Sunflower, Crambe,
Ethiopian mustard, Lupin

Specialty

Lavender, Guayule, Peppermint, Chamomile

4.2 Atlantic North and Central (The Netherlands, United Kingdom)
The prevalent climatic condition in Atlantic Central region is low temperatures in summer and winter
(summer temperature is less than 22°C and winter temperature can go below 0 °C), abundant rainfalls and
satisfactory length of growing period. The precipitation is evenly distributed throughout the year. The growing
season lasts 296 days (270–327), the sum of active temperatures is 3849 °C (3497–4092 °C).
The prevalent climatic condition in Atlantic North is humid with rather low temperatures in summer and
winter, but not extremely cold. The growing season lasts in average 255 days (199–278), the sum of active
temperatures is 3198 °C (2459–3214 °C).

Suitable crops according to Metzger et al. (2005): Rapeseed, camelina
Near to practice crops selected by PANACEA project partners for Atlantic North and Central zone
Lignocellulosic

Poplar, Miscanthus

Carbohydrate

Sugar beet

Oil

Hemp, Safflower

Specialty

Calendula, Peppermint, Russ Dandelion,

4.3 Lusitanian (France, Portugal)
The prevalent climatic condition in Lusitanian region is high summer temperatures and mild winters.
Lusitanian is the relatively humid Atlantic climate with Mediterranean-like distribution of precipitation within a
year (maximum in winter). The growing season lasts 353 days (345–365), the sum of active temperatures is
4749 °C (4462–5302 °C). In France the precipitation is evenly distributed throughout the year. In Portugal
precipitation in driest month of summer is less than 30mm which is 1/3 of the wettest month of winter.
Suitable crops according to Metzger et al. (2005): Flax, castor, coriander, camelina
Near to practice crops selected by PANACEA project partners for Lusitanian zone
Lignocellulosic

Poplar, Miscanthus, Willow, Cardoon, Switchgrass, Giant Reed, Eucalyptus,
Hemp, Kenaf

Carbohydrate

Sugar beet, Triticale, sorghum, Lupin,

Oil

Camelina, Hemp, Rapeseed, Flax, Sunflower, Ethiopian mustard, Lupin

Specialty

Peppermint, Rosemary
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4.4 Continental and Boreal (Poland, Lithuania, Romania)
The prevalent climatic condition is short and humid summers with high temperatures, very cold winter,
followed by relatively high precipitation. Precipitation is evenly distributed throughout out the year. The
growing season lasts 227 days (213–257), the sum of active temperatures is 3294 °C (3037–3049 °C). The
mean temperature during growing season for about 30-120 days is >10°C (Breckle 2002).
Suitable crops according to Metzger et al. (2005): Camelina
Near to practice crops selected by PANACEA project partners for Lusitanian zone
Lignocellulosic

Poplar, Miscanthus, Willow

Carbohydrate

Sugar beet, Triticale,

Oil

Camelina, Hemp, Rapeseed, Castor, Safflower, Crambe,

Specialty
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Table 17. Strengths of selected near to practice crops under different agroclimatic zone

Lignocellul
osic

Poplar

Miscanthus

Mediterranean
South

North

and Atlantic North and South

Lusitanian

Continental and Boreal

Poplar has shown positive
energy balance and high
energy efficiency (32) when
grown
in
Mediterranean
agroclimatic zone.

Poplar are low input crops
which can be grown on
marginal lands of warmtemperate climatic zones
because warm temperature
supports the rapid growth of
plant, and they have high
photosynthetic capacity aided
by their large leaf area. All
this makes them suitable for
Atlantic North and South (33).

Poplar is also suitable in
Lusitanian region as it has
relatively
humid
Atlantic
climate with Mediterraneanlike
distribution
of
precipitation within a year
(maximum
in
winter).
Therefore, crops which as
suitable in Mediterranean and
Atlantic
agroclimatic
conditions are also easily
adaptable
to
Lusitanian
conditions
with
slight
changes
in
agronomic
practices.

Poplar is considered a good
short rotation crops for boreal
climatic zones because of
their fast growth rate in
summer air temperature of
above 20°C
which his. The biomass yield
from boreal climatic system is
not very different from the
warm-temperate regions, if
the
appropriate
crop
management practices are
applied
(34).

Miscanthus dry yields is 25
Mg/ha in Southern Europe
which is higher than 10-15
Mg/ha in Northern and
Central Europe, with no
irrigation
{(Lewandowski
et al., 2003a; Angelini et al.,
2009; Zub & Brancourt‐
Hulmel, 2010 as cited in
(Roncucci, 2015 #83)}. This
shows that Miscanthus is C4
species which suitable in

Miscanthus are C4 crops with
higher radiation, water and
nitrogen use efficiency are
prefers
warm
temperate
climatic conditions to initiate
the growth. They grow from
dormant winter rhizome when
soil temperature reach 10-12
°C(36).

Miscanthus adapts well in
Lusitanian region of Europe
and production level is good
even in lower quality soil with
little
fertilization
and
protection from pests and
diseases. Cultivation and
Harvesting of miscanthus can
be adopted using the cereal
production systems.

Miscanthus grows well in
Continental
and
Boreal
region
of
Europe
and
production level is good even
in lower quality soil with little
fertilization and protection
from pests and diseases.
Cultivation and Harvesting of
miscanthus can be adopted
using the cereal production
systems.
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Mediterranean agroclimatic
zone and they survive water
stress
by
decreasing
photorespiration i.e. by losing
leaf area and increasing root
growth(35).

Willow

Cardoon

Willow is a suitable short
rotation woody crops which
are considered ideal energy
crops because their yield in
high in marginal soil and
climatic
condition,
thus
making them suitable for
Mediterranean zone(37).

Willow is considered suitable Willow is considered a good
crop in Lusitanian region.
short rotation crop species for
boreal
climatic
zones
because of their fast growth
rate
in
summer
air
temperature of above 20°C
which his. The biomass yield
from boreal climatic system is
not very different from the
warm-temperate regions, if
the
appropriate
crop
management practices are
applied
(34).

Cardoon is C3 crops which
shows stable crop yield in low
input and irrigation system in
low
quality
rainfed
Mediterranean soils (38).
They can photosynthesize in
winter, can extract water and
nutrient from very deep soil
because of their extensive
rooting system. (Fernández
et al., 2005, Fernández et al.,
2006, Ierna et al., 2012b) as

Cardoon is a crop native to
Mediterranean region but
some of the farms in
Lusitanian region (Portugal)
have grown at small scale. It
is being used to produce
cheese
and
a
wider
cultivation of this crop can
provide more feedstock for
the
bioenergy
and
biomaterials
market.
In
Portugal there is currently a
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Switchgras
s

Giant reed

cited in (38).

high interest in the extraction
and concentration of some
compounds from the leaves
that
show
interesting
pharmacological properties.

Switchgrass is considered a
suitable crop for less fertile,
erosive lands and requires
low inputs (fertilisation and
water). Due to deep rooting
system they survive in
Mediterranean conditions and
has high water use efficiency
compared to carbohydrate
crops like maize(39).

Switchgrass is suitable crop
with good production level for
Lusitanian
agroclimatic
region of Europe.

Giant reed is C3 species
considered most promising
crops
and
native
to
Mediterranean agroclimatic
conditions and they survive
long dry and very wet
conditions
(Rossa
et al.,
1998; Lewandowski et al.,
2003; Angelini et al., 2009
Czako & Marton, 2010), as
cited in(35).

Giant Reed is suitable in
southern Lusitanian region. It
is a perennial lignocellulosic
second-generation
crop
which grows past in various
types of soil and climatic
conditions.
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Eucalyptus

Hemp

Black
locust

Eucalyptus are mainly suited
in temperate areas with mild
winters
and
rainfall
distributed throughout the
year. However, they have
shown potential to be grown
in dry Mediterranean climatic
condition(3).

Eucalyptus is suited in
temperate areas with mild
winters, where rainfall is
distributed throughout the
year. It is already in grown in
Portugal and the paper and
pulp industry are using the
feedstocks from Eucalyptus.

Hemp has shown good
productivity
in
semi-arid
Mediterranean,
but
their
productivity is affected by
water shortage and high air
temperature.
Therefore,
manipulation of sowing date
is recommended to avoid
these unfavorable climatic
conditions(40).

Hemp’s
productivity
is
affected by water shortage
therefore it is suitable for
Lusitanian climatic conditions
where rainfall is distributed
throughout the year.

Black locust in considered as
invasive
species
in
Mediterranean zone and is
proposed as suitable short
rotation crops on marginal
lands
for
biomass
production(41).
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Kenaf is annual herbaceous
crop
suitable
in
warm
temperate Lusitanian region.
It is mainly produced for its
fibrous stem (paper and pulp
industry) but it also produces
oil which can be used in
cosmetics,
as
industrial
lubricants
and
biofuel
production.

Kenaf
Reed canary grass is suitable
in easily adaptable to wide
range
of
habitats
and
temperate climate. It is which
is tolerant to stress like
flooding, drought, frost and
grazing
and
has
phytoremediation
potential
(42).

Reed
Canary
Grass
Mediterranean
Carbohydra South
te
Sugar beet

North

and Atlantic North and South

Sugar beet yield has shown a
progress
in
temperate
regions of Europe and this is
due
to
improved
crop
management
practice,
positive
climate
change
effects
and
improved
breeding (Märländer et al.,
2003, Jaggard et al., 2012)
as cited in (43) .It is

Lusitanian

Continental and Boreal

Sugar
beet
is
well
established crop and familiar
crop for farmers in Lusitanian
region.

Sugar
beet
is
well
established
crop
in
Continental
and
Boreal
region and is a commercial
crop
with
well-known
cultivation and harvesting
mechanisms.
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considered
an
environmentally sustainable
feedstock which has number
of bio-based applications and
has potential to reduce nonrenewable energy use and
greenhouse gas emission(44)
.

Triticale has proven to be
comparable to higher than
wheat
in
similar
Mediterranean
climatic
conditions. Higher radiation
use efficiency and extensive
root system make them
suitable
for
Mediterranean(45) .

Triticale is adapted to various
European climates and its
high yield potential makes
them a suitable crop for nonfood purposes. They can be
used for both biogas and
bioethanol production.

Sorghum is drought tolerant
crop which has ability to

Sorghum’s drought tolerance
and low water and low

Triticale

Sorghum
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extract water from deep-soil
and ability to give high yield
in rain-fed, water scare
Mediterranean
conditions(46).

Lupin
(high
protein
feedstock)

Oil

Camelina

Lupin is well adapted to
Mediterranean conditions and
considered profitable crops
(Siddique et al., 1993) as
cited in(47).

Mediterranean
South

North

temperatures requirements
makes them suitable crop for
Lusitanian region. It is grown
worldwide and can be
cultivated both carbohydrate
crop
for
sugar
and
lignocellulosic crop for fiber.
Lupin is found to be suitable
crop for UK and has potential
to replace food oil crop
soybean.

and Atlantic North and South

Camelina has highest seed
yields
in
Mediterranean
climates (Berti et al., 2011,
Masella et al., 2014) as cited
in (48).

Lupin is suitable in Lusitanian
region and is of an interest
crop for farmers because of it
leguminous nature as it has
nitrogen fixing ability.

Lusitanian

Continental and Boreal

Camelina is well adapted to
Lusitanian conditions as well
because there are both
spring and winter biotypes
available in the market.

Camelina is well adapted to
continental
and
boreal
conditions because there are
both spring and winter
biotypes available in the
market.
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Hemp

Rapeseed

Hemp has shown good
productivity
in
semi-arid
Mediterranean,
but
their
productivity is affected by
water shortage and very low
and high air temperature.
Therefore, manipulation of
sowing date and breeding
tolerant
varieties
can
increase its yield(40) .

Rapeseed is most widely
cultivated oil crop in Europe
(50)and its environmental
performance
is
better
compared
to
flax
and
camelina in low input and no
irrigation
Mediterranean
conditions
(51).However
improved
varieties
of
rapeseed are said to be
required to do well in hot
Mediterranean climate.

Hemp is suitable in wide
range of climatic conditions
and a study shows that Hemp
yield was found to be slightly
lower for the countries in
Atlantic zone (Netherlands
and
United
Kingdom)
compared to Italy(49).

Hemp is adapted to wide
variety of environment and is
multipurpose crops - fiber
and oil.

Rapeseed is most important
oil crop for northern Europe
with cultivation techniques
similar to winter cereals.
These known techniques
make them easily adoptable
and potential crop for rotation
with other cereal crops(14).
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Castor

Safflower

Castor is well suited for
Mediterranean zone and in
slightly
favourable
temperature with regular
irrigation
is
found
to
significantly increase their
productivity (55).

Safflower grows well in
Mediterranean conditions as
they are best suited to hot dry
climates. This is because of
their deep root system which
can uptake moisture and
nutrients (like N) from deep
layer of soil. This makes
them suitable crop for
rotational
cropping
and
reduction of N leaching into
the
ground
water(52).
Safflower is used for oil and
its meal which is high in
protein and fiber.

Castor is a spring crop and is
very sensitive to temperature
but can grow in low water
available conditions. It is a
suitable crop in Continental
and Boreal conditions.

Safflower crops has both
winter and spring varieties
and they can grow in
marginal soil and very low
rainfall
conditions
and
suitable
in
Atlantic
agroclimatic conditions.

Safflower can also be grown
in continental and boreal
climatic regions, but the crop
does not mature until late
autumn.
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Flax is suitable for temperate
weather.
Establishment
would be slow in cold winters,
so it is best suited to
Lusitanian
region
where
winters are mild.

Flax

Sunflower

Sunflower is suitable to grow
in rotation with wheat in dry
and rainfed Mediterranean
conditions as they have
ability to use Nitrogen applied
for wheat crop. This is mainly
attributed to their rooting
system and low rainfall during
the
crop
cycle,
which
increases the availability of N
for the second crop(53).

Sunflower is suitable to
grown in southern Europe
with Lusitanian agroclimatic
conditions. It is very tolerant
to drought and can also grow
in rain fed conditions.
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Crambe

Crambe is suitable variety to
grow in Mediterranean zone
for crop rotations because of
their short growth cycle(58).
This is because short growth
cycle (90-100 days) allows it
to survive prolonged drought
and heat conditions and to be
grown
for
biodiesel
production. They can be
grown in rotation with other
crops.

Ethiopian
Mustard

Ethiopian mustard is suitable
energy
crops
for
Mediterranean zone(50)(53).

Lupin
(Oil)

Lupin is well adapted to
Mediterranean conditions and
considered profitable crops
with high oil and protein
levels (Siddique et al.,
1993)(47).

Crambe
is
native
to
Mediterranean region but
adaptable to diverse climatic
conditions (cold and dry
regions)
and
they
are
resistant
to
pests
and
diseases. In addition, they
are tolerant to saline and
heavy metal contaminated
soils

Ethiopian Mustard is tolerant
to abiotic and biotic stresses
and is low input crop which
can be grown as spring as
well as winter crops. This
makes them suitable crop for
Lusitanian region.

Lupin is a crop suited to most
of the western European
countries and are leguminous
crops with a capability to fic
nitrogen from atmosphere.
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Specialty

Mediterranean
South

North

and Atlantic North and South

Lavender

Lavender
is
native
to
Mediterranean and southern
Europe. Lavender cultivation
is mainly for ornamental and
perfumery
purposes.
In
addition to that it has
antiseptic, anti-inflammatory
properties.

Guayule

Guayule is native to America
and can grow well in desertic
conditions. It can be used for
rubber extraction from stems
and tap root.

Lusitanian
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Peppermint is suitable for
temperate and sub-temperate
zones but in tropical weather
altitudes. They can survive
water deficit conditions.
Peppermint is suitable for
temperate and sub-temperate
zones but in tropical weather
altitudes. They can survive
water deficit conditions.

Peppermint is suitable for
temperate and sub-temperate
zones but in tropical weather
altitudes. They can survive
water deficit conditions.

Peppermint

Chamomile

Chamomile is native to
southern and eastern Europe
and Hungary is the biggest
producer of chamomile. They
can grow in poor soil
conditions.
It
has
multitherapeutic,
cosmetic,
and nutritional values(54).
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Calendula

Rosemary

Calendula is widely adapted
to temperate climates and
shown best results when
used as rotational crop. They
prefer hot warm, dry climate
with low moisture. Early
maturing
genotypes
of
calendula appear to be best
suited for climatic conditions
of northwest Europe.

Rosemary is native to
Mediterranean region, but it
is also suitable for Lusitanian
region. It is tolerant to
drought and has multiple
uses as medicinal and
preservative herb.

The table above summarizes the strength of each crop based on its suitability to grow in certain agroclimatic conditions. Upon analyzing these strengths and
possibilities of maximizing these strengths under the current socio-economic, environmental and political situation, we have come up with set of opportunities for
each crop type.
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Table 18. Opportunities per crop category under different agroclimatic zone

Crop Type

Lignocellul
osic

Mediterranean
South

North

and Atlantic North and South

Lignocellulosic crops which
have high yields, low input
requirements, can be grown
in marginal land conditions of
Mediterranean north and
south to produce industrial
bio-based raw materials and
second-generation bioenergy
and biofuel. They help reduce
GHG
emissions,
meet
renewable energy targets set
under European Directives REDII
Directive,
ILUC
Directive which promotes the
use of biofuels.

Lignocellulosic
woody
species like poplar and willow
is one of the suitable energy
crops for UK and Netherlands
to meet their renewable
energy targets under RED II
and ILUC Directive.

Lignocellulosic herbaceous
species like Miscanthus is
one of the established
lignocellulosic crops in both
UK
and
Netherlands.
Miscanthus has opportunities
to be used in new areas like
building construction, paper
Besides
that,
some and board production.
lignocellulosic crops (like
cardoon, switchgrass, willow)
have
shown
ecological
benefits of phytoextraction
and
soil
remediation
improves the soil fertility.
Miscanthus is proven to be
environment friendly crops
with increases the wildlife
biodiversity. Lignocellulosic
crops show potential to

Lusitanian

Continental and Boreal

Portugal
has
identified
cardoon and eucalyptus are
promising
lignocellulosic
crops. Recognized interest of
these crops from the biobased industries for end-uses
presents an opportunity to
support
the
European
Bioeconomy Objectives:
 managing
natural
resources sustainably,
 reducing the dependence
on
non-renewable,
unsustainable resources

Poplar and willow with high
yield
of
cellulose,
hemicellulose and lignin and
it considered crops with
potential to produce high
value products like specialty
cellulose,
vanillin
and
bioenergy. These crops along
with
other
selected
lignocellulosic
crops
like
Miscanthus have opportunity
to support the European
Bioeconomy Objectives:
 managing
natural
resources sustainably,
 reducing the dependence
on
non-renewable,
unsustainable resources

Hemp is also gaining interest
in Lithuania as its potential as
fiber crop is recognized by
bio-based industries. The
new
factory
for
fiber
treatment
was
built
in
Lithuania which requires the
raw material and hemp
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support
European
Bioeconomy Strategies:
 managing
natural
resources sustainably,
 mitigating and adapting
to climate change.
reducing the dependence on
non-renewable,
unsustainable resources.
Carbohydra Carbohydrate
crops
te
(sorghum) which are high
yielding crops, is low-input
and high-water nitrogen and
radiation efficient crops with
wide ecological adaptation
capabilities are suitable in
warm Mediterranean zone.
They have potential for rural
development and support
farmers of both small and
large scale as they can be
st
nd
used for both 1 and 2
generation
biofuels,
biomaterials, bioenergy. In
case of food scarcity, the
carbohydrate crops can also
be redirected towards food
uses. All these make them
ideal crops for supporting
European
Bioeconomy
objectives:
 ensuring
food
and
nutrition security

feedstock has the potential

Sugar beet’s high yield
makes it one of the suitable
energy crops for UK and they
are significant feedstock for
UK and Netherlands to meet
their
renewable
energy
targets under RED II and
ILUC Directive. Similarly,
sugar beet has potential to be
used in biochemical and
other non-food application
making it suitable crop to
support
European
Bioeconomy objectives:
 ensuring
food
and
nutrition security
 managing
natural
resources sustainably,
 reducing the dependence
on
non-renewable,
unsustainable resources

Sugar
beet,
Triticale,
Sorghum, Lupin, are some of
the near-to practice crops
identifies for France and
Portugal. These carbohydrate
crops have the potential to
support
European
Bioeconomy objectives:
 ensuring
food
and
nutrition security
 managing
natural
resources sustainably,
reducing the dependence on
non-renewable,
unsustainable resources

Sugar
beet
is
already
cultivated carbohydrate crop
in Poland for sugar industry,
but the production level is
good therefore allowing an
opportunity to use the
feedstock for biofuels to meet
the renewable energy targets
under RED II and ILUC
Directive. Sugar beet has use
in
bioplastics
and
biomaterials industry making
them suitable crop to support
European
Bioeconomy
objectives:
 ensuring
food
and
nutrition security
 managing
natural
resources sustainably,
 reducing the dependence
on
non-renewable,
unsustainable resources
Triticale is considered a crop
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with potential for biofuel
production in Lithuania to
increase the share of biofuel
market.

managing
natural
resources sustainably,
 mitigating and adapting
to climate change.
reducing the dependence on
non-renewable,
unsustainable resources.
Oil

Short rotation cycles and high
oil content in some of the oil
crops make them suitable to
meet the targets set under
REDII and ILUC Directive. Oil
crops are very important
feedstock for biofuels in
Europe and there are nonfood oil crops (Camelina,
Hemp, Rapeseed, Castor,
Safflower, Flax, Sunflower,
Crambe, Ethiopian mustard,
Lupin) more suitable for
Mediterranean
zone
compared to others.

Opportunities of oil crops
have in Atlantic region are
similar
to
Mediterranean
region under the context of
European Bioeconomic.
Flax, Camelina, Rapeseed
are oil crops found to me
more suitable for Atlantic
North and Central compared
to other oil crops like
Ethiopian mustard, sunflower,
castor, safflower.

Hemp,
Camelina
and
Rapeseed are selected by
France as a near-to-practice
crops in their regions and
they have potential to support
European
Bioeconomy
objectives:
 managing
natural
resources sustainably,
reducing the dependence on
non-renewable,
unsustainable resources

Rapeseed
is
already
produced in Mediterranean
zone of Europe, but the
improved
varieties
of
rapeseed can better adapt to
Mediterranean zone and as
high temperature causes bad
seed filling reducing yield and
oil
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Camelina, Crambe are nearto-practice oil crops, together
with rapeseed HEAR are
interesting crops for bio
based chemical industries
because of their erucic acid
content as it is perfect for
using
it
for
biodiesel,
lubricants, base oil for
cosmetics
and
other
bioproducts.
They
have
potential to support European
Bioeconomy objectives:
 managing
natural
resources sustainably,
 reducing the dependence
on
non-renewable,
unsustainable resources
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Specialty

Specialty crops are cash
crops which can be grown
both in small and large scale
making them adaptable crops
with
multiple
uses.
Mediterranean north and
south is found suitable for
specialty crops like lavender
peppermint,
chamomile.
These crops have potential to
support
the
European
Bioeconomy objectives:
 strengthening European
competitiveness
and
creating jobs.
 managing
natural
resources sustainably
These specialty crops are in
is a high demand for biobased companies who want
local and high-quality raw
material for cosmetic and
medicinal uses.

Specialty crops are cash
crops which can be grown
both in small and large scale
making them adaptable crops
with multiple uses.
Calendula are crops with
which has both ecological
and
economic
benefits
making them suitable crop to
support
the
European
Bioeconomy objectives:
 strengthening European
competitiveness
and
creating jobs.
 managing
natural
resources sustainably

Specialty crops are cash
crops which can be grown
both in small and large scale
making them adaptable crops
with multiple uses.
Rosemary,
peppermint,
thyme, green and black tea
are specialty crops in the
process of expansion in
Portugal and they have
opportunities to support the
European
Bioeconomy
objectives:
 strengthening European
competitiveness
and
creating jobs.
 managing
natural
Russ Dandelion is the
resources sustainably
specialty
crops
near-topractice in Netherlands which
can be used a natural
rubbers and dyes by biobased industries. Similarly,
grasses
are
potential
feedstock for protein and
fiber and they help in
maintenance of peat and
meadow.
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Specialty crops are cash
crops which can be grown
both in small and large scale
making them adaptable crops
with multiple uses.
Lavender
is
already
cultivated in Poland and
creates an opportunity of selfemployment in small scale
organic farms. This supports
the European Bioeconomy
objectives:
 strengthening European
competitiveness
and
creating jobs.
 managing
natural
resources sustainably
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Annex I: Definition of CAP Impact Indicators
24

The definition of the indicators has been taken from the report produced by Marginal Lands for Growing
Industrial Crops (MAGIC) Horizon2020 project and from the European Commission report on the CAP
25
indicators
Economic Indicators
Total Factor Productivity
The total factor productivity (TFP) compares total outputs relative to the total inputs used in production of the
output. As both output and inputs are expressed in term of volume indices, the indicator measures TFP
growth. Material inputs, land, labour and capital are the production factors considered in this calculation.
Profitability/ Rural GDP per capita
Rural GDP per capita indicator measures the purchasing power standard of the inhabitant of rural area. This
indicator will help us understand the farmers income as well as the economic development activities

Environmental Indicators

Soil organic carbon
This indicator links to the soil organic carbon indicator (also included in carbon stock change for GHG
emissions) but goes further as it also includes above ground carbon storage (in biomass). The annual
harvest of wood, agricultural and biomass resources (materials and energy) is expressed as a percentage of
net growth or sustained yield, and the percentage of the annual harvest used for bioenergy. In a sustainable
harvesting situation, long-term harvest levels should remain lower than net growth and forests or arable
lands can expand their carbon storage. If not, there may be net depletion of biomass stands, meaning that it
can’t be considered a ‘renewable’ resource.
Soil erosion by water
This indicator gives estimated rate of soil loss by water erosion and estimated agricultural area affected by a
certain rate of soil erosion by water.
This indicator is helpful to understand the impacts of the agricultural activity or land management practices
on the soil erosion rate. The estimated soil erosion rate helps us reflect on the policy measures in place to
prevent erosion by agricultural activities.
Water abstraction in agriculture
This indicator refers to the volume of water which is applied to soils for irrigation purposes.
In the case of marginal lands, water levels can already exhibit high stress or depletion rates. Negative
environmental consequences of excess irrigation and additional water depletion from newly established
cropping activities with deep rooting crops or trees can occur. However, certain cropping systems can
increase either groundwater or watershed levels. Water availability is a sub indicator which can monitor this
24

Deliverable 7.1 Good Practices: Marginal lands for Growing Industrial Crops (MAGIC) Horizon 2020
Project submitted November 2018
25
European Commission. (2016) Impact Indicators For the CAP Post 2013. European Commission
Directorate-General for Agriculture and Rural Development.
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change: water footprint, together with existing agricultural, industrial and human water uses must not exceed
the average replenishment from natural flow in a water.
Water quality
The water quality indicator shows the potential impact of agriculture on water quality due to pollution by
nitrates and phosphates.
This indicator helps us understand the impacts of crop cultivation on water quality as the nutrient balance
provides the estimate of potential water pollution. The potential risks of water pollution also depend on local
soil conditions and farm management practices.
GHG emissions from agriculture
Greenhouse gas (GHG) emissions from agriculture can be estimated by using the data on crop management
practices (tillage methods, irrigation methods, nutrient input rates, fertilisers use for cultivation) and crop
residues management along with the land use change. CH4 and N2O emissions need to be considered,
when dealing with land use and agricultural processes. They are measures as tonne CO2-equivalent.

Ecological Benefits
Marginal lands are in fragile land conditions which are prone to further degradation. These lands need high
input intensive agriculture practices to grow food crops, therefore to maximise the ecological benefits of the
existing land conditions with minimal input non-food crops are grown. These crops have the potential to
survive in marginal conditions and give good crop yield and produce biomass and seeds which can be used
for bioenergy and bioproducts. In addition to that some crops have positive effect on biodiversity and some
crops have potential to remove harmful chemicals and metals from the contaminated soil.
Socio-economic Indicators
Rural employment rate
This indicator measures the total employed people (15-64) in thinly-populated areas. It helps us understand
the ability of selected crop in rural development by increasing the local employment rate.
The employment structure can be further analysed in terms of its share of workforce at risk of poverty or
social exclusion in thinly populated areas, its share of skilled versus unskilled employees, male versus
female, and age groups. The sub-indicator of skilled versus unskilled can combine different titles such as
experts or agronomists, and components such as wage and labour costs. Additionally, according to AgriEnvironment, farm labour force can be broken down into direct or indirect employment, regular or nonregular, family or non-family, and holder or family member. There is possibility to add full regional direct job
equivalents where the biomass is being promoted. This indicator can tie in with other socio-economic
indicators. It is expressed in number of regional full-time jobs/tonne or GJ of end products (yearly).
Agricultural entrepreneurial income indicator measures the income derived from agricultural activities
that can be used for the payment of own production factors, i.e. non-salaried labour on farm, land belonging
to the agricultural holding and own capital. This is an important indicator for farmers to help them in the
choices
of
crops.
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Annex II: Selection of near-to-practice crops per country
The following tables presents the country wise selection of near-to-practice crops. The identified strength
and opportunities for each crop is also identified by country partners as it seems fit for their own context.
Table 1. Selection of near-to-practice crops for Italy
Crop Type

Lignocellulosic

Crops

Strength

Opportunities

Poplar

High level of knowledge on
mechanical harvesting.
The harvesting is performed with
large-size
modiﬁed
foragers
equipped with speciﬁc headers for
woody biomass. The use of selfpropelled forage harvesters (SPFH)
in a single-pass is a high throughput
system and the same type of
mechanization can operate also in
industrial crops, allowing the full
integration of the SRC in traditional
cropping systems.
Successful
experiences where also obtained
with the two-pass system

Miscanthus

High level of knowledge on
mechanical harvesting. A variety of
conventional hay forage equipment
are
suitable
for
harvesting
miscanthus. The plant can be
shredded and baled can be collected
in a single pass using self-propelled
forage harvester.

In
multibiopro
project
(www.multibiopro.eu) poplar had been
selected as non-food crop that can be
grown on marginal lands.
End uses: Solid biofuels, advanced
biofuels,
biobased
products
(construction
materials,
packaging
materials, etc.) paper & pulp.

Promising crop to be grown on
marginal lands and/or contaminated
lands.
It
can
be
used
for
phytoremediation.
End uses: Solid biofuels, advanced
biofuels, other industrial applications

Willow

High level of knowledge on
mechanical harvesting.
There are three main mechanical
harvesting methods for willow SRC:
Whole-shoot, Cut-and-chip, Cut-andbillet systems

Its roots stand highly anoxic conditions
and thus can be planted in waterlogged
conditions. Due to its high tolerance to
soils with heavy metals it can be used
for phytoremediation.
End uses: Solid biofuels, advanced
biofuels,
bio-based
products
(construction
materials,
packaging
materials, etc.) paper & pulp.

Cardoon
(Multipurpos
e crop)

High level of knowledge on
mechanical harvesting.
The harvesting can be performed
with different combine headers
(sunflower, maize) and with a
specific header developed for
Cardoon by CREA and Cressoni.

Drought resistant crop can be cultivated
on arid marginal areas of south EU.
It is a multipurpose crop. From its
seeds: oil, protein flour, active
molecules. From its stems: solid
biofuels (energy), paper and pulp, other
chemicals, etc. From its roots: organic
substances, chemicals, etc.
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Switchgrass

High level of knowledge on
mechanical harvesting.
Switchgrass harvest and postharvest handling operations are like
other grasses or crop residue. The
main harvest options are: Mowingconditioning and baling; Mowing and
loading with automatic loaders;
Mowing and pick up of dry biomass;
Single-pass harvest using selfpropelled forage harvester.

Giant Reed

High level of knowledge on
mechanical harvesting.
The harvesting is performed with
self-propelled
forage
harvester
(SPFH) commonly employed for the
harvesting of silage maize equipped
with row-independent header for
maize silage harvest (kemper type).

Promising crop to be grown on
marginal lands.
Large variety of cultivars and thus can
be successfully been cultivated in all
Europe.
End uses: Solid biofuels, advanced
biofuels, other industrial applications.

Promising crop to be grown on
marginal lands and/or contaminated
lands.
It
can
be
used
for
phytoremediation.

End uses: Solid biofuels, advanced
biofuels, other industrial applications

Eucalyptus

High level of knowledge on
mechanical harvesting.
The harvesting is performed with
large-size
modiﬁed
foragers
equipped with speciﬁc headers for
woody biomass

The rapid growth capacity and low
demands for agronomic inputs offer the
possibility to produce large quantities of
lignocellulosic biomass in marginal or
less productive soils.
Sustainable plantations of short and
medium rotation coppice can provide
high amount of biomass for bioenergy
production and other industrial uses,
mainly paper pulp, firewood and timber.
Moreover, the good wood quality opens
some interesting options to better
valorise the biomass obtained at the
end of the productive cycles (waste
lignin for advanced materials and
carbon fibers).

Sugar beet

High level of knowledge on
mechanical harvesting.
The harvesting is performed with
self-propelled sugar beet harvesters.

In the EU sugar market crisis, sugar
beet cultivation has great interest for
bioenergy (biogas and bioethanol) and
biorefinery purposes (bioplastics).

Carbohydrate
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Triticale

High level of knowledge on
mechanical harvesting.
When Triticale is grown for grain the
harvesting is like that for wheat. The It is a sustainable crop for Biorefining
harvesting of triticale for silage is like (starch and flour used as non-food
that of any small cereal forage crop.
feedstock)

Sorghum

High level of knowledge on
mechanical harvesting.
As for other annual or perennial
herbaceous crops, Sweet sorghum
can be harvest with self-propelled
forage harvesters equipped with
maize headers.

High drought resistant crop, deep
rooting system, can be grown on toxic
soils.
st and
nd
End uses: Bioethanol (1
2
generation) and biogas production.
Relatively drought tolerant, it tolerates
soil pH from 5.0 to 7.8. It can be
adapted to marginal land areas with
mild winters as an autumn crop, or as a
spring
one
in
short
season
environments.

Camelina

End uses: Its oil seeds characterized by
high content of erucic acid. Its oil has a
large variety of high-added value
High level of knowledge on bioproducts (chemical industry). The
mechanical harvesting.
cake of the seeds has high protein
Camelina can be harvested using content and is a valuable source for
regular combine with grain header
animal feeding.

Hemp

High level of knowledge on
mechanical harvesting.
The production of short fiber can be
achieved with forage harvester
equipped with modified cutting drums
(hemp cut system); Seed harvest is
achieved using combines with
adjustments to lift up the header;
Combined harvest of seeds and fiber
is achieved with the system is named
Double Cut

Rapeseed
(high erucic)

High level of knowledge on
Rapeseed HEAR has many non-food
mechanical harvesting.
applications.
the harvesting is performed with a
conventional combine with specific
headers.

Oil
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It can be grown on marginal lands
(grows best on moderately fertile). It
can tolerate pH 5.5-6.5 and saline soils.

Castor

Medium level of knowledge on
mechanical harvesting, based on
practical evidences but not yet
scientifically proven. The harvesting
is performed with combine equipped
with modified maize headers.

Source of ricin oleic acid, several
chemical and medicinal applications. Its
oil has international market with more
than 700 uses. Castor cake can be
used as nematicide

It has a strong taproot and thus thrives
in dry climates. It can be cultivated as
on both winter and spring crop.

Safflower

High level of knowledge
mechanical harvesting.
It is performed with a conventional End uses: Seeds (birdfeed),
combine equipped with wheat header (edible), dyes, medicines, etc.

Flax

High level of knowledge on
mechanical harvesting.
The harvesting is performed with the
following machines according to the
end use. For fibre collection the
harvesting foresees three steps:
puller and windrowing – turning –
baling. For combined fibre and seeds
collection, a turner deseeder follow
the
pulling
and
windrowing.
Conventional combine with wheat
headers for seeds collection.
Multipurpose crop

Sunflower

High level of knowledge on
mechanical
harvesting.
The
harvesting
is
performed
with
conventional combine equipped with
specific sunflower header

Crambe

Medium level of knowledge on Its oil has high erucic acid and has
mechanical harvesting, based on several industrial applications, while the
practical evidences but not yet seed cake can be used for soil bio
scientifically proven
fumigation.

Guayule

It has rubber which is rich on low The interest from the bio-based
molecular weight molecules making industries can be driving force to scale
them
suitable
for
bio-based up
the
production
level
and
applications and there is an interest
availability
of
propagation
materials
from the industry. The production of
Guayule is still at the research level and mechanization systems so that
farmers can adopt them easily.
and TRL is 3-5.

Oil

Specialty
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Table 2. Selection of near-to-practice crops for Spain
Crop Type

Lignocellulosic

Carbohydrate

Oil

Crops

Strength

Opportunities

Cardoon

Very wide experience with this crop
in Spain for bio-energy purposes
and lots of documents available in
the literature. No relevant agronomic
problems. Presence of many experts
from in Spain both from University Very linked to the development of the
(UPM) and research (CIEMAT)
electric energy biomass market

Sugar beet

Current expansion in intensive crop
Sugar
beet
farmers
very areas, substituting industrial tomato
professionalised and long industrial Double aptitude as energy and food
tradition
crop

Triticale

Adaptation to water stress and marginal
Existence
of
a
breeding areas
improvement programme for new Double aptitude as energy and food
varieties in Andalusian cooperatives crop

Sorghum

Interesting crop used like an Sorghum biomass can be used for
alternative to corn when there is bioethanol production and as a food
water limitation.
crop.

Camelina

Existence of a company (Camelina
Company) that covers the whole
chain
Very wide experience with this crop
in Spain

Hemp

Traditional crop for textile purposes High
CBD
demand
in
the
(years ago)
pharmaceutical industry and interest
Agronomic adaptation is ensured
from wide stakeholders

Double aptitude as energy and food
crop
Favourable environmental regulation
policies regarding biokerosene

Crop
in
expansion.
Some
Cooperatives (ACOR/AGROPRO)
Rapeseed
with
training
programmes
for Increasing demand after very serious
(high erucic) farmers to encourage its cultivation
food safety problematic over the 1980’s
Castor

Adapted to Mediterranean climate
conditions

Safflower

Very rustic crop that competes very
well with weeds. Adapted to
Mediterranean climate.

Ethiopian
mustard

Erucic acid content is high so it could be
A good choice to introduce into the interesting choice for biobased chemical
rotation with cereals. It needs the industry.
Glucosinolate
is
also
same type of machinery.
interesting like organic pesticide
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Specialty

Lupin

Interesting like an alternative crop
because it is a rustic leguminous.
CSIC (Spanish National Research
Council) has obtained new better
adapted varieties.

High demand by farmer as nitrogen
fixer crop. New varieties can be trailed
in order to meet this demand.
It has several uses like cosmetic, food
or energy.

Lavender

Crop with low water requirements
(300 mm/year).
Cultivation period:15 years
Good average profitability
High demand of lavender oil essence
Several
cooperatives
with and maximum price in 2019 due to
experience in Spain
problems in French cultivations

Peppermint

High demand from some companies
who want local and high-quality raw
A well-adapted crop in the north of material
Spain. There are some good Cosmetic and medicinal uses are the
experiences at Navarra
most common.

Chamomile

High demand from some companies
A well-adapted crop in the north of who want local and high-quality raw
Spain. There are some good material. Cosmetic and medicinal uses
experiences at Navarra
are the most common.

Table 3. Selection of near-to-practice crops for The Netherlands
Crop Type
Lignocellulosic

Carbohydrate

Oil

Specialty

Crops

Strength

Opportunities

Miscanthus

Established crop on small scale. New uses in building applications and
High biomass productivity
paper and board production

Sugar Beet

Uses of sugar beet by-products in nonExisting industry with large scale food applications; raw sugar beet and
production capacity, interest in molasses for fermentation routes to
expanding to non-food uses
biofuel and biochemicals

Hemp

Uses for fibres in textiles, composites
and building materials; oil seed in
Established crop, with increasing coatings
and
paints;
CBD
in
diversified demand
pharmaceutical

Flax

Flax
linen
production,
building
Small established crop with high-end materials, composites, oil seeds in
niche marked
coatings and linoleum

RussDandelion

Experimental crop with potential for Substitution of natural Hevea rubber for
rubber latex substitute
uses in tires, anti-allergic gloves,

Meekrap/Ma
dder
Rubia
tinctorum
Obsolete crop for textile dyeing
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Wede/Bolde
rik woad
Isatis
tinctoria

Obsolete crop for textile dyeing

Interest in biobased / natural dyes

Huttenut
Camelina
sativa

Obsolete oil crop can grow on poor
soils, salt tolerant

Grasses

Alternative
uses
needed
for
Established meadows for animal maintenance
of
peat/meadow
feed / high productivity
landscape / protein and fibre

Table 4. Selection of near-to-practice crops for The United Kingdom
Crop Type

Crops

Strength

Opportunities

Poplar

Poplar’s high yield makes it one of the
Poplar is one of the best yielding suitable energy crops for UK to meet
lignocellulosic woody crop species in their renewable energy targets under
UK soil and climatic conditions.
RED II and ILUC Directive.

Miscanthus

Miscanthus is also on the best
yielding perennial lignocellulosic
crop species suitable UK soil and
climatic conditions.

Miscanthus’s high yield makes it one of
the suitable energy crops for UK to
meet their renewable energy targets
under RED II and ILUC Directive

Sugar beet is widely grown in UK in
various agronomic conditions. The
energy gain and the output–input
ratios are significantly higher for
sugar beet compared to crops like
wheat or rapeseed.

Sugar beet’s high yield makes it one of
the suitable energy crops for UK and
they are significant feedstock for UK to
meet their renewable energy targets
under RED II and ILUC Directive

Lignocellulosic

Sugar beet
Carbohydrate

Calendula
Specialty

Calendula are crops with which has
both ecological and economic benefits.
Calendula is widely adapted to Small scale farmers can grow calendula
temperate climates and is best and make income because of their
suited in climatic conditions of properties
like
antibacterial,
northwest Europe.
antioxidants, and chemical called
flavonoid which can be used as a dye.
They can control pests when grown
together with other vegetable crops.
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Table 5. Selection of near-to-practice crops for Portugal

Crop Type

Crops

Cardoon

Lignocellulosic

Carbohydrate

Strength

Opportunities

Although it is not a crop that is being
exploited in Portugal in large areas, It is already being used for the
there are farmers that already have production of cheese and a wider
some experience with it.
cultivation of this crop can provide more
feedstock for the bioenergy and
biomaterials market. There is currently
a high interest in the extraction and
concentration of some compounds from
the leaves that show interesting
pharmacological properties

Eucalyptus

Wide experience with this crop in
Portugal for pulp for paper and lots
of documents available in the
literature. Presence of many experts
in
Portugal
including
strong
stakeholder (Navigator Company).
In fact it is a crop “in practice” in
Portugal.

Sugar beet

As long as there will be a stakeholder
interested in the product (sugar) the
In the past, farmers had a long farmers will be interested in this crop.
experience with this crop. As well as Double aptitude as energy and food
industrial stakeholders
crop.

Triticale

Existence of long tradition with this There are varieties well adapted to
crop, either with farmers and marginal areas, including drought
stakeholders
areas.

Sorghum

A crop that can be used as an
alternative to corn when there is
water limitation. Adapts well to the
Portuguese conditions in dry areas.

Lupin

Interesting like an alternative crop High demand by farmer as nitrogen
because it is a rustic leguminous.
fixer crop.

Corn

Existence of long tradition with this
crop, either with farmers and Double aptitude as energy and food
stakeholders
crop.

Cereals

Existence of long tradition with this
crop, either with farmers and
stakeholders

Flax

It is a multipurpose crop- fibre and oil
uses. Expansion of this crop to provide
Traditional crop for textile purposes feedstock for biomaterials is being seen
(years ago)
as a good option by the bioindustry for
Agronomic adaptation is ensured
its fiber uses.

Oil
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Wastes produced from the Eucalyptus
value chain, which are considered a
problem,
can be reused in the
framework of a circular economy
increasing the added value linked to the
entire crop

Adaptation to water stress and marginal
areas
Double aptitude as energy and food
crop.
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Sunflower

Traditional crop for oil production.
Agronomic adaptation is ensured

Lupin

Interesting like an alternative crop High demand by farmer as nitrogen
because it is a rustic leguminous.
fixer crop, not so much as an oil crop
Crop in expansion.

Some Cooperatives with training
programmes for farmers to encourage
its cultivation

Crop in expansion.

Some Cooperatives with training
programmes for farmers to encourage
its cultivation

Crop in expansion.

Some Cooperatives with training
programmes for farmers to encourage
its cultivation

Rosemary

Peppermint
Specialty

Adaptation to water stress and marginal
areas

Thyme

Due to expansion of production, the
wastes are being studied also in the
Green and Existence of fields of Tea in Azores. framework of the circular economy to
Black Tea
Agronomic adaptation is ensured,
add value to the entire chain.

Table 6. Selection of near-to-practice crops for Poland
Crop Type

Crops

Strength

Opportunities

Poplar

Technology of poplar cultivation is
highly developed. Its cultivation in
short rotation coppices requires low
input and allow to cultivate the crop
on low quality or marginal land.
Currently cultivated for bioenergy
and solid biofuels production (e.g.
pellets and briquettes).

Due to high yield of cellulose,
hemicellulose and lignin per hectare
can be used for production of high value
products e.g. specialty cellulose,
bioethanol, vanillin.

Miscanthus

C4 plant that can be cultivated on
lower quality soils, require little of
fertilization and protection from
pests and diseases. Part of
equipment used in cereal straw
acquisition (e.g. straw press) can be
used in miscanthus cultivation and
logistics.

Lignocellulosic
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Except bioenergy, miscanthus biomass
can be used for bioethanol production
and as additive to construction
materials.
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Willow

Technology of willow cultivation is
highly developed. There are over a
dozen of Polish varieties suitable for
cultivation in Poland. Its cultivation in
short rotation coppices requires low
input and allow to cultivate the crop
on low quality or marginal land.
Currently cultivated for bioenergy
and solid biofuels production (e.g.
pellets and briquettes).

Sugar beet

Nowadays, commercially cultivated
with
well-known
cultivation
technology and logistics. High yield In Poland cultivated also for sugar
from 60 to 80 tonnes per hectare, industry, which makes it available for
depending on production technology bioindustry e.g. for biofuels, bioplastic
and soil stand.
and other biomaterial production.

Camelina

Well known crop cultivated in
Poland since bronze age. It is low
input crop, which is resistant to
drought, low temperatures and most
of pests

Can be cultivated instead of spring oil
crops or winter oil crops that do not
survive winter. Since its oil is rich in
gondoic acid it could be interesting
choice for biobased chemical industry.

Use of high erucic acid rapeseed could
be interesting choice for biobased
chemical industry, since erucic acid
composition is perfect for using it for
biodiesel, lubricants, base oil for
cosmetics and other bioproducts.

Rapeseed

Nowadays, the most important oil
crop commercially cultivated with
well-known cultivation technology
and logistics. Winter and spring
varieties are available, which make
this crop easy for cultivation in most
of good and medium soil stands and
climate conditions in Poland.

Crambe

Crambe can be easily cultivated
with traditional equipment used for
rapeseed and cereals cultivation but
require less pesticides than typical
oil crops and cereals cultivated in
Poland.

Erucic acid content in crambe is more
than 50% in fatty acids composition.
Therefore, it could be interesting choice
for biobased chemical industry, since
erucic acid composition is perfect for
using it for biodiesel, lubricants, base oil
for cosmetics and other bioproducts.

Lavender

It is crop quite easy in cultivation
and require medium quality soils.
There are two species and up to 10
varieties that fits to different climatic
conditions of Poland. Lavender may
be used in many products e.g. soap,
cosmetics, fragrances, ornamental.

Could be cultivated in small Polish
farms and organic farms. Since it is
labour intensive may contribute to selfemployment in agricultural areas at
small organic farms.

Carbohydrate

Oil

Specialty
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Due to high yield of cellulose,
hemicellulose and lignin per hectare
can be used for production of high value
products e.g. salicylates, specialty
cellulose, bioethanol, vanillin.
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Table 7. Selection of near-to-practice crops for Lithuania
Crop Type

Crops

Strength

Opportunities

Poplar

Could be utilized for bioplastics
bioenergy, which would increase the
Perennial, low input can be grown use of local resources and energy
in marginal lands
independence.

Willow

Could be utilized for bioplastics
bioenergy, which would increase the
Perennial, low input can be grown use of local resources and energy
in marginal lands
independence.

Lignocellulosic

Carbohydrate

The new factory for fiber treatment was
built in Lithuania which requires the raw
material and hemp feedstock has the
potential.

Hemp

High yielding, low input crops.

Triticale

Good known growing technologies
and technique which could be used Could be used to increase the share of
for treatment.
renewables in transport sector.

Camelina

Can be grown in marginal lands.

Rapeseed

Demand of raw material for biodiesel
and lubricants production in LT and
Good known growing technologies, other countries to increase the use of
good overwintering abilities.
renewables in transport.

Oil

The need of specific products and
added-value products.
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