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Abstract
In the Panacea project the current status and potential role of Non-Food Crops (NFC) in the rural
renaissance has been investigated. The needs and interests of farmers to produce NFC have therefore
to match the demand of bio-based industries.
NFCs are used to produce a wide range of bio-products and bioenergy. In spite of considerable
investment in R&D and the increasing need of bio-based industries for supply of feedstock, NFCs are
not widespread in EU agriculture.
In this report the Strenghts, Weaknesses, Opportunities and Threats (SWOT) of near-to-practice NFC
and their application in bio-based products and bioenergy are established in order to make strategic
planning possible and acquire incorporation of NFCs in the European agriculture. An analysis was made
of sustainable cropping strategies and production, processing and supply chain organization, as well
as the regulatory framework and the market demands.
The result is a portfolio of opportunities, terms and conditions for the cultivation of near-to-practice NFC
and an analysis of their potential role in the renaissance of rural areas. Also, the critical success factors
for the crops have been defined in the context of bio-based supply chains. The selected, crop, product
and market combinations were based upon the outcomes of other work packages and deliverables in
the PANACEA project.
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1
Introduction
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1.1 Non-food Crops (NFCs) in EU agriculture
NFCs are used to produce a wide range of bio-products and bioenergy. In spite of considerable
investment in R&D and the increasing need of bio-based industries for feedstock, NFCs are not
widespread in EU agriculture, mainly due to challenges in supply chains and gaps in policy framework
and investment incentives.

1.2 Portfolio of opportunities for near-to-practice NFCs
The PANACEA project has made an inventory of NFC strengths, weaknesses, opportunities and threats
(SWOT) in order to make strategic planning possible and acquire incorporation of NFCs in the European
agriculture. An analysis was made of sustainable cropping strategies and production, processing and
supply chain organization, as well as the regulatory framework and the marketdemands.
The result is a portfolio of opportunities, terms and conditions for the cultivation of near-to-practice NFC
and an analyse of their potential role on the renaissance of rural areas. Also, the critical success factors
for the crops have been defined in the context of bio-based supply chains.
The selected, crop, product and market combinations were based upon the outcomes of previous work
packages in the PANACEA project (e.g. D1.31, D2.12 and D2.23).

1

http://www.panacea-h2020.eu/wp-content/uploads/2019/05/D1.3-Strength-and-opportunities-of-near-topractice-NFC-final-INI-reviewed.pdf
2
http://www.panacea-h2020.eu/wp-content/uploads/2019/05/PANACEA-D2.1-Bio-basedindustries%E2%80%99-needs-and-interests.pdf
3
http://www.panacea-h2020.eu/wp-content/uploads/2019/05/PANACEA-D2.3-Report-on-farmer-s-needsand-interest.pdf
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2
Methodology and approach

2.1 Selection of SWOTs
The SWOTs presented in this report were selected to analyse the strengths, weaknesses, opportunities
and threats (SWOT) of promising NFCs that can be grown in EU, taking into account the farmers’ and
biobased industries’ needs (WP2.1 and 2.2) and the outcomes of PANACEA events (WP3, WP4). The
SWOT matrix analyses are identifying the critical success factors for NFC development in the context
of biobased supply chains.
The SWOT analysis will indicate –along with the rest of the information collected- the direction of
strategic planning to be followed for a successful introduction / implementation in the agriculture practice
of these specific NFCs that are near-to-practice.
The selection of crops for SWOT matrix analysis were based on the following criteria:
• Selection of suitable combinations of Crop – Product – Country
• 5 SWOTs per country
• Two Crop-Product combinations per type of crop, grown in different geographic regions as
much as possible
• Even distribution of technology readiness levels (TRLs) of crops and markets over partners
(countries) as much as possible
In table 1 the selected crops for SWOT analysis per country and crop are given with indication of their
intended uses.
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Table 1 Overview of swots per country and crop. Intended use is indicated

Crop
SWOT annex A
Sugar and starch crops
1 - Sugar beet
1.1; 2.3
8 - Triticale
3.3; 5.3; 7.2
9 - Sorghum
3.5; 8.5
Lignocellulose and Fibre crops
2 - Hemp
1.2; 5.1; 8.3; 9.2
3 - Miscanthus
1.3; 2.2; 6.3
4 - Linseed
1.5; 7.5
5 - Poplar
2.1; 2.4; 5.4; 6.2
16 - Giant Reed
8.4
10 - Switchgrass
3.4; 9.3
11 - Willow
5.5; 6.5
Oil crops
6 - Camelina
3.1; 6.1; 7.1; 8.2; 9.1
7 - Rapeseed
3.2; 5.2
16 - Eucalyptus
4.2
16 - Sunflower
4.4
16 - Crambe
6.4
12 - Lupine
4.3; 7.3; 9.4
16 - Castor
9.5
Specialty crops
13 - Cardoon
4.1; 8.1
15 - Lavender
2.5
14- Russ
1.4
Dandelion
15 - Chamomilla
7.4
15 - Rosemary
4.5

1 NL

2 UK

Bioethanol

Biopolymers

3 FR

4 PT

Bioenergy/gas
Biomaterial
Textile
Bioenergy
Oilseed/fibre

5 LT

6 PL

Bioethanol

7 ES

8 IT

9 GR

carbohydrate
Bioenergy/gas

Textile
Buildingmaterial

Seeds

Fibres

Bioenergy
Oilseed/textile

fuels/materials

Bioenergy

Bioenergy
bioenergy

Biofuels

Bioenergy
Bioenergy

Biofuels
Cosmetic

Bioenergy
oleochemical

Oil

biochemical

Oil

Biofuel
Chemicals
Chemicals
Oleochemical
Cosmetics

Oil for NF

Chemicals

biorefinery

Biopharmacy
Rubber
Aromatic
Chemicals

Oil
Oil

2.2 Guideline used for creation of the SWOT
To prepare a SWOT matrix analysis for NFCs the following guideline was provided:
•
•

SWOT per one crop and one product-market combination
First, keywords for Strength, Weaknesses, Opportunities and Threats are provided. Next,
further explanation is provided.

1. Strengths & Weaknesses
The characteristics of the organization and/or product. It is therefore explicitly about internal
elements
2. Opportunities & Threats
The developments, events and influences to which the organization or product is subject. It is
therefore explicitly about external elements.
For each box (Strengths, Weaknesses, Opportunities and Threats), the participating institutes filled
out the required information about crop production characteristics, processing and market to complete
one SWOT focussing on their country.

Strengths
• Crop production
• Processing
• Market

Weaknesses
• Crop production
• Processing
• Market

Opportunities
• Crop production
• Processing
• Market

Threats
• Crop production
• Processing
• Market

With short text describing the case, including the following aspects:
•
•
•
•
•
•

Sustainable cropping strategies
Production and supply chain organization
Regulatory framework
Opportunities, terms and conditions for the cultivation
Role on the renaissance of rural areas
Critical success factors defined in the context of bio-based supply chains

2.3 Guideline used for determination of the TRL
For each combination of country-crop-product TRL (Technology Readiness Level) were determined
for both 1) the crop production and 2) the processing industry.
For the cultivation and harvest of NFC the following guidelines were used to determine the TRL
(Table 2, Table 3).
Table 2 TRL description for cultivation and harvest

TRL
1
2
3
4
5
6
7
8
9

Description PANACEA SWOT cultivation and harvest
Identification of NFC as an option
Cultivation requirements clear
Experiments with crop cultivation, small scale trials
Validation of performance of the crop cultivation in the trials
Multiple small scale trials (<1ha) in relevant environments (soil types, need for
fertilizers and crop protection)
Demonstration of crop cultivation, yields and quality and its requirements (moment
of harvest, method of harvest)
Testing and demonstration of crop cultivation in practice
Crop cultivation on large scale are clear and qualified (crop requirements,
mechanization)
Crop cultivation is proven on large scale (>100ha, depending on NFC).

For the processing of NFC the following guidelines were used to determine the TRL

11

Table 3 TRL description for processing of NFC
TRL

Description PANACEA Processing NFC

1

basic principles observed

2

technology concept formulated

3

experimental proof of concept

4

technology validated in lab

5

7

technology validated in relevant environment (industrially relevant environment in
the case of key enabling technologies)
technology demonstrated in relevant environment (industrially relevant environment
in the case of key enabling technologies)
system prototype demonstration in operational environment

8

system complete and qualified

9

actual system proven in operational environment (competitive manufacturing in the
case of key enabling technologies; or in space)

6
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3
Analysis of near-to-practice NFCs and
their application in bio-based products
and bioenergy
In the following sections, individual NFCs are discussed for the applications addressed in the SWOTs
elaborated by different countries. The full SWOTs are included in the Annex A and consecutively
numbered. The numbers of the SWOTs on which the analysis in this chapter are based are indicated
in the first paragraph of each section below.
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3.1 Sugar beet for bioethanol and bio-based polymers
SWOTs for the production of bioethanol and bio-based polymers from sugar beets have been included
in the Annexes A1.1 and A2.3. The analysis was performed in NL and UK, which both have a long
tradition of sugar beet farming for supply to the food industries.

3.1.1 crop production
In many EU countries sugar beet is a major crop (1.73 million ha in EU-28 in 2018)4, but is up to now
only limited applied for non-food purposes, because the food versus fuel discussion. So large scale
cultivation and logistics have been established to supply to industrial sugarbeet refineries to produce
crystal sugar. High productivity of sugar beet (up to 100 tonne as is/ha, 17.5 tonne sugar/ha)5 and
market demand make it one of the most important rotation crops for EU farming. Established
opportunities for supply of beets to alternative local processing units is not yet available. There is an
option6 for small scale biorefinery, with a stable price for the farmers to deliver their sugar beets and
become shareholder in the processing company.

3.1.2 crop processing
To minimize waste the sugar industries have created a range of co-products that now are used mainly
in animal feed. The non-food uses of sugar beet include the biorefinery and production of bioethanol,
proteins, pectins and cellulose from residues (molasse, beet pulp, coppice, leaves) or by biochemical
conversion of sugar to different ‘green chemicals’. Options have been explored for small scale local
operation in whole beet biorefinery plants and may be elaborated further.

3.1.3 market products
The industrial scale production of bioethanol based on sugar beet processing is available in EU (12.1
Mt/ 2014)7 with prospects for expansion, when EU wants to become less dependent of imports. The EU
imports significant volumes of bioethanol for blending in transportation fuel (E5; E10) 8. Whole year
round supplies of bioethanol to chemical industries based on sugar beet may need special attention
since it is a seasonal crop and long storage is still a problem. Small scale routes for whole sugar beet
processing and refining are of interest (e.g. Betaprocess), with relatively low investment costs and
options for instalment of rural processing units.
The potential of sugar beet for the production of biopolymers such as polylactic acid (PLA) has been
demonstrated and may expand in the near future, when policies to promote the bioeconomy are in place
and non-food uses of carbohydrates (sugar, starch) for chemical industries are acceptable and have
been demonstrated to be resource efficient. The Renewable Energy Directive (RED II) confirms the
importance of sustainably produced crop-based biofuels (and ‘green chemicals’, biopolymers) to
achieving EU climate goals. Introduction of sugar beet production for non-food will require organization
of the market and cooperation in the new chain from farm to (local) producer.

3.1.4 role on the renaissance of rural areas
Growing of sugar beet fits in the established rotation schemes of arable farming in NW Europe climate
conditions. Small scale rural production of bioethanol and ’green’ chemicals from sugar beet as NFC is
a new alternative outlet to the current supplies to centralized sugar industries. Beneficial will be the
creation of new jobs in rural areas for logistics (local storage, transportation), small scale local
4

https://www.cbs.nl/en-gb/news/2019/24/sugar-beet-harvest-in-europe-down
https://geling.info/suikerbieten/
6
http://www.betaprocess.eu/
7
http://www.eubia.org/cms/wiki-biomass/biofuels/bioethanol/
8
REDII: https://ec.europa.eu/jrc/en/jec/renewable-energy-recast-2030-red-ii
5
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biorefinery operations for pre-processing (leaves protein extraction9; cleaning) and processing of sugar
beet to fermentation feedstock and conversion to semi-products. The competition with industrial scale
fermentation of sugar syrups from beet and grains requires diversification of the end-uses of the sugar
beet based products and whole crop utilization.

3.2 Hemp fibre for textiles and as a multipurpose crop
SWOTs for the production of textiles from hemp and as a multipurpose NFC are included in the Annexes
A1.2, A5.1, A8.3 and A9.2. The analyses were performed for NL, LT, IT and GR.

3.2.1 crop production
Fibre hemp is grown in EU on ca 33.000 ha.10 Suitable varieties of fibre hemp (that have low THC
<0.2%) are available for cultivation on different soil types and all climate conditions in EU. Currently,
France is the major hemp fibre and hemp seed producing country in EU. Agronomic measures can be
selected for the optimum fibre quality and best crop yields (on average 5.4 tonne/ha straw, containing
1.6 tonne fibre and 2.7 tonne shives for 15,700 ha grown in the EU in 2013, 0.7-1 tonne seeds/ha).11,12
The harvesting methods for high quality fibre production require specialized machinery. Fibre quality for
textile use is very dependent on fibre extraction (dew) retting process. Local (small scale) preprocessing options for hemp stem separation technologies can be explored and introduced.

3.2.2 crop processing
The industrial production and supply chain of hemp fibre is established for building materials,
(automotive) polymer composites and non-woven insulation materials production. The production of
finer fibre fractions for use in textile processing is not available in EU. Alternative routes for fibre
processing and refining are of interest. Despite strong interest in the fashion industry for alternative
supply of fabrics based on hemp, the organization of the textile production chain in Europe is poorly
developed.
The use of fibre hemp by-products (CBD, hurds, seeds) is gaining commercial interest world-wide.
Especially the demand for the pharmaceutically active CBD extract is high. Higher production of CBD
will result in higher supply of hemp biomass, including fibre and hurds. The industrial production and
supply chain for biorefining purposes is limited to few cases in most EU countries.
Growing and processing of hemp and hemp products is regulated by law in EU13, but is hampered by
confusion around European Food Safety Authority classification of CBD as “novel food”. Each EU
country has different ways of enforcing these guidelines. Consequently, there is much confusion on
extraction of CBD and its use in novel foods, cosmetics and medicine.

3.2.3 market products
Hemp is a multi-purpose crop that can be grown to supply to a diversified market (TRL9) for fibre and
hemp by-products (short fibre, shives, seeds, and bioactive constituents). The valorisation of the whole
plant (seeds, flowers and biomass) is a crucial point to increase the overall profitability of the hemp
chain. The potential of hemp products in sustainable markets is significant. The market demand for low
CO2 impact textile fibres, as well as for biobased building products and composites is in potential high,
when the supplies of sufficient quantities of qualified feedstock can be realized.
9

https://www.suikerunie.com/
https://eiha.org/media/2017/12/17-03_European_Hemp_Industry.pdf
11
https://www.boerderij.nl/Akkerbouw/Achtergrond/2018/10/Teelt-van-vezelhennep-eenvoudig-en-kansrijk352144E/
12
https://eiha.org/media/2017/12/17-03_European_Hemp_Industry.pdf
13
https://ec.europa.eu/food/safety/novel_food/catalogue/search/public/?event=home&seqfce=72&ascii=C
10
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3.2.4 role on the renaissance of rural areas
Growing of fibre hemp fits in the rotation schemes of arable farming on many soil types and climate
conditions, thus increasing crop selection for farmers. Hemp must compete with other arable crops on
price, ease of production, etc. Growing hemp may offer interesting profit margins, also for small and
marginal areas, when processing units can be established in the area. Beneficial will be the creation of
new jobs in rural areas for harvesting and logistics (local storage, transportation), pre-processing
(leaves extraction) and processing of hemp fibre to textile fibre feedstock.

3.3 Miscanthus for bioenergy and building materials
SWOTs for the production of bioethanol and building materials from Miscanthus have been included in
the Annexes A1.3, A2.2 and A6.3. The analyses were performed for NL, UK and PL.

3.3.1 crop production
Suitable Miscanthus genotypes are available for cultivation on different soil types and climate
conditions within EU. Its total production area in EU (2019) is only ca 20.000 ha (TRL9). Growing and
processing of miscanthus and miscanthus products is not regulated or subsidized in EU. Miscanthus
is a woody perennial grass, which does not need use of pesticide. High biomass yielding hybrids of M
x giganteus; M sinensis and M sacchiflorus have been selected for high biomass yielding crops (1220 tonne/ha.year from 3 years after planting the rhisomes).14 Agronomic measures were selected for
the optimum moment of harvest in order to obtain best crop yields and quality. Good quality energy
pellets can be produced when harvested early spring. For biogas production green biomass harvest is
optimal in October. The harvesting methods for high quality fibre production do not require specialized
machinery (mowing & baling or chipping). Local (small scale) pre-processing options for miscanthus
pelletizing technologies for logistics and storage are of interest. Miscanthus plantations should be
established mainly on low-quality marginal or contaminated soils, that are less suitable for food or
feed crops. Miscanthus works well in undulating areas, where the extensive root system effectively
protects the soil from erosion. The commercial use of a plantation is, on average, 10-15 years.

3.3.2 crop processing
The industrial production and stable supply chain of miscanthus biomass as NFC is not fully
established yet (TRL 8) for energy pellets, fibre pulp, composites or insulation materials production.
The options for local production and use on farm for energy supplies were investigated and
miscanthus based building materials and packaging are being commercialized by start-up companies
in Europe. Small scale pulping and miscanthus fibre production by various technologies have been
demonstrated (TRL8).
Analysing different value chains for miscanthus, the GHG and fossil-energy savings were highest for
the miscanthus biomass when it was used as insulation materials. The cost competitiveness of
miscanthus as insulation material may increase by reducing the distance between the production site
and the processing plants, i.e. local preprocessing units.

3.3.3 market products
The production of miscanthus biomass for energy purposes is still in development in many European
countries (TRL8) as well as in the USA. For energy industry, the biomass obtained is an alternative
and supplemental source to cereal straw and wood from forests. Miscanthus based paper products
and packaging materials are marketed and produced on small scales (TRL9). Biocomposites (PLA
filled with miscanthus fibre) and building materials (light weight mineral matrix fibre composites and

14

http://cradlecrops.nl/olifantengras-miscanthus-giganteus/opbrengst/
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insulation materials) have been demonstrated technically feasible and are explored for
commercilaization. However biomass supply to provide volumes to building industries requires
alignment as miscanthus needs to be planted 3 years prior to the first harvest. The success of
miscanthus depends on volumes of energy crop production and diversified market development for
miscanthus; local demand for renewable energy.

3.2.4 role on the renaissance of rural areas
Growing of miscanthus fits in marginal plots and fringe lands (or set aside land), which are otherwise
left unproductive, and as wind screens. It may keep birds (geese) from landing (air landing strips). It is
a high yielding biomass crop with limited labour intensity. Crop production is possible on many soil
types and climate conditions. Beneficial will be the diversification of the income sources for farmers
and creation of new jobs in rural areas for logistics (local storage, transportation), pre-processing
(compaction) and local processing of biomass feedstock.
Miscanthus fits well into the strategy of the Bioeconomy of the European Union and there is an
opportunity to grow it on underutilised land (PL ca. 2 million ha). Therefore, miscanthus cultivation gives
the opportunity for additional income in the agriculture and biomass logistics sector.

3.4 Linseed flax for oil and textile fibres
SWOTs for the production of oil and textile fibres from Linseed flax have been included in the Annexes
A1.5 and A7.5. The specific cases for seed flax as NFC for production of both oil and fibre were
evaluated for NL and ES.

3.4.1 crop production
Suitable varieties of linseed and fibre flax are available for cultivation on different soil types and
climate conditions. Agronomic measures are established in NW Europe for the optimum moment of
harvest and best crop yields. In 2018 world wide 240.000 ha of flax fibre and 3.264.000 ha of linseed
were grown (FAO stat). Europe is with 222.000 ha the largest producer of fibre flax (92%) but linseed
flax is with 876.000 ha only a quarter of the global production area. France is the most important
producer of flax (106.000 ha) and linseed (46.000 ha) in Europe. In UK 25.000 ha of linseed is
harvested. In Belgium and The Netherlands, both with a long tradition in flax production, the area has
declined to respectively 16.000 and 2.000 ha of fibre flax/linseed only. Yield of fibre flax is about 4 – 8
tonne/ha of straw (20-25% fibre) and 0.5-1.6 tonne/ha of seeds.15 For oilseed flax the values are 1.62.5 tonne/ha of straw and 1.75 tonne/ha of seeds.16,17 In South Europe flax is not established but
offers several possibilities as there are spring and autumn varieties and have different uses either for
textile use or as an oil plant. As rotation crop it may improve harvest of cereals as it breaks the cycles
of development of pests and diseases. EU production of non-GMO linseed create opportunities for
farmers.

3.4.2 crop processing
Flax is traditionally grown for production of linen textiles and for the linseed oil which is widely used in
non-food applications in flooring (linoleum), varnishes and paints. For the long flax fibre production
specialized harvesting and processing methods of the flax straw (retting, schutching, hackling) are
required to produce parallel long fibres suitable for yarn manufacturing. Oilseed flax varieties have
short stems and are branched and therefore not suitable for linen textile industries, however, the
oilseed flax fibres may be suitable for application in fibre reinforced composites and insulation
materials (TRL 6).
15

https://www.nieuweoogst.nl/nieuws/2019/09/13/vlas-laat-dit-jaar-mooie-opbrengstcijfers-zien
https://www.nrcresearchpress.com/doi/pdfplus/10.4141/CJPS08233
17
https://www.ocl-journal.org/articles/ocl/full_html/2015/06/ocl150007/ocl150007.html
16
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The industrial production and supply chain of linseed is established for food grade seeds and oil
production. The production of linseed oil for non-food uses (coatings and flooring) is established in
EU/NL. However most linseed oil used in EU industry is imported (Canada, India, Argentina).

3.4.3 market products
The decline of fibre flax in the past decades is caused by the relatively high costs of linen
manufacturing, which is labour intensive and now largely outsourced to China. Hackled European flax
fibre is exported to China for spinning, weaving and finishing. Flax tow (short fibre) finds increasing
demand as insulation material for building. Flax shives are converted into particle boards or animal
bedding. The use of linseed straw for use of the fibre fractions for use in textile processing is not
available in EU. Alternative routes for fibre processing and refining are of interest. Local (large or
small scale) pre-processing options for linseed straw separation technologies have been explored 18.
In Canada research was performed into the utilization of oilseed straw (TRL5-6)19,20.

3.4.4 role on the renaissance of rural areas
Growing of linseed and fibre flax fits in the rotation schemes of arable farming on many soil types and
climate conditions, increasing income for farmers. Beneficial will be the creation of new jobs in rural
areas for harvesting, logistics (local storage, transportation), pre-processing (fibre extraction) and
processing of linseed straw to fibre feedstock to manufacture yarn and non-woven and building
materials. The development of biorefineries linked to the use of vegetable oils in substitution of
petroleum derivatives is an opportunity that is coming progressively, although it is still in the research
and exploration phase of its potential uses (TRL6).

3.5 Poplar for biofuels, bioenergy and packaging
SWOTs for the production of biofuels, bioenergy and packaging materials from Poplar have been
included in the Annexes A2.1, A2.4, A5.4 and A6.2. The cases were analysed from UK, LT and PL
perspectives.

3.5.1 crop production
The area of poplar is ca 54 million ha world wide. Most (99%) is found in Russia, Canada, USA and
China where it is managed for multipurposes (wood production) and environment protection 21 . In
Europe France (360.000 ha) and Spain (145.000 ha) have the largest poplar planted areas. UK has
only 1.300 ha) and the area of poplar cultivation in Poland is ca 7.500 ha. Increasing interest is observed
for its use as fast growing species for energy purposes (up to 10.5 tonne/ha.year).22,23 There are many
hybrid varieties of poplar enabling the selection of species which suits the local soil and climatic
conditions. Poplar is a suitable high yielding energy crop for biofuel production as they can be grown at
a high density of over 10.000 trees per ha, as short rotation coppice (SRC). For production of timber
wood (quality logs, 250 trees/ha) and wood chips for paper (1000-1300 trees/ha) and panels production,
lower densities are planted. Poplar is grown in the areas which have limited profitability for other
agricultural crops. Poplar plantations should be established mainly on low-quality marginal or
contaminated soils that are less useful or not suitable for growing food or feed crops.
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https://www.bio.org/sites/default/files/Alvin%20Ulrich.pdf
https://flaxcouncil.ca/growing-flax/chapters/flax-straw-and-fibre/
20
https://doi.org/10.1166/jbmb.2009.1035
21
http://www.fao.org/forestry/45094-08e1e5bf441bc41bb139e66da0915f2c.pdf
22
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http://www.fao.org/forestry/45094-08e1e5bf441bc41bb139e66da0915f2c.pdf
19

18

3.5.2 crop processing
Currently, in UK poplar is grown in smaller-scale plantations. Therefore, the formation of local farmers
co-operatives is required to grow poplar to supply bioenergy plants. Trees are harvested in 3-4- or 8year harvest cycles. The biomass in longer rotation cycles is obtained using specialised harvesters that
separate the main shoot from the side branches.

3.5.3 market products
Poplar wood is used in paper pulp industries, packaging, and panel industries. The main use of poplar
biomass at the moment is bioenergy generation (fuel wood). Its use in biorefineries for 2nd generation
lignocellulose based bioethanol or ‘green’ chemicals is investigated and still on limited production scale
(TRL5).

3.5.4 role on the renaissance of rural areas
Poplar can be grown in surplus, marginal and fringe lands which are otherwise left unproductive. This
can diversify the income sources for farmers and create new jobs in rural areas. Poplar fits well into the
strategy of the Bioeconomy of the EU. In Poland is about 2 million ha underutilised land that may be
planted with poplar and provide local opportunities for additional income in the agriculture and biomass
logistics sector, with a significant value to energy/ biorefineries and paper industries.

3.6 Camelina for biofuels and chemicals
SWOTs for the production of biofuels and chemicals from Camelina have been included in the Annexes
A3.1, A6.1, A7.1 and A8.2. The perspectives from FR, PL, ES and IT were drawn.

3.6.1 crop production
Camelina (Camelina sativa) is an undemanding plant when it comes to soil requirements. Camelina
has a short growing period. So, it can be used in double cropping systems in S Europe or as a single
crop when winter is long in N Europe. It can also be used in crop rotation to reduce the pest pressure
on the food crops. Camelina requires low inputs (fertilizers) and is frost and drought tolerant. It is a way
for farmer to diversify their succession planting and to improve the sustainability of their farms. Camelina
can be seeded and harvested with conventional farm equipment (TRL 9). The yields of seeds is not
high (1.3-2.6 tonne/ha of seeds, 0.69-0.93 tonnes of oil)24, but the oil characteristics are in demand by
oleochemical industry.

3.6.2 crop processing
The production and processing of Camelina oil is currently limited. There is no large scale production
yet of camelina for industrial purposes. To supply the Chemical sector, a significant production will have
to be established. The oil is used in limited volume in (organic) food production but also as a biofuel (in
USA). The logistics is currently the limiting factor because it is difficult to develop small storage and
processing capacities.

3.6.3 market products
Camelina has been studied for biofuel production (TRL7), where its low production cost has been seen
as a driver. Camelina is regarded as an opportunity by aviation sector to produce biojet fuel.
The fatty acid profile of camelina oil is attractive to industry for applications such as paints and
varnishes, linoleum, epoxidized oil (PVC plasticizers).Use of Camelina oil in industrial applications,
besides biofuels, will be regulated by REACH. Cost for registration of new products would restrict the
market penetration. As NFC, camelina oil could replace food oil crops in biofuels production according
24
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to the RED II Directive and ILUC Directive. Ecological benefits can be recognised as Greening
measures under EU CAP.

3.6.4 role on the renaissance of rural areas
Camelina fits well into the strategy of the Bioeconomy of the EU and can be a source of new income
for farmers as main crop or as intermediate crop. With the structuration of new small-scale value-chains
from farmers to manufacturers, camelina could create new added value for rural territories, especially
poor soils. Its cultivation gives the opportunity for additional income in the agriculture and biomass
logistics sector.

3.7 Rapeseed (HEAR) for cosmetics, polymer additives and
biofuels
SWOTs for the production of cosmetics, polymer additives and biofuels from Rapeseed have been
included in the Annexes A3.2 and A5.2. for FR and LT.

3.7.1 crop production
Biofuel production from rapeseed is a common practice in EU. Production of High Erucic Acid Rapeseed
(HEAR) is very similar to classical rapeseed. Rapeseed is largely widespread in EU (ca 9 million ha),
whereas HEAR is localized in only one region (FR) at just 20.000 ha. Rapeseed and HEAR play an
important role in the succession planting as starter crops and play a positive role on the following cereal
(higher yield and less inputs). Yield of rapeseed is 3-4 ton/ha.25 Farmers need to make sure that their
field is isolated from classical rapeseed areas to avoid cross pollination that could reduce the erucic
acid content.

3.7.2 crop processing
Industrial processing of rapeseed is established and HEAR will not need additional technology. Local
processing industry for oil extraction is available (TRL9). The conversion to ‘green’ chemicals has been
demonstrated in industrial environment (TRL6).

3.6.3 market products
Rapeseed is an important oilcrop for EU and its use as NFC is widespread for the production of
biodiesel. There is interest from the Chemical industry for the use of HEAR to produce ‘green’
chemicals. For the moment there is no specific regulatory framework that supports the development of
HEAR. Only the REACH legislation for chemical products may have an impact on the market
development.

3.7.4 role on the renaissance of rural areas
With a stagnation or a decreasing use of rapeseed oil for biofuel production, HEAR could be a way to
replace rapeseed production in some regions. It is particularly the case in intermediate regions with low
agronomic potentials where rapeseed is necessary for farmers without any other alternatives.
Rapeseed is often in these regions the most profitable crop and the first source of income.

3.8 Triticale for bioethanol, biogas and carbohydrates
SWOTs for the production of bioethanol, biogas and ‘carbohydrates’ from Triticale have been included
in the Annexes A3.3, A5.3 and A7.2.
25
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3.8.1 crop production
In Europe more than 3 million ha of triticale is harvested (FAO 2018), which is 85% of the global area.
Triticale crop production as winter catch crop is well established. There are suitable varieties available
for different climatic conditions (7-9 tonne/ha).26 The crop production technologies do not differ from
other cereals; thus, the same equipment can be applied. It is a rustic and disease resistant crop that
adapts well to a low-input cultivation strategy.

3.8.2 crop processing
The production of triticale grains can use the technologies as common for other cereals (TRL9). Whole
year storage (silage) is possible but it is important to control moisture contents.

3.8.3 market products
Triticale has the possibility of being used in both the food and non-food markets and is commercially
traded. As NFC it is promoted for biomethane production on farm (FR) and for the production of
bioethanol. This is a new market that is not very demanding in terms of grain quality, which expands
the possibilities of its development in cultivation conditions that are more limited by soil or climate.
Industrial Biorefineries development is required to enhance the market demands.

3.8.4 role on the renaissance of rural areas
Farmers are really interested by this crop to diversify their cultivation systems and their income sources.
It is also a way to create new rural jobs, like for example for logistics, for design, construction or
operating of biogas plants, and a solution for the production of renewable energies, the reduction of
GHG emissions, the reduction of mineral fertilizers or the storage of carbon in the soil.

3.9 Sorghum for biogas and bio-based materials
SWOTs for the production of biogas and bio-based materials from Sorghum have been included in the
Annexes A3.5 and A8.5 for FR and IT.

3.9.1 crop production
In Europe ca 230.000 ha of Sorghum is harvested (FAO 2018), which is just 0.5% of the global land
used for sorghum cultivation. Sorghum can be grown with low input strategies on marginal lands.
Sorghum is drought resistant but low temperature sensitive. There is a large genetic variability in
Sorghum for production of grain, sugar or for silage (Sudangrass). It can be an annual or perennial
crop. In EU climatic conditions silage is considered the best way for biomass production with local
storage to decrease transport costs. Yield varies from 6 to 20 t/ha dry matter, with an average of 15
t/ha27 depending on soil, moisture, temperature and cropping systems: whole energy crop or double
cropping.

3.9.2 crop processing
Sorghum biomass can be produced with minimum inputs even in semi-arid areas with soils of low
fertility. It can be processed with existing machinery and stored by ensilage (TRL9). It can be used as
biomass feedstock for biorefinery and fermentation to bioethanol (grain, sweet sorghum) or in (small
scale) biogas installations.

26
27
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3.9.3 market products
Sorghum as NFC has mainly received attention for biomass to produce bioethanol or biogas
(SWEETFUEL)28. The biomass sorghum whole crop use for 2nd generation bioethanol production was
evaluated as most suitable for temperate climate, while sweet sorghum production and sugar
fermentation (1st generation bioethanol) is considered an option for S.Europe 29. The sugars can also be
used in biorefineries for ‘green’ chemical production. The use of sorghum biomass in biogas production
is most interesting for local units to produce coocking fuel, electricity and heating. Essential for profitable
crop production is the presence of nearby biogas plant (both for market access and for logistic issue
due to the transportation costs).

3.9.4 role on the renaissance of rural areas
Rural employment for logistics and valorisation is a main outcome for this type of valorisation. Sorghum
management, especially in double cropping systems is a way to decrease depreciation and costs of
farm machinery. The crop and farm competitiveness improves with a better use of existing machinery.
With a low impact on the environment, attractiveness of rural areas could get higher.
The use of sorghum as a biogas feedstock opens opportunities for farmers in less productive rural
areas, to produce local renewable and CO2 negative energy.

3.10 Switchgrass
SWOTs for the production of bioenergy from Switchgrass have been included in the Annexes A3.4 and
A9.3 for FR and GR.

3.10.1 crop production
Switchgrass is native to N. America and a typical biomass crop that is grown as fodder crop and NFC
for bioenergy production and biofuels. Different varieties are suitable for EU climate conditions. In
Europe the area is limited to experimental plots (TRL6). Switchgrass is a perennial grass that must be
sown at the beginning of May into fields cleared from weeds with fine soil tillage. First year after seeding
is not productive. It can be grown on abandoned agricultural lands and is drought and pest resistant.
Yield is typically in the range 10-12 tonne/ha.30

3.10.2 crop processing
Harvest can be done with silage machines for local use (low bulk density) or mower and balers to
transport on longer transportation ways (TRL9). At the end of the winter, switchgrass is dry enough (15
to 20 % moisture) to be stored for its valorisation. Currently there is no commercial demand in EU for
switchgrass from companies producing pellets and/or briquettes (TRL831).
Demonstration/pilot fields and biorefinery plants for the processing of switchgrass should be established
in collaboration with all stakeholders (farmers, cooperatives, farmer’s advisors, end-users, etc.) .

3.10.3 market products
Swichgrass is explored (mainly in USA and Canada) as biomass feedstock for bioenergy (chips, pellets
and/or briquettes for combustion, torrefaction) and 2 nd generation advanced liquid biofuels
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https://cordis.europa.eu/project/id/227422/reporting / www.sweetfuel-project.eu.
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Elbersen, Wolter, Poppens, Ronald, Bakker, Rob, 2013, Switchgrass (Panicum virgatum L.), a perennial
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Food & Biobased Research, june 2013,
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(lignocellulose fermentation) (TRL4). Bio-energy plant development is the main success factor to grow
switchgrass.

3.10.4 role on the renaissance of rural areas
Farmers are really interested in growing perennial lignocellulosic crops on remote fields or special
areas. Switchgrass production is a way to use machinery and labour time during a longer period over
the year and maintain or develop rural jobs especially for logistics.

3.11 Willow for bioenergy
SWOTs for the production of bioenergy from Willow have been included in the Annexes A5.5 and A6.5
for LT and PL. The case was considered vry similar to poplar production

3.11.1 crop production
The global area of willow is smaller than for poplar and estimated to be 9 million ha, which is largely
natural (95%) and only 5% planted (400.000 ha). Most willow resources are found in Russia. The
planted willow area is found mainly in China, as reforestation program. Willow plantations should be
established mainly on unproductvie marginal (mostly too wet marshlands or remote locations) or
contaminated soils that are not suitable for growing food or feed crops. Like for poplar the biomass
production is established with mechanization of processes such as planting, fertilization, plant
protection and harvesting. The commercial use of the plantation is, on average, 20-25 years up to 30
years.
Within EU only small areas are planted for biomass production (e.g. 20.000 ha in Germany, 40.000 ha
in Sweden, 8.000 ha Poland, 10.000 ha Spain)21). Biomass yield on dry mass basis ranges from about
4 t/ha when permanently under water32, up to 30 t/ha.year for productive soils.33 In The Netherlands34
willow production has a long tradition for uses in civil engineering and wickerwork. Currenltly small
experimental plots for energy crop production were established.

3.11.2 crop processing
The production of willow biomass for energy purposes in short 3-4 year rotation cycles (SRWC – shortrotation woody crops) is still in development in many European countries as well as in the US, Canada
and China. Processing of willow biomass can use existing wood processing infrastructure (TRL9). For
energy and paper industries, willow chips can be an alternative source of lignocellulosic biomass.

3.11.3 market products
Willow production in agroforestry systems are used for multipurposes, as biomass for fuel wood, and
roundwood. Markets for willow biomass are: particle board (44%), wood pulp (37%), sawnwood (14%),
fuel wood (4%) and wood chips (1%)21. In EU the current willow biomass production and use is limited.

3.11.4 role on the renaissance of rural areas
Willow fits well into the strategy of the Bioeconomy of the European Union. There is an opportunity to
grow it, especially due to the fact that the crop can be cultivated on underutilised land. Therefore, willow
cultivation gives the opportunity for additional income in agriculture and biomass logistics sector.
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https://www.veenweiden.nl/wp-content/uploads/2019/06/Brochure-Natte-teelten-6-6-2019.pdf#page=20
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Stichting Probos.
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3.12 Lupin for bioactive compounds
SWOTs for the production of lupin have been included in the Annexes A4.3, A7.3 and A9.4 for south
European conditions in PT, ES and GR.

3.12.1 crop production
In Europe 234.000 ha of lupin is harvested (FAO 2018), which is 23% of the global production area.
Poland (96.000 ha), Germany (23.000ha), and Greece (17.500 ha) have the lagest production areas.
Lupin does not require nitrogen fertilization and fits in crop rotation schemes and requires limited
agrochemicals for pest control. The availability of proper seeds (up to about 1000-3500 kg/ha)35,36 and
harvesting equipment is limiting the expansion of crop production.

3.12.2 crop processing
The current production and supply chain for lupin is connected with food and feed industries, with
minimal processing. Alternative routes for crop processing are of interest to produce protein and
bioactive compounds.

3.12.3 market products
Bioactive components that can be produced from lupin is gaining interest. The use of bioactive
compounds for pharmacological/medicinal/cosmetic markets require the approval for novel bioactive
ingredients use in medicinal /pharmacological /cosmetic products and REACH legislation for chemical
products. The market for Lupin for non-food applications needs to be developed still (TRL3).

3.12.4 role on the renaissance of rural areas
Lupin can be a source of new income for farmers as it fits in the rotation cycles or as a main crop
suitable for production on marginal soils. Lupin could create new added value for rural territories, such
as new jobs linked with logistics, storage, pre-processing and processing. New markets can be opened
with this type of production in both the food and non-food sectors.

3.13 Cardoon (Cynara cardunculus)
SWOTs for the production of lupin have been included in the Annexes A4.1, and A8.1, both for south
European conditions in PT and IT.

3.13.1 crop production
Cardoon is a traditional perennial food crop originating from the Mediterranean and is addapted to the
warm and dry climatic conditions. The flower buds and leave stalks are consumed. Cardoon can be
cultivated in semi-arid marginal areas, tolerating high salinity in soil, yielding about 7.5 t/ha biomass,
and about 600 kg/ha of seeds.37 The long root system can contribute to soil improvement and erosion
control. Use of the seed oil and biomass in non-food applications is not common but under investigation.

3.13.2 crop processing
The biomass of cardoon can be harvested using a combine equipped with specific header that
separates the capitula from the rest of the plant while leaving the leftover biomass in windrows, ready
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for baling. Marginal lands may be less suitable for big machines movement. Processing of cardoon for
extraction of dried flowers is artisanal. Alternative routes for crop processing are of interest.

3.13.3 market products
Extracts from dried flowers are used in the production of cheese. There is interest (TRL4) in Cardoon
seeds for oil, protein flour, and bioactive compounds. The use is investigated of straw/stems biomass
for biorefining to solid biofuels, paper and pulp, other chemicals. Cardoon seed oil can be used for the
production of biodiesel.

3.13.4 role on the renaissance of rural areas
Cardoon can be a source of new income for farmers as main crop or as a crop produced in marginal
soils. Cardoon could create new added value for rural territories, such as new jobs linked with
development of local infrastructures for logistics, storage, pre-processing and processing.

3.14 Russian Dandelion
Only one SWOT for Russian Dandelion (Taraxacum koksaghyz) for rubber production was evaluated
in A1.4.

3.14.1 crop production
In the European project Drive4EU the production of rubber and inulin from Russian Dandelion was
demonstrated (TRL4). Improvement in breeding and agronomy is needed for high rubber yielding crop
cultivation.

3.14.2 crop processing
The industrial production and stable supply chain of Russian Dandelion is not established yet for
rubber or inulin production. The biorefinery process for extraction of rubber and inulin has been
developed (TRL5). Processing for food grade inulin production needs improvement (TRL4).

3.14.3 market products
The wish to reduce the dependence of EU of rubber imports makes Russian Dandelion as alternative
source of rubber an interesting crop. There is no industrial infrastructure for rubber production in EU,
but the demand for rubber (e.g. anti-allergenic medical gloves, preservatives, tyres, conveyer belts
etc) is high. The byproduct inulin could add value as low calorific sweetener.

3.14.4 role on the renaissance of rural areas
Growing of Russian dandelion will require arable land and will compete with food crops production.
When combined with rubber also food grade inulin can be produced, the crop value increases and
this discussion can be avoided. Crop production is possible in central and eastern EU climate
conditions. Beneficial will be the creation of new jobs in rural areas for logistics (local storage,
transportation), pre-processing (cleaning, inulin extraction) and local processing of residual biomass
feedstock.

3.15 Aromatic Herbs
The SWOTs were prepared for the aromatic herbs Lavender in UK (A2.5), Chamomilla in ES (A7.4),
and Rosemary in PT (A4.5).
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3.15.1 crop production
Aromatic herbs production like lavender, chamomila and rosemary is commonly performed on small
scales, apart from production fields of lavender for the French perfume industry. Rosemary and
lavender are perennial crops, while chamomilla is annual. Rosemary is grown for flavour in food,
Chamomilla mostly as herbal tea. Crop production is labour intensive with low yields of (high prized)
dried herbs or essential oils.

3.15.2 crop processing and market products
The current production and supply chain for aromatic herbs is established for the use in cosmetics,
food, and pharmacological/medicinal herbs. Extraction of essential oils and bioactive compounds for
biobased chemical markets is gaining interest (TRL4).

3.15.4 role on the renaissance of rural areas
Lavender is already grown in the UK in small-scale farms and have small niche market. In Portugal
Rosemary can be a source of new income for farmers as main crop. Rosemary production could create
new added value for rural territories, such as new jobs linked with logistics, storage, pre-processing and
processing. There are training programmes to encourage farmers to grow specialty crops such as
rosemary. Organic production of Chamomilla (ES) is an impulse to traditional family farms, being able
to revalue the use of own labour. Diversification of the crop rotation and enhanced ecological systems
contribute to reduce the environmental impacts of current intensive agriculture in fresh drylands.

3.16 Other crops
Single SWOTs were prepared for biorefining and non-food uses of Eucalypt (4.2); Sunflower (4.4);
Crambe (A6.4), Giant Reed (A8.4); Castor (8.4).
Eucalypt and sunflower are well established crops in PT. Their alternative uses were evaluated.
As Eucalypt production is known to be effective for reforestation but to have significant effects on
landscape, soil nutrient exhaustion, water availiability and biodiversity 38, its role in the renaissance of
rural areas for arable cropping on marginal lands may be suitable, although the current large scale
production commonly, does not implement the biorefinery concept on residues (bark and leaves) for
the extraction of components like eucalyptol and small scale production cannot compete with
industrial forestry.
Sunflower production on marginal lands will not yield the desired crop and its disputed non-food use
in biodiesel can only be competitive when high yields and productivity can be achieved.
The potential of Crambe was reviewed for PL. It is currently not an established crop in Europe, despite
research efforts to introduce it as industrial crop (TRL7). As non-edible crop with high erucic acid oil
seeds it would fit in the cropping schemes and be cultivated on contaminated and underutilised land.
Industrial interest in erucic acid could increase the market demand for crambe seeds, besides HEAR.
Moreover, crambe oil is used in small “green and organic” beauty industry directly or as a cosmetic
ingredient. Therefore, the crop could be cultivated not only on a large scale, for industrial purposes
(lubricants, biofuels), but it could also engage small and organic farmers, for whom such production
would give an additional profit.
Giant reed is a common weed in the Mediterranean, which is known to be invasive and out-compete
other crops. With its high yields of biomass it is of interest as feedstock for biogass and biofuel
production (TRL5). Its current commercial uses are limited and crop production and supply chains not
established (TRL 6).
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Castor crop production is not established in Europe (TRL4), despite that it occurs in the wild in the
Mediterranean. The increased demand in oleochemical industry for ricinus oil may trigger its production.
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4
Suitability of near-to-practice NFCs for
application in bio-based products and
bioenergy
In the following sections, the suitability of NFCs per type of application is discussed.
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4.1 Textiles from Hemp and Flax

TRL cultivation

TRL processing

Hemp and flax yield long and strong bast fibres, that have a long tradtion in yarn and rope manufacturing
for textiles, canvas, sails and twine. The labour intensity of the production and the cheap synthetic
petrochemical alternatives have caused the decline of crop production in the 20 th century. Revival of
the flax and hemp fibre production for textile use is one of the scenarios that may reverse the current
negative impact of textiles consumption on the environment.
The crop production of fibre flax in NW Europe (FR, BE, NL) for linen manufacturing, currently is largely
exported to China for yarn and fabric production and confectioning. Most of linen textile industries have
vanished from Europe. Linseed production for non-food is still important for its uses in coatings and
flooring. The linseed straw does not find commercial application on significant scale although its bast
fibres, may find interesting markets, when the technology for fibre extraction can be adjusted to the
branched straw (TRL5). The established applications of flax tow in building insulation, fibre polymer
composites and other applications also could make use of linseed straw bast fibres.
Hemp

Harvest

Retting

Scutching

Hackling

leaves

Retting loss

Woody core

Hackling tow

seeds

Spinning

Yarn

Scutching tow

Animal bedding

CBD
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Particle board
Hemp crete

Non-woven
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Figure 1 Flow scheme of fibre hemp from crop to yarn

Hemp fibres produced in Europe are not used in textile industry, but technologies are available (in
China) to convert hemp into fashionable garments (Figure 1). Appropriate agronomic methods and fibre
extraction processing will yield suitable fibre (TRL9). Therefore the finer fibre fraction should be
extracted for high value ecological benign textile production (TRL7), while the coarser fibres be
separated and will find a market similar to flax tow for insulation in building applications, growing mats
for horticulture, fibre reinforced polymer composites in automotive industry, etc. The woody core short
fibres or hurds that are liberated when bast fibres are extracted, can be applied in construction materials
(particle boards, light weight concrete) or animal bedding (TRL9).
The flowers and oil rich seeds are in high demand in food, feed and cosmetics (TRL9). In addition the
cannabinoids (THC, CBD) that can be extracted from the flowers and leaves of hemp are receiving
great interest from the market. This may become of higher economic value than the lignocellulosic
biomass. Legislation in EU is here a restricting factor. In Canada and other countries outside Europe
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the hemp production for this purpose has been liberated recently and is now expanding fast.

4.2 Bio-based chemicals from oilseed crops (Linseed,
Hempseed, Camelina, Crambe, Sunflower, Castor, and
Rapeseed…)

TRL cultivation

TRL processing

Apart from crambe and castor cultivation (TRL7) of most oil seed crops production is well established
(TRL9) in different regions of Europe. Oilseed processing technology to extract oils is well known in
industry (TRL8) including the production of biodiesel. The conversion and extraction of special fatty
acids to biobased chemicals and polymers is still in development (TRL8).
Plant oils have always been used for non-food uses in soaps, cosmetics, candles, drying oils for paints,
lubricants and more recently also in alkyd resins and biodiesel. Political debate on the use of edible oils
as biodiesel fuel have limited expansion of the agricultural land use (ILUC) and production of oilseed
crops for renewable energy. Despite the discussions in Europe, the global expansion and deforestation
due to soybean (Brazil) and palm oil production are of high concern.
Oilseed crops have different composition or fatty acid profiles. To manufacture bioplastics as alternative
to petrochemical polyolefins, polyesters, and polyamides the fatty acid chemical structure is important
(chain length, postion of unsaturated bonds, etc.). The use of linseed and - to a lesser extend hemp
seed - for the manufacturing of coatings (varnish, paints) is well established. These have a high content
of poly-unsaturated fatty acids (e.g. linoleic acid, C18:2 and linolenic acid, C18:3).
Table 4 Source, chemical structure and use of a range of plant oils.

Fatty acid

structure

source

use

Sebacic acid
Myristic acid
Palmitic
acid
Palmitoleic acid
Stearic acid
Oleic acid
Ricinoleic acid
Linoleic acid
Linolenic acid
Eleostearic acid
Arachidic acid
Gondoic acid
Erucic acid

C10:0
C14:0
C16:0
C16:1
C18:0
C18:1
C18:1 OH
C18:2
C18:3
C18:3 conj
C20:0
C20:1
C22:1

castor
coconut
oilpalm
macadamia

Polyamide
cosmetics
soap
Health food
Emulsifier, soap, candles
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unbiquitous, sunflower
castor
Linseed, hemp seed
Linseed, hemp seed
Uncommon, tung
peanut
Camelina
Rapeseed /Crambe

https://edepot.wur.nl/398727
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Polyamide
Coatings, paints, flooring
Coatings, paints, flooring

Coatings, plasticisers
Lubricants
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High levels of erucic acid (C22:1) are important for the performance of biobased lubricants. These can
be derived from crambe and rapeseed (HEAR). Bioplastics such as PHA’s can be produced by
fermentation from plant oils, including fatty acids such as erucic acid
Castor (Ricinus communis) is found in the mediterraenean, but is not cultivated on significant scale in
Europe. The global production of castor seed reaches 1.8 Mt/y (on ca 300 Mha (2016); yield 600-1000
kg/ha)40, which comes largely from India (87%) and is increasingly demanded (as a non-food oil seed)
for biodiesel production and biochemicals. Biobased polyamide (PA) production based on renewable
chemical building blocks is still in the R&D phase, except (TRL8) for the sebacic acid production routes
from castor oil for manufacturing of PA6,10 41; PA10,1042 and PA11 (Rilsan®, Arkema)43. The castor
seed yields ca 50% oil ( 0.9 Mt/y oil), which contains 90% ricinoleic acid (0.81 Mt max). The
saponification of the triglyceride yields 95% fatty acid (C18) and glycerol (5%) (0.77 Mt max).

4.3 Bio-based materials from Lignocellulosic biomass crops
Miscanthus, Giant Reed, Poplar, Willow, Eucalypt,
Switchgrass and Sorghum (Sugar beet, Russian Dandelion)

TRL cultivation

TRL processing

Biobased materials are a group of products that are made of renewable carbon. Therefore the biomass
is converted in commercial market products by a wide range of technologies. Lignocellulose can be
used as such (wood timber) or converted to particles, fibres or pulp to produce building materials,
composites and paper 44 . Further purification of cellulose yields dissoving cellulose that can be
converted to cellulose dervatives (CMC CDA, etc) and manmade textile filaments (viscose rayon,
lyocell). Different uses are of commercial interest depending on the biomass qualities and availability
(Figure 2).
The production of composites, particle boards and fibre boards is using chips and refined fibres that are
mostly wood based (including Eucalypt, and Poplar), but may also use lignocellulose fibres from
Miscanthus, Sorghum, Reeds and Switchgrass (TRL 7). Also the woody core (shives, hurts) of flax and
hemp are used to manufacture particle boards. Mineral matrix composites such as wood wool cement,
and hemp crete find increasing use in the ecological building to reduce CO 2 emissions of the
construction industries.
40

https://www.castoroilworld.com/castor-crop-information/ and http://www.oilseedcrops.org/castor-bean/
41 Mutlu, Hatice, and Michael AR Meier. "Castor oil as a renewable resource for the chemical industry." European Journal of
Lipid Science and Technology 112.1 (2010): 10-30.
42 Wang , M. & Huang , J. (2011). Nylon 1010 Properties and Applications. Journal of Polymer Engineering, 13(2), pp. 155174. Retrieved 14 Aug. 2018, from doi:10.1515/POLYENG.1994.13.2.155
43 Ogunniyi, D. S. "Castor oil: a vital industrial raw material." Bioresource technology 97.9 (2006): 1086-1091.
44

Keijsers, Edwin RP, Gülden Yılmaz, and Jan EG van Dam. "The cellulose resource matrix." Carbohydrate
polymers 93.1 (2013): 9-21.
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The conversion of lignocellulose by biorefinery technologies to produce 2 nd generation bioethanol and
‘green chemicals’ is investigated and demonstrated but the commercialized production is still facing
competition form other (non-renewable and biobased) resources and not yet at its full potential (TRL89).
The biorefining processes of lignocellulose (wood, stalks, straws) often requires particle size reduction
and removal of lignin. The process to produce cellulose is currently most efficiently performed based
on wood pulping (kraft). Poplar and Eucalypt are common resources for the paper industries. Non-wood
pulping of non-food crops (Miscanthus, reed switchgrass and sorghum) or agroresidues (grain straw,
oilseed crop stalks) is performed only on small scales and is yet of limited commercial importance due
to the relatively low value of recycled paper and the low prices of wood virgin fibre pulps produced on
large scale.
The cellulose pulp subsequently can be further purified (dissolving cellulose) or hydrolysed to
momomeric glucose (C6) (TRL 7-8). This platform chemical C6 sugar can be further processed to a
wide range of chemicals (Figure 3) by chemical or enzymatic fermentation (TRL 7).
The conversion efficiency from lignocellulose to biopolymers and bioplastics is ranging from high for
timber products to rather inefficient in for example polyethylene (BUE Biomass utilisation efficiency of
ca 30%) 45 . Production of polylactic acid PLA from glucose (C6) has a relative high stoichiometric
efficiency and a biomass utilization efficieny (BUE) of 75% conversion. PLA is produced on commercial
scale (from corn starch or sugar) and finds increasing markets especially in packaging industry.

45

NOVA Inst 2015.
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Textile fabrics
Lignocellulose
Fibre crops

fibre

Non-woven
tissues

Lignocellulose
herbaceous crops

fibre
paper
cardboard

Lignocellulose
wood crops

Soft wood
Timber

hardwood

Fibre board

Lignocellulose
Secondary
sources

Forestry
residues

Particle board

Agro-industrial
resiues

Lignocellulose
Teriary
sources

composites

Post consumer
waste

Green chemicals

Building
demolition
waste

bioethanol

Municipal solid
waste

fuel

Figure 2 Scheme of different lignocellulose sources and market applications; Line thickness
increases with increasing use
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Cellulose Pulp

Dissolving Cellulose

Cellulose esters

Cellulose plastics

celluloid
Viscose Rayon

Nano-Cellulose

Cellulose ethers
hydrolysis

dehydration

HMF (C6)

2,5-FDCA (C6)

oxidation

Levulinic acid (C5)

Sugar (C6)

reduction

Sorbitol (C6)

oxidation

Gluconic acid (C6)
Glucaric acid (C6)

fermentation

Ethanol (C2)

Acetic acid (C2)

ABE

Acetone (C3)

Isopropanol (C3)

n-Butanol (C4)

Lactic acid (C3)

Itaconic acid (C5)
Succinic acid (C4)
Adipic acid (C6)

Figure 3 Simplified scheme of lignocellulose conversion processes starting from cellulose to
‘green’chemicals’ and precursors for biobased polymers.
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4.4 Pharmaceuticals and cosmetics from Lavender,
Chamomilla and Hemp

TRL cultivation

TRL processing

Many plants contain (usually in small amounts) secondary metabolites that are used as flavours and
spices in food or as bioactive ingredients in pharmaceutical and cosmetics. Herbal remedies have
largely become obsolete in the pharmaceutical industries, but many culinary and aromatic herbs (sage,
chamomila, peppermint, thyme, basil, etc.) can be purchased in health shops to prepare infusions and
for use in the kitchen. Crop production in EU of the various herbs is usually performed on limited scale,
as it is labour intensive. The current production is mainly found in third countries where wages are low.
Modernized whole year round production can be achieved in greenhouses and nurseries. Mechanised
harvesting is not commonly developed 46. The harvested crop requires careful handling, drying and
packing to retain the quality.
To prepare the essential oils from the herbs the distillation or extraction process conditions are critical
for each plant species. Low yields of essential oils or bioactive chemicals affect the price and marketable
volumes. In perfume and cosmetics manufacturing herbal flavours are still important although there is
a strong competition with artificial / synthetic flavours.
Lavender (Lavandula angustifolia) is occurring naturally in the Mediterranean and one of the most
common cultivated herbal crops, mainly in Spain and France (Provence) for supply of the cosmetics
industry.
Chamomilla (Matricaria chamomilla) is an annual crop that grows wild in many parts of Europe and is
mostly cultivated in East Europe (Czechia, Hungary, Serbia) for uses in perfumery, cosmetics and as
medicinal herb in aroma therapy. <data on global production area and production volumes are not found
except for old estimations of 1000 ton dried flower per annum in 1998)47, > The crop yields are ca
4000kg/ha fresh or 800 kg dried flowers. From the flowers the essential oil is obtained by steam
distillation and yields ca 3 g/kg blue oil (or ca 2.4 kg/ha) 48.
Cannabinoids are unique for hemp (Cannabis sativa) and are well known for their psychoactive
properties. THC (tetrahydrocannabinol) is the most prominent constituent of the drug type hemp
(marijuana), while in industrial hemp or fibre hemp CBD (cannabidiol) is present in the extracts. The
production of marijuana is illegal in many counties, while CBD-oil was approved by FDA for treatment
of epilepsy disorders and can be found in many health shops as ingredient in foods or dietary
supplements. There is no uniform legislation in the EU and the regulations on growing of hemp and
extraction of CBD may differ between countries. The increased demand for CBD has given an impulse
to the production of industrial hemp. In Canada the bans on hemp production have been lifted and

46

Ivanović, Sanjin, Miloš Pajić, and Todor Markovic. "Economic effectiveness of mechanized harvesting of
chamomile." Economics of Agriculture 61.297-2016-3590 (2014): 319-330.
47
http://www.newcrops.uq.edu.au/newslett/ncn11166.htm
48
Gawde, Archana, et al. "Steam distillation extraction kinetics regression models to predict essential oil yield,
composition, and bioactivity of chamomile oil." Industrial Crops and Products 58 (2014): 61-67.
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professional crop production has emerged. The profitability of the market for bioactive hemp products
exttacted from the flowers and leaves, may result in the increased supply of hemp biomass (fibre, hurts,
oil seeds).

4.5 Bioethanol from Sugar beet, Triticale, Poplar, Switchgrass,
Giant Reed and Miscanthus

TRL cultivation

TRL processing

The fermentation of sugar and starch to produce bioethanol for transportation fuel is debated (food
versus fuel). Despite that sugar from cane and beet and corn starch are the largest sources for
bioethanol. To grow sugar beet as non-food crop for production of bioethanol, the sugar refining process
can be simplified, as for the fermentation the purification is innecessary. The operation may be downscaled and significantly smaller than current sugar refineries. This could open new rural economic
activities and alternative outlet for sugar beet farmers. Also starch from Triticale could be used in ethanol
production in a similar way.
The use of lignocellulose for the production of bioethanol (2nd generation) has been investigated and
pilot biorefinery factories designed. Technically it has been demonstared to be possible, although the
conversion efficiency Important for the economic feasibility is the valorization of the lignin residue which
does not ferment and inhibits the fermentation.

4.6 Biofuel from Camelina, Crambe, Rapeseed, Lupine and
Triticale

TRL cultivation

TRL processing
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Oil crops
C

Oil seeds

oil

Refined oil

Straw/ stem

Seed hulls

Press cake

Fatty acids

Biodiesel

Glycerol (C3)

Figure 4 Flow scheme of conversion of oil crops to biodiesel and several other products.

Plant oils can be easily converted to biodiesel by methanolysis of the fatty acids (TRL9). Glycerol will
be liberated as side product. The selection of suitable oil seed sources, that do not compete with
vegetable oil production for human consumption, would exclude for example canola, sunflower, oil palm
and soy. Non-edible oils such as those of crambe, jatropha, castor and camelina may be converted to
biodiesel. High erucic acid rapeseed also can be considered as non-food crop. The costs of biodiesel
as compared to petrochemical based diesel fuel is relatively high due to the crop yields, harvest and
post-harvest processing costs. Important quality aspects for biodiesel besides the calorific value are the
flash point, and viscosity. Lupin contains ca 7% of oil and is not used commercially for oil production
yet.

4.7 Biogas from Miscanthus, Triticale and Sorghum

TRL cultivation

TRL processing

Biogas is considered a suitable renewable alternative to fossil energy. Biogas can be produced by
anaerobic biomass fermentation from many organic sources ranging from maize to municipal waste,
and manure. The biomass feedstock for biogas plants preferably is high in organic matter and have a
considerable water content and the ratio of slow degrading fibrous material should be rather low 49. Solid
lignocellulosic biomass such as miscanthus, triticale straw and sorghum bagasse could provide a
sustainable alternative biomass supply to the biogas fermenters when pre-digested (by ensilage). The
LCA of miscanthus as feedstock for biogass production shows its potential to improve the sustainability
49

Drosg, Bernhard, et al. "Analysis and characterisation of biogas feedstocks." The biogas handbook.
Woodhead Publishing, 2013. 52-84.
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of biogas production 50 . Biomass pretreatments are important for efficient conversion. Ensilage of
miscanthus is an effective way to increase the biogas yields 51. The biogas yield potential of Miscanthus
is estimated at 6000 m3/ha52.

4.8 Bioenergy from Switchgrass, Miscanthus, Giant Reed,
Willow and Poplar

TRL cultivation

TRL processing

The production of bioenergy from lignocellulosic sources can be achieved in various ways 53. Most
straight forward is the combustion of fire wood and pellets to produce heat and electricity. It accounts
to most of the bioenergy produced. The conversion efficiency is dependent on the density and moisture
content of the biomass. The heating values of the various biomass fuels are well described. Issues are
the effects of fouling and corrosion by the presence of other elements (Cl, S, N, Si, K,), which are
relatively higher in grasses compared to wood.
Table 5 Fuel properties of lignocellulosce biomass (on dry weight basis). 54

Switchgrass
Miscanthus
Giant reed
Poplar
Willow

HHV
MJ/kg
18.1-18.6
18.9-19.1
18.3-18.8
18.4-20.9
18.5-19.2

LHV
MJ/kg
16.8-17.3
17.8
17.1-17.6
17.1-19.5
17.8-18.3

Ash
wt%
4.6-5.9
4.5-5.2
3.4
0.6-1.3
1.6

N
wt%
0.4
0.5-1.1
0.2
0.7

Other thermochemical processes to convert lignocellulosic biomass to fuels with higher heating value
have been developed (gasification, pyrolysis, liquefaction) 55. Well known is the production of charcoal.
Pyrolysis is considered a promising thermochemical conversion to produce liquid fuel oils from
lignocellulosic biomass.
Most complex is the bioethanol production from lignocellulosic feedstock as there are still technical

50

Menardo, Simona, et al. "Biogas production from steam-exploded Miscanthus and utilization of biogas
energy and CO 2 in greenhouses." BioEnergy Research 6.2 (2013): 620-630.
51
Mangold, Anja, et al. "Miscanthus for biogas production: Influence of harvest date and ensiling on
digestibility and methane hectare yield." GCB Bioenergy 11.1 (2019): 50-62.
52
Kiesel, Andreas, and Iris Lewandowski. "Miscanthus as biogas substrate–Cutting tolerance and potential for
anaerobic digestion." Gcb Bioenergy 9.1 (2017): 153-167.
53
Somerville, Chris, et al. "Feedstocks for lignocellulosic biofuels." science 329.5993 (2010): 790-792.
54
https://phyllis.nl
55
Bhaskar, Thallada, et al. "Thermochemical conversion of biomass to biofuels." Biofuels. Academic Press,
2011. 51-77.
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barriers to make the biorefinery process economic competitive. Pretreatment of the biomass is required
which demands chemicals and energy. The conversion efficiency56 of wood to bioethanol is ranging
from 220-275 liter per ton for softwoods and 280-285 liter for hardwoods. For the perennial grasses the
yields have been reported to vary between 160 and 460 liters per ton.

56

Zabed, H., et al. "Fuel ethanol production from lignocellulosic biomass: an overview on feedstocks and
technological approaches." Renewable and Sustainable Energy Reviews 66 (2016): 751-774.
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5
Overview
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5.1 Overview SWOT
5.1.1 Sugar and starch crops
Crop
Sugar beet

Sorghum

Crop production

Harvesting

Bioethanol

Market

S

W

Biopolymers

S

Bioenergy/gas

Processing

Carbohydrate

Profitability

T

T

O

W

S

O

Biomaterial
Triticale

Market

O
S

S

Bioenergy/gas
Bioethanol

•
•

•

•

•

•
•
•

•
•

T
T

S

S

W

O

T

Sugarbeet is an established crop produced in rotation schemes on arable land at large scale in
NW Europe, mainly grown for food purposes.
Sugarbeets can be a very suitable feedstock for decentralized biorefineries like producing
bioethanol and leaf protein extracts, if dedicated advantages regarding end-uses can be
developed, i.e. local or regional conversion into final products.
In order to avoid reduction in sugar content, sugarbeets need to be processed shortly after
harvest in autumn. Optimal utilisation of equipment for biorefinery and conversion into
(semi)products may benefit if the same equipment can be used for processing of other crops
which become available at other season in the year.
Triticale is a well established disease resistant winter crop in Europe with suitable varieties
available for different climatic conditions which adapt to low-input cultivation strategies.
Harvesting and processing technologies are like for other cereals. It is cultivated for food
purposes mainly.
Triticale can be grown as a winter crop (at least in France) in the period October – end of April,
and thus can be ‘double cropped’ with e.g. corn which grows in the period May – October. An
issue may be water availability.
Triticale can be stored whole year round if moisture content is controled.
As NFC, triticale is promoted for biomethane production on farm (FR) and for the production of
bioethanol, both of which are not very demanding in terms of grain quality.
Sorghum is a drought resistant but low temperature sensitive crop, which can be grown with
low-input strategies on marginal lands. There is a large genetic variability in Sorghum for
production of grain, sugar or for silage.
Sorghum can be an annual or perennial crop which can be processed with existing machinery
and stored by ensilage.
It can be used for fermentation to bioethanol (grain, sweet sorghum) or in (small scale) biogas
installations. The sugars can also be used for ‘green’ chemical production.

Small scale local biorefineries for production of bioethanol and biogas will be beneficial for the creation
of new jobs in rural areas for logistics (transportatin, local storage, pre-processing) and local biorefinery
operations for actual conversion. At the same time, these activities may be a solution for the production
of renewable energies and the reduction of GHG emissions. Conversion of the feedstock to
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intermediates (at local or regional scale) for the production of ‘green chemicals’ requires further
development.

5.1.2 Oil crops
Crop

Market

Crop production

Camelina

Biochemical

W

Oleochemical

S

Industrial

S

Harvesting

Processing

Market

Profitability

W

O

T

T

O

Oleochemical

S/W

O

Crambe

Oleochemical

W

O

Hempseed

Seeds

S

O

Linseed

Oleaginous
and textile
Oilseed and
fibre
Cosmetic

S

Rapeseed

S

S

T

W

O

T

•

•
•

•
•

•
•

•

•

W

T
T

S

Biofuel

•

W

T

S

T

Hemp can be grown on many soil types and climate conditions, and requires specific harvesting
equipment.
Hemp may be truly called a multi purpose crop, delivering a.o. oil, next to fibres, shives and
CBD. Particular developments for each of the several hemp products may allow hemp to
become a large crop.
Hemp seeds are mainly used for food. Hemp oil may be applied in coatings and paints, where
it would compete with linseed oil.
The use of hemp products is gaining commercial interest world-wide. Especially the demand
for the pharmaceutically active CBD extract is high. Higher production of CBD will result in
higher supply of hemp biomass, including seeds.
Linseed flax may be grown on many soil types and climate conditions, and requires specific
harvesting equipment.
Linseed oil is widely used in food, but also in non-food applications like flooring (linoleum),
varnishes and paints. The short fibre oilseed flax is currently underutilised, and may be suitable
for application in fibre reinforced composites and insulation materials.
Most linseed oil used in EU industry is imported (Canada, India, Argentina), however, EU
production of non-GMO linseed may create opportunities for farmers.
Camelina is an undemanding plant when it comes to inputs and soil requirements, it is frost and
drought tolerant and has a short growing period. So, it can be used in double cropping systems
in Southern Europe or as a single crop when winter is long in Northern Europe. Camelina can
be seeded and harvested with conventional farm equipment.
Camelina oil production and processing is currently limited, but double cropping yield per ha
may be promissing for (jet) biofuel production. Oil characteristics are also in demand by
oleochemical industry: paints and varnishes, linoleum, epoxidized oil (PVC plasticizers).
Rapeseed is an established crop in EU for biodiesel production and may be substituted by High
Erucic Acid Rapeseed (HEAR) for biochemical applications. Rapeseed and HEAR can be
starter crops in the succession planting, playing a positive role on the following cereal.
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Farmers of HEAR need to make sure that their field is isolated from classical rapeseed areas
to avoid cross pollination that could reduce the erucic acid content. Otherwise, HEAR growing
and harvesting is very similar to classical rapeseed.
In Northern countries, Rapeseed may not survive severe winter, while sowing in spring suffers
from flowering during the intensive flyinng time of bees, which requires new crop protection
technologies to avoid the traditional crop protection chemicals.
Conversion of HEAR oil to ‘green’ chemicals requires further development.
Lupin is an established though small crop in EU, which does not require nitrogen fertilizer.
Lupin is currently used for food and feed, with minimal processing. Alternative routes for crop
processing are of interest to produce protein and bioactive compounds.
Sunflower is an established crop in Portugal, requiring arable land. Non-food applications are
being evaluated.
Crambe is currently not an established industrial crop in EU, despite research efforts to
introduce it as industrial crop. It could be cultivated on contaminated and underutilised land.
Currently, crambe oil is used in small “green and organic” beauty industry directly or as a
cosmetic ingredient. This scale may fit for small and organic farmers. At large scale, the nonedible Crambe oil with high erucic acid content for industrial purposes like lubricants or biofuel
may compete with HEAR.
Castor crop production is currently not established in Europe, despite that it occurs in the wild
in the Mediterranean. The increased demand in oleochemical industry for ricinus oil may
trigger its production.

5.1.3 Lignocellulosic crops
Crop
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Fibre hemp can be grown on many soil types and climate conditions, and requires specific
harvesting equipment.
Hemp may be truly called a multi purpose crop, delivering a.o. fibres and shives, next to oil and
CBD. Particular developments for each of the several hemp products may allow hemp to
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become a large crop.
Hemp fibre industrial production and supply chain is established for (automotive) polymer
composites and non-woven insulation materials. Shives are mainly used for horse bedding and
lightweight mineral binder based construction material.
Demand for both hemp fibres and shives could increase tremendously if demand for bio-based
and sustainable materials application in building and construction will increase.
Fine hemp fibre fractions for use in textile processing is not available in EU, despite strong
interest by the fashion industry. Application of hemp fibre in textiles requires further
development. The textile processing industry (spinning, weaving) is not available in EU.
Fibre flax is a crop with a long tradition which may be grown on many soil types and climate
conditions, however agronomic conditions for high yield fine flax fibre are favrourable in NW
Europe. Harvesting and processing requires specific equipment.
In South Europe flax is not established but offers several possibilities as there are spring and
autumn varieties and have different uses either for textile use or as an oil plant.
Long fibre flax is mainly used in linen textiles, which is labour intensive and largely outsourced
to China. The short fibre (tow) finds increasing demand as insulation material for building, but
is also used in fibre reinforced composites for automotive sector. Flax shives are converted into
particle boards or animal bedding.
Miscanthus is a woody perennial grass which does not need the use of pesticides and with
genotypes suitable for cultivation on different soil types (marginal land) and climate conditions
within EU. Conventional harvesting machinery can be used: mowing & baling or chipping. The
commercial use of a plantation is, on average, 10-15 years.
Miscanthus works well in undulating areas, where the extensive root system effectively
protects the soil from erosion. It may also act as wind screen.
Good quality energy pellets (for local use), but also for fibre pulp, can be produced when
Miscanthus is harvested in early spring. For biogas production green biomass harvest is optimal
in October. Its current commercial uses are limited.
For large scale utilisation of Miscanthus for e.g. building and construction, primary production
and actual conversion and use into products needs to be aligned because the first harvest can
only take place 3 years after plantation. The commercial use of a plantation is, on average, 1015 years.
Poplar hybrid varieties for many soil and climatic conditions are available, including marginal
land. Mechanized processes for planting and harvesting exist. Trees are harvested in 3-4 or 8year cycles.
Applications include timber wood, paper, panels and last but not least energy. The application
relates to tree density.
Switchgrass is a draught and pest resistant perennial grass native to N. America, but different
varieties are suitable for EU climate conditions. It can be grown on abandoned agricultural
lands.
Switchgrass harvesting can be done with silage machines or mower/balers. At the end of the
winter, switchgrass is dry enough (15 to 20 % moisture) to be stored for its valorisation. First
year after seeding is not productive.
Potential applications of Switchgrass include fodder and bioenergy. Its current commercial uses
are limited.
Willow can be grown on unproductive marginal land, including wet marshlands. Mechanized
processes for planting and harvesting exist. The commercial use of a plantation is, on average,
20-25 years.
Willow chips may be used for sawn wood, particle board, as an alternative feedstock for paper
industries, and as energy. In the Netherlands, willow is also used in civil engineering and
wickerwork.
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Giant reed is a high yield biomass crop, which has an invasive nature (weed) and out-competes
other crops. It may be of interest as feedstock for biogass and biofuel production. Its current
commercial uses are limited.

5.1.4 Specialty Crops
Crop
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Cardoon is a perennial food crop adapted to warm and dry climatic conditions, including
marginal lands. Harvesting can be done using a combine equiped with a specific header to
separate the capitula.
Extracts from dried flowers (artisinal) are used in the production of cheese. Cardoon seeds are
investigated for oil, protein flour, and bioactive compounds production.
The long root system of Cardoon can contribute to soil improvement and erosion control.
The use of Russian Dandelion for the production of rubber and inulin was demonstrated in an
EU project Drive4EU (TRL4). Improvement in breeding and agronomy is needed for high rubber
yielding crop cultivation. Also the biorefinery process for extraction of rubber and inulin requires
further development.
This Russian Dandelion development fits in the EU wish to become less dependent of rubber
imports. Rubber is used in e.g. anti-allergenic medical gloves, preservatives, tyres, conveyer
belts etc. The byproduct inulin could add value as low calorific sweetener.
Growing of Russian Dandelion will require arable land. Crop production is possible in central
and eastern EU climate conditions.
Lavender, Chamomilla and Rosemary cultivation is commonly performed on small scales, apart
from production fields of lavender for the French perfume industry. Rosemary and Lavender
are perennial crops, while Chamomilla is annual. Crop production is labour intensive with low
yields of (high prized) dried herbs or essential oils.
Current applications of Lavender, Chamomilla and Rosemary include use in cosmetics, food
(herbs, tea), and pharmacological/medicinal herbs.
Cultivation of such aromatic herbs fit in crop rotation schemes for enhanced ecological fitness.
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5.1 Overview TRL
Country

Crop-purpose

NL

Sugar beet for ethanol

UK

FR

Cultivation
TRL*
9

Processing
TRL*
9

Hemp for textile

9

9

Miscanthus for energy

7

9

Russion dandelion for rubber

5

6

Linseed (flax) for oil seed and fibre

9

9

Poplar for biofuel

8

7

Miscanthus for building material

9

8

Sugar beet for biopolymer

9

9

Poplar for biomaterial

8

7

Lavender for biopharmaceautical

9

8

Camelina for aviation biofuels, for chemicals

8

8,6

Rapeseed for cosmetics, for polymers

9

9,9

Triticale for biogas

8

9

Switchgrass for 2G biofuels, for combustion

8

7,9

Sorghum for biobased material

9

8

PT

Cardoon for the biobased chemicals market

7

6

9

9

7

6

9

9

6

6

LT

Eucalyptus in a biorefinery context (extraction of bioactive compounds previous
to its use for pulp for paper)
Lupin as a source of bioactive compounds for the biobased chemicals market
and non-energy applications (cosmetics, medicinal)
Sunflower as a source of proteins that can be explored for the extraction of
chemicals with added value
Rosemary essential oil and extracts for the biobased chemicals market (e.g.
polymer additives)
Hemp for fiber, for CBD

PL

ES

IT

9,4

9,5

Rapeseed for biofuel

9

9

Triticale for bio ethanol

9

9

Poplar for energy

7

7

Willow for energy

9

8

Camelina oil of oleochemical

8

5

Poplar for energy

9

8

Miscanthus for energy

8

8

Crambe oil of oleochemical

7

5

Willow for energy

9

8

Camelina for oil

8

8

Cardoon/Triticale for carbohydrate

5

7

Lupine for oil

7

7

Chamomilla for aroma and medicinal

6

8

Linseed for oleaginous and textile

6

6

Cardoon for biorefining

7

8

Camelina for biobased chemical

7

9

Hemp for biobased applications

7

9

Giant Reed for bioenergy (combustion, bioethanol)

6

8,6

Sorghum for biogas and biomethane

9

9

46

GR

Camelina for oil

7

6

5,8,6

4,8,5

Switchgrass for bioenergy

6

6

Lupin for oil

5

6

Castor for oil

7

6

Hemp for CBD, Seeds, Stems

* Different TRL levels may be shown, when there is more than one application described in the Croppurpose describition.
The TRL levels in this overview are based on the assumptions of the different countries producting the
SWOTs, they may be slightly different from the TRL levels mentioned in the previous chapters, where
the highest level of TRL in Europe is considered.
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6
General conclusions and
recommendations
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A large variety of near-to-practice non-food crops, processes and products is described and analysed
in this report. The different markets for NFC’s show variation in the technology readiness levels and
different degrees of experience in the EU regions. Therefore, generation of overall conclusions based
on this variety results in loss of the specific strengths, weaknesses, opportunities and threats of each
combination. However two main conclusions can be drawn.
Economical viability
For most of the new opportunities the economical viability is poor at present. This is partly due to the
low costs of competing products derived from established industrial processes and based on
petrochemical products.
In general, the relatively higher costs of bio-based products as compared to petrochemical based
products relate to the crop yields, harvest and post-harvest processing costs. On the other hand it may
be considered that so called externalities of fossil based products (polution of oil drilling, climate change)
are paid by society instead of by the individual ‘users’, which makes fossil based products ‘more cheap
than they ought to be’. The advantage of NFC’s as CO2 neutral resources is not yet economically
valued. Further, when production volumes of bio-based feedstock and products increase, economies
of scale may reduce costs.
To combat climate change and achieve the EU polical targets of reduction of carbon emissions
for 2050 it is recommended to promote Biobased industries and the use of NFC’s as carbon
neutral resources or even as products having negative emissions (carbon fixating).

The understanding and collaboration of the whole value chain
Advantages and limitations of NFCs may relate to one or more of the several stages in their value chain:
cultivation, harvesting, processing & conversion into products and marketl applications. A hurdle in one
of the stages may prevent actual industrial scale implementation. Consequently, the whole value chain
perspective needs to be considered when developing new crop-processing-product-application
combinations. Being able to consider the whole value chain requires mutual understanding of all parties
along the value chain, both their activities as well as their interests. Primary production, both farmers
as well as researchers, may benefit from increased understanding of final (non-food) products and their
markets. On the other hand, material and product manufacturers may benefit from understanding
specific advantages and limitations of the wide range of non-food crops that potentially could be
cultivated in much larger quantities than is actually the case to date.
To promote the production and use of NFC’s it is recommended to organize and link the various
stakeholders in the supply and conversion chain to the end-use demand. Exchange of
information on quality and quantity demand and supply, and transparency on costs of
production and logistics could enable market development and establishment of sustainable
NFC production.
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Specific advantages of NFCs and further recommendations regarding specific stages in the value
chains are addressed below.
Cultivation
The cultivation of some near to practice non-food crops offers several advantages compared to existing
crops. In some cases new crop protection technologies would be needed to increase cultivation.
Non-food crops offer different advantages regarding cultivation:
• Rotation schemes: Several sugar, starch and oil producing NFCs fit in rotation schemes to
break the cycles of development of pests and diseases in food crops: e.g. Hemp, Flax,
Camelina, Lupin, Crambe, but also aromatic herbs like Lavender, Chamomilla and Rosemary.
• Undemanding soil requirements: Several crops can be grown on marginal land or are
undemanding regarding soil requirements and inputs: Sorghum, Camelina, Lupin, Crambe,
Cardoon, Miscanthus, Poplar, Switchgrass, Willow.
• Draught tolerance: Some crops can grow well with minimal water requirement: Camelina,
Sorghum, Switchgrass, Cardoon. Also, Rosemary is considered draught tolerant. In contrast,
Willow performs well in wetlands.
• No or low need for pesticides: Optimal crop yield often requires protecting crops against
diseases. Some crops do not or hardly require the use of pesticides: Hemp, Miscanthus,
Switchgrass, Lavender, Cardoon.
• Double cropping: With some crops two harvests can be obtained when grown subsequently (in
pairs) or sewn twice a year: Triticale-Corn, Camelina-Camelina, Rapeseed-particular
Vegetables.
• Existing equipment: Many crops can be sown as seeds using existing equipment. Planting of
Rhizomes (e.g. Giant reed, Miscanthus) requires specific equipment.
Some crops would benefit from new crop protection technologies. E.g. when rapeseed in northern
countries is sown in spring due to severe winters, flowering starts during the period of intensive flying
of bees, making the use of conventional pesticides unwanted.
Harvesting
The majority of non-food crops can be harvested using existing equipment, although some crops require
specialized equipment (e.g. hemp, flax). Harvesting of various herbs requires careful handling, drying
and packing to retain quality. This makes production and harvesting labour intensive. Labour intensive
character, however, does not mean there is no market and cannot be easily scaled up; examples are
lavender and chamomilla. Establishment of some crops would benefit from further improved
mechanized harvesting (e.g. castor, lupin, chamomilla).
Processing
Lignocellulosic crops in general are very suitable for local or regional, relatively small scale (pre-)
processing (size reduction, drying, compaction, storage), thus having potential to contribute to the
creation of new jobs in rural areas.
To date, oil, sugar and starch biorefineries often require specific expertise and capital intensive
equipment, therefore it is often centrally applied at relatively large scale. Innovations to establish smaller
scale biorefineries are being developed (e.g. whole sugar beet bioethanol production).

Material applications
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Wood crops have been used for timber, board and paper applications since several centuries.
Alternative lignocellulosic biomass may serve the same purpose, however, processing is not at TRL 9.
From a value chain perspective, a quality grading system may be developed for pre-treatment of
lignocellulose to obtain suitable/optimal fibre form/grade for different applications.
Some plant oils are currently used in e.g. plastics (Castor), flooring and coating/paint applications
(Linseed) at relatively small volumes. Oil, sugar and starch crops may also serve as feedstock for the
production of a wider range of materials. Mostly, this is achieved via production of monomers or prepolymers. This is addressed further under ‘Chemicals’.

Chemicals
Biorefining oils, sugars and starch for biochemical application to replace petroleum derivatives is an
opportunity that is coming progressively, although it is still in the research and exploration phase of its
potential uses.
The use of woody and grassy biomass crops (e.g. Miscanthus, Poplar, Switchgrass) for ‘green’
chemicals (and 2nd generation bioethanol) requires further development to reach TRL 9. These routes
compete with starch and sugar producing crops.
In contrast to sugar, starch and oil crops, lignocellulose contains also aromatic polymers (lignin, tannin).
Lignocellulose crops therefore may be suitable feedstock for replacing petrochemicals as input for the
chemical industry to produce aromatics. Initial pilot scale plants are being established, however,
processing requires further development to reach TRL 9.

Energy
The fermentation of sugar and starch to produce bioethanol for transportation fuel is debated (food
versus fuel). The same holds for biodiesel produced from oil crops. The use of woody and grassy
biomass crops for 2nd generation bioethanol is being investigated. Developments do not seem close to
market yet.
Most straight forward is the combustion of fire wood and pellets to produce electricity and heat. It
accounts to most of the bioenergy produced. Issues relate to the large amounts of biomass required to
fulfill energy demand, and related the feared depletion of soil and loss of biodiversity. The development
of a process to remove the effects of fouling and corrosion by the presence of halogens (Cl) and mono
metal ions (e.g. Na and K), and silica (Si), which are relatively higher in grasses, bark and prunings
compared to wood, would increase the value of the crops. Relatively small combustion units which
operate at relatively low temperature (e.g. municipal and city distric units) would suffer less from these
elements, however, the smaller the unit, the larger the issue of fine particles (and the lower the
efficiency).
Solid lignocellulosic biomass such as miscanthus, triticale straw and sorghum bagasse could provide a
sustainable alternative biomass supply to the biogas fermenters when pre-digested (by ensilage).

Pharmaceuticals & cosmetics
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Extraction of pharmaceuticals from hemp (CBD) is still debated in EU while its production could be
directly scaled up as soon as legislation would give more clarity about the legal status of its use. Other
herbal ingredients use in cosmetics is widely accepted and applied and may reduce further the use of
synthetic flavours and surfactants.
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Annexes
Annex A. SWOTs for NFC-Product
combinations
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A1. Netherlands
A1.1 Sugar beet (Beta vulgaris) production for bioethanol NW Europe (NL)
Strengths

Weaknesses

Crop production established, high yielding
varieties selected;
Harvesting is mechanized; large scale logistics of
beet supply (campaign) in place; industrial scale
processing and sugar extraction for food and
beverage industries;
High demand for sugar as fermentation
feedstock in various outlets;

Harvesting requires specialized equipment; no
infrastructure for small scale use (except fodder
beet); limited storage time of beets, seasonal
production
Dependence on processing industry /
fermentation capacity; Discussion about social
acceptance of sugar beet as industrial crop not
yet started, involvement NGO’s, politics, farmers
not organised

Opportunities

Threats

Fits in crop rotation plans; expansion potential is
high; whole crop use can be explored (e.g.
protein from leaves)
Opportunities for new jobs and economic activity
in rural areas; development of new technology
for multipurpose use of sugar beet crop products;
small scale processing whole beet fermentation;
reduction of processing costs for sugar refining;
reduction of transportation costs. Alternative
processing concept available, introduction can
be done
growing demand for bioethanol as transportation
fuel; substitution potential for petrol based fuel
and chemical products.

Competition with established crops like potatoes,
cereals. High demand for supply of sugar beets
to food industry.
Costs of small scale processing are high; limited
options for use of process residues;
accumulation of undigested biomass

High competition with sugar cane and grain
bioethanol; Dependence on fossil oil market
price; competition with sugar for food production
Acceptance sugar beets as industrial crop (same
as cereals, corn, sugar cane)

Sustainable cropping strategies: Suitable varieties of sugar beet are available for cultivation on different
soil types and climate conditions. Agronomic measures known for the optimum moment of harvest and
best crop yields. The harvesting of sugar beet requires specialized machinery. Local (small scale) preprocessing options for whole crop sugar beet fermentation technologies can be explored.
Production and supply chain organization: The industrial production and supply chain of sugar beet is
established for crystal sugar production. The large scale production of bioethanol based on sugar beet
processing is available in EU (12.1 Mt/ 2014) 57. EU also imports significant volumes of bioethanol for
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http://www.eubia.org/cms/wiki-biomass/biofuels/bioethanol/
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blending in transportation fuel (E5; E10) 58 . Alternative small scale routes for whole sugar beet
processing and refining are of interest (e.g. Betaprocess), with relatively low investment costs and
options for instalment of rural processing units. Reduce imports EtOH from non-EU countries, chemical
industries requires year round delivery of EtOH, sugar beets is a seasonal crop, storage is still a
problem,
Regulatory framework: The EU quota system for growing and processing of sugar beet was abandoned
in 2017 (CAP reform). The newly approved Renewable Energy Directive (known as RED II) confirms
the importance of sustainably produced crop-based biofuels such as European ethanol to achieving EU
climate goals EU income support for farmers may be possible in case of market disturbance (voluntary
coupled support).
Opportunities, terms and conditions for the cultivation: Sugar beet crop production is mostly on contract
basis. Incomes for farmers are linked to the global sugar prices. Opportunities for supply of beets to
alternative local processing units is not yet available. Option small scale biorefinery, a stable price for
the farmers to deliver their sugar beets and become shareholder in the processing company.
Role on the renaissance of rural areas: Growing of sugar beet fits in the rotation schemes of arable
farming in NW Europe climate conditions. Beneficial will be the creation of new jobs in rural areas for
logistics (local storage, transportation), pre-processing (leaves protein extraction; cleaning) and
processing of sugar beet to fermentation feedstock.
Critical success factors defined in the context of bio-based supply chains: Small scale rural production
of bioethanol and ’green’ chemicals from sugar beet as NFC competes with industrial scale fermentation
of sugar syrups from beet and grains. Introduction of sugar beet production for non-food will require
organization of the market and cooperation in the new chain from farm to (local) producer.
There is serious interest from the chemical industry in the sugar to ethanol chain, but the chemical
industry considers not yet to invest in this business case, only ready for purchasing products (EtOH =
commodity!).
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REDII: https://ec.europa.eu/jrc/en/jec/renewable-energy-recast-2030-red-ii
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A1.2 Hemp fibre (Canabis sativa) for textile fibre production in NW Europe (NL)
Strengths

Weaknesses

Crop production established, high yielding
varieties selected; can grow with limited use of
fertilizer or crop protection products,
Harvesting is mechanized; fibre extraction on
industrial scale for multi-purpose use of crop

Best harvest moment for fine fibre production
gives lower yields and no seeds

High demand for hemp products for various
outlets;

Harvesting requires specialized equipment;
Fibre extraction for yarn production requires
several
critical
steps
(decortication;
degumming). The conversion of stem to fibre
gives low yields of fine fibre suitable for yarn
production
Competing production other crops; competition
with other hemp fibre applications (insulation,
composites)

Opportunities

Threats

Fits in crop rotation plans; expansion potential is
high

Competition with established crops like potatoes,
cereals and sugar beets which generate a higher
income/ha. (growers price, balance)
Costs of processing are high, labour intensive
processing in low wages countries

Opportunities for new jobs and economic activity
in rural areas; development of new technology
for multipurpose use of hemp crop products
High demand for fashionable hemp textile
products. Coarser fibres, less suitable for textiles
may find outlet in composites, insulation,

Supply of good quality yarn (fineness, strength)
is not sufficient to support production.
Competition with cotton, flax, man-made fibre
and synthetic yarns

Sustainable cropping strategies: Suitable varieties of fibre hemp (that have low THC <0.2%) are
available for cultivation on different soil types and climate conditions. Agronomic measures can be
selected for the optimum moment of harvest and best crop yields. The harvesting methods for high
quality fibre production require specialized machinery. Local (small scale) pre-processing options for
hemp stem separation technologies can be explored.
Production and supply chain organization: The industrial production and supply chain of hemp fibre is
established for composites and non-woven insulation materials production. The production of finer fibre
fractions for use in textile processing is not available in EU. Alternative routes for fibre processing and
refining are of interest. Despite strong interest in the fashion industry for alternative supply of fabrics
based on hemp, the organization of the textile production chain in Europe is poorly developed.
The use of fibre hemp by-products (CBD, hurds, seeds) is gaining commercial interest world-wide.
Higher production of CBD will result in higher supply of hemp biomass, including fibre and hurds.
Regulatory framework: Growing and processing of hemp and hemp products is regulated by law in EU
(Which regulation need to be added!). There is much confusion on extraction of CBD and its use in
novel foods, cosmetics and medicine.
Opportunities, terms and conditions for the cultivation: Essential for profitable crop production are the
availability of proper seeds, harvesting equipment and diversified market potential. Irrigation may be
required in continental climate conditions.
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Role on the renaissance of rural areas: Growing of fibre hemp fits in the rotation schemes of arable
farming on many soil types and climate conditions, thus increasing crop selection for farmers. Hemp
must compete with other arable crops on price, ease of production, etc.. Beneficial will be the creation
of new jobs in rural areas for harvesting and logistics (local storage, transportation), pre-processing
(leaves extraction) and processing of hemp fibre to textile fibre feedstock.
Critical success factors defined in the context of bio-based supply chains: Multi-purpose crop production
and diversified market development for hemp fibre and hemp by-products; regulation of the crop
production and processing on EU level needs to be implemented.
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A1.3 Miscanthus (Miscanthus sp) for renewable energy production in NW
Europe (NL)
Crop production established59; high yielding
varieties (hybrids) selected for production in NW
Europe (ca 20t/ha DM); can grow with limited
use of fertilizer or crop protection chemicals;
suitable for marginal lands; stress tolerant
Mechanized harvesting methods evaluated;
selection of most suitable harvest moment
(winter/ early spring) for high yields and low N

Is a perennial rhizomatous crop and cannot be
used in common crop rotation schemes.
Establishment of productive crop in 2-3 yrs.
Long term contracts required for production.
Long (10-20yr) occupation of land area.
Planting (seed derived plugs) and harvesting
requires specialized equipment; Logistics of
voluminous crop requires local processing
(compaction, pre-processing)
Competing production other biomass crops; no
stable markets for miscanthus biomass.
Applicable in low value markets

Potential high yielding crop for production of
ethanol, biogas and for combustion
Suitable crop for marginal / contaminated soils;
expansion potential when biomass pellets
demand increases

Opportunities for new jobs and economic
activity in rural areas; development of local
technology for biomass conversion to energy
(ethanol. biogas, pellets)
Increasing demand for renewable energy
products. High greenhouse gas (30 t CO2eq
C/ha/y) and fossil energy (429 GJ/ha/y) 60 saving
potential. Alternative uses of miscanthus for
other outlets in materials (composites,
insulation, paper)

Competition with established rotation (food)
crops like potatoes, cereals, sugar beets which
generate a higher income/ha. Competition with
fossil energy (heat and power).
Not native crop for EU, biodiversity concerns for
invasive spreading.
Costs of processing are high, labour intensive
processing

Supply of high quality pellets (low N, K, Cl) is
not sufficient to support energy production.
Competition with wood pellets and forestry byproducts. Competition with (imported) bamboo
for high value uses.

Sustainable cropping strategies: Suitable Miscanthus genotypes are available for cultivation on different
soil types and climate conditions. No need for pesticide use. High yielding hybrids of M x giganteus; M
sinensis and M sacchiflorus are selected for high biomass yielding crops. Agronomic measures can be
selected for the optimum moment of harvest and best crop yields (early spring). Good quality pellets
can be produced. For biogas production green biomass harvest is optimal in October. The harvesting
methods for high quality fibre production do not require specialized machinery (mowing & baling/
chipping). Local (small scale) pre-processing options for miscanthus pelletizing technologies for
logistics and storage are of interest.
Production and supply chain organization: The industrial production and stable supply chain of
miscanthus biomass is not established yet for energy pellets for fibre pulp, composites or insulation
materials production. The options for local production and use on farm for energy supplies were
investigated (co-digestion with manure)56.
Regulatory framework: Growing and processing of miscanthus and miscanthus products is not
regulated or subsidized in EU.
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http://edepot.wur.nl/191679
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Final report Summary OPTIMISTIC : https://cordis.europa.eu/project/rcn/101300/reporting/en
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Opportunities, terms and conditions for the cultivation: Essential for profitable crop production are the
availability of proper planting plugs, and diversified market potential
Role on the renaissance of rural areas: Growing of miscanthus fits in marginal plots (or set aside land),
and as wind screens. It may keep birds (geese) from landing (air landing strips). It is a high yielding
biomass crop with limited labour intensity. Crop production is possible on many soil types and climate
conditions. Beneficial will be the creation of new jobs in rural areas for logistics (local storage,
transportation), pre-processing (compaction) and local processing of biomass feedstock.
Critical success factors defined in the context of bio-based supply chains: Energy crop production and
diversified market development for miscanthus; local demand for renewable energy.
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A1.4 Russian Dandelion (Taraxacum koksaghyz) for rubber production in NW
Europe (NL)
Crop production in EU demonstrated61;62
mechanized cultivation (seeding harvesting);
new breeding hybrid varieties developed;
protocols for sowing and harvesting established
Mechanized harvesting methods evaluated;
biorefinery process for extraction of rubber and
inulin developed;
Potential good quality natural rubber yielding
crop (non-allergenic); inulin by-product.
Alternative annual crop for Hevea rubber as
critical raw material for EU; low fertilizer
demand; Up-scalable biorefinery production;
Opportunities for new jobs and economic
activity in rural areas; development of local
production of rubber; independence of imports;
Alternative good quality natural rubber for
industrial uses (tires, etc.)

Not native species introduced; collection and
production of seeds critical; Low yields per ha;
high cultivation costs; higher yielding varieties
need to be developed.
Pilot production plant needs yet to be installed.
Co-production of food grade inulin requires
sanitary measures. High water /energy
consumption for inulin extraction
Competing large scale production of rubber
(Hevea) in Asia. Inulin market is relative small,
competing with chicory
Competition with established rotation (food)
crops which generate a higher income/ha. No
production chain established.
Costs of processing are high; water, energy and
labour intensive processing. Uncertain market
for inulin.
Economic feasibility yet to be proven.
Competition with synthetic rubbers
Prevention of spreading of seeds to the
environment

Sustainable cropping strategies: Improved high rubber yielding genotypes need to be developed for
cultivation on different soil types and climate conditions. Expanded cultivation program needs to be
carried out. High yielding hybrids of Taraxacum koksaghyz need to be selected for high rubber and
inulin yields. Agronomic measures need to be established for the optimum moment of harvest and best
quality crop yields (autumn/early spring).
Production and supply chain organization: The industrial production and stable supply chain of Russian
dandelion is not established yet for rubber or inulin production. The biorefinery process for extraction of
rubber and inulin has been developed. Process improvement for food grade inulin production may have
economic value.
Regulatory framework: Growing and processing of Russian dandelion products is not regulated or
subsidized in EU.
Opportunities, terms and conditions for the cultivation: Essential for profitable crop production are the
availability of proper seeds that yield high quality crops. Harvesting can be performed with existing
equipment. The risk of cross breeding with wild native dandelion species is considered low. Invasive
spreading of the crop in the environment should be minimized.
Role on the renaissance of rural areas: Growing of Russian dandelion will require arable land and will
compete with food crops production. When combined with rubber also food grade inulin can be
produced, the crop value increases and this discussion can be avoided. Crop production is possible in
central and eastern EU climate conditions. Beneficial will be the creation of new jobs in rural areas for
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https://biobasedperformancematerials.nl/upload_mm/9/b/9/258e16ef-d8e7-482d-aafd-2f3fcd4b8122_BPM%202018%20%20Speaker%2009%20-%20Frans%20Kappen%20-%20Natural%20rubber%20from%20dandelions.pdf
62
Report Drive4EU https://cordis.europa.eu/project/rcn/111487/factsheet/en
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logistics (local storage, transportation), pre-processing (cleaning, inulin extraction) and local processing
of residual biomass feedstock.
Critical success factors defined in the context of bio-based supply chains: Competitive local production
in EU of rubber crop reduced dependence of imports.
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A1.5 Linseed (Linum usitatissimum) production for oil seeds and fibre in NW
Europe (NL)63
Crop production established, high oil seed
yielding varieties selected; can grow with limited
use of fertilizer or crop protection chemicals,
suitable for local conditions of climate and soils
Harvesting is mechanized; seed production and
industrial oil refining established.

Linseed varieties yield short and branched
stems with lower quality (than fibre flax) fibres.
Linseed straw does not find uses yet.
Fibre extraction for linseed straw is not
established industrial scale. Harvesting requires
specialized equipment; The conversion of stem
to fibre gives low yields of fine fibre suitable for
yarn production
Competing production of linseed outside EU
(Canada, Argentina, Russia, Kazachstan);
Competition with other fibres in applications
(insulation, composites); competition with
synthetic coatings and flooring (vinyl)

Increasing demand for linseed in food and nonfood applications (coatings, linoleum).
Nutritional value of seeds and health benefits
(omega-3 and dietary fibre)
Fits in crop rotation plans; expansion potential is
high
Opportunities for new jobs and economic
activity in rural areas; development of new
technology for multipurpose use of linseed crop
products
High demand for linseed in (health) food
products and linseed oil in coatings. High
demand for substitutes for cotton in textile
products. Coarser fibres, less suitable for
textiles may find outlet in composites, insulation,
paper, etc.

Competition with established crops like
potatoes, cereals and sugar beets which
generate a higher income/ha.
Bulk imports of cheap linseed supplies from
outside EU

Supply of good quality yarn (fineness, strength)
is not sufficient to support production.
Competition in fibre applications with cotton,
fibre flax, man-made fibre and synthetic yarns

Sustainable cropping strategies: Suitable varieties of linseed are available for cultivation on different
soil types and climate conditions. Agronomic measures are established for the optimum moment of
harvest and best crop yields. Local (large or small scale) pre-processing options for linseed straw
separation technologies have been explored.64
Production and supply chain organization: The industrial production and supply chain of linseed is
established for food grade seeds and oil production. The production of (lower grade) linseed oil for nonfood uses (coatings and flooring) is established in EU/NL.
The use of linseed straw for use of the fibre fractions for use in textile processing is not available in EU.
Alternative routes for fibre processing and refining are of interest.
Regulatory framework: Growing and processing of linseed and linseed products is not regulated in EU.
Opportunities, terms and conditions for the cultivation: Non GMO linseeds allowed in EU create
opportunities in EU production; restrictions on the use of herbicides.
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https://www.cbi.eu/market-information/oilseeds/linseeds/europe/
https://www.bio.org/sites/default/files/Alvin%20Ulrich.pdf
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Role on the renaissance of rural areas: Growing of linseed fits in the rotation schemes of arable farming
on many soil types and climate conditions increasing income for farmers. Beneficial will be the creation
of new jobs in rural areas for logistics (local storage, transportation), pre-processing (fibre extraction)
and processing of linseed straw to fibre feedstock to manufacture yarn and non-woven.
Critical success factors defined in the context of bio-based supply chains: Multi-purpose crop production
and diversified market development for linseed and linseed by-products.
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A2. United Kingdom
A2.1 Poplar (Populus sp) for Biofuels production (UK)
Strengths

Weaknesses

High yielding crop.
-Suitable for marginal soil and climatic
conditions.
-Easy propagation process, high growth rates,
low inputs requirement.
- The high canopy of poplar can improve the
water use efficiency of the system.

-High establishment cost
-Lifetime of poplar is 23 years which requires long
term commitment from farmers & industry
-Crop establishment can have high failure rates if
the winter is very wet or very dry
- Poplar yields are lower compared to willow, but
they can outperform willow yields if the sites are
fertile and have high radiation.
- Based on the empirical models of crop
productivity in the UK, the potential geographical
distribution of poplar is limited compared to other
lignocellulosic crops like miscanthus and willow. 65

-Both poplar and willow have high cellulose and
lignin contents making them suitable for
biofuels
-TRL is 9 based on availability of propagation
materials and mechanisation of cultivation and
harvesting process.
-Poplar can reduce dependency on fossil fuel
and diversify renewable energy resource in the
current market.

-Long payback period from the first establishment
-Not well-established markets
-Poplar currently contributes only a small
percentage of the non-food crops in the UK.

Opportunities

Threats

-High yielding capacity and low input
requirement makes poplar suitable for marginal
lands.

-The support scheme for energy crops was
discontinued after 2015 in the UK. This can
potentially reduce the production of SRCs in the
UK due to high establishment and removal costs.
-Second generation bioethanol production from
lignocellulosics derived from poplar biomass not
established yet on commercial scale (TRL 7) in
UK;

-Farmers can make productive use of their
surplus and marginal lands and diversify their
income
- The UK industry and market are well
established: Bioethanol demand ranges from
782 to 861 million litres with only 23% of this
being produced from domestic feedstocks.
Vivergo Fuels in Hull (420 million litre), Ensus
(400 million litres) and British Sugar’s (81
million litres) are some of the large bioethanol
plants operating in the UK.
-Energy technologies Institute study 66 on
bioenergy crops like SRC (poplar) has shown
that these crops diversify the income of farmers

-Volatile oil prices in the fossil fuel market
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Bauen, A. W., Dunnett, A. J., Richter, G. M., Dailey, A. G., Aylott, M., Casella, E., & Taylor, G. (2010). Modelling supply and
demand of bioenergy from short rotation coppice and Miscanthus in the UK. Bioresource technology, 101(21), 8132-8143.
66
AN ETI Perspective (Bioenergy crops in the UK), 2016 https://d2umxnkyjne36n.cloudfront.net/insightReports/Perspectivebioenergy-crops-in-the-UK.pdf?mtime=20161010130635
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and increase the productivity of their low-quality
lands.
Sustainable cropping strategies: There are many hybrid varieties of poplar in the UK making the
selection of species which suits the local soil and climatic conditions easier. They are suitable high
yielding energy crops for biofuel production as they can be grown at the rate of 1,500 trees per acre
denser than for paper and pulp industry.
Production and supply chain organization: Currently poplar is grown in smaller-scale plantations
whereas willow is grown in large scale plantations. Therefore, additional support is required to form
farmers co-operatives to bring together small-farm holders to grow poplar together for bioenergy plants.
Regulatory framework: The UK Energy Crop Scheme for growing SRCs (Short Rotation Coppice) and
other perennial energy crops were discontinued after 2015. However, UK acknowledges the importance
of energy crops under the EU Renewable Energy Directive (RED II). In addition, the country has capped
conventional biofuels starting from 2020 at 4% which is intended to decrease to 2% in 2032. UK has
also a biofuel quota system, the Renewable Transport Fuel Obligation (RTFO), which awards double
counting for advanced biofuels. UK also has Motor Fuel Regulations transcribed from the EU Fuel
Quality Directive (FQD) which requires the reduction of GHG emission from transport fuel by 6% by
2020.
Opportunities, terms and conditions for the cultivation: Poplar (SRC) does not require productive
agricultural land which is used for food production; it can be grown in marginal land.
Role on the renaissance of rural areas: Poplar can be grown in surplus, marginal and fringe lands which
are otherwise left unproductive. This can diversify the income sources for farmers and create new jobs
in rural areas.
Critical success factors defined in the context of bio-based supply chains:
- Farmers already know agronomic practices for poplar due to paper and pulp industry but they need
support to update their knowledge on the hybrid productive species of poplar which are more suitable
to their own climatic and soil conditions.
- Poplar has ecological benefits like reducing soil erosion and phytoremediation, reduction of nitrates
level in the ground and surface water. These benefits should be recognised under ‘Greening Measures’
of Common Agriculture Policy framework.
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A2.2 Miscanthus for building materials (UK)
Strengths

Weaknesses

-High yielding crop
-Miscanthus has low GHG emission potential,
reduces soil erosion, increases soil carbon by
carbon sequestration and supports biodiversity
-Based on the empirical models of crop
productivity,
the
potential
geographical
distribution of miscanthus is wide spread in the
UK. 67
-TRL>7 based on the availability of propagation
materials and mechanisation systems for
cultivation and harvesting.
-Farmers are familiar with the conventional
harvesting equipment used for miscanthus

-High establishment cost
- Long time commitment from farmers once the
choose to grow miscanthus in their farms
-Discontinuation of the Energy Crop Scheme.
-Payback period is long (5-7 years) for farmers.
-Rhizomes are sensitive to the very harsh winter
conditions so should be planted before the
frosting period to have successful plantations.
-Distance of the production sites and biorefineries
and production plants is one of the key factors
which increases the production cost (logistics)

Opportunities

Threats

-High yielding capacity and low input requirement
makes miscanthus a suitable crop for producing
biomass feedstock for bio-based products
-Plant breeding scientists at Aberystwyth
University
are
developing
seed-based
miscanthus hybrids (which would reduce the
establishment cost associated with rhizome use)
which is suitable to use as building materials and
potentially for bioplastics.68
- The Center for Alternative Technology (CAT has
found that miscanthus meets the building
regulations, compression requirements, acoustic
and healthy internal environment conditions. 69
- There are research and technological
innovations happening rapidly in the UK to
breakdown
the
complex
structure
of
lignocellulosic crops for a wider range of
applications. For example, the n-Butanol is the
lignocellulosic based biochemical which has
global market potential.
- The UK has several industrial activities and
technological development at the present time to
scale-up the commercialization of the n-butanol
as its market grows. In the UK n-butanol or its
derivatives could be used in biopharmaceutical,
agrochemical and coating industries.

-Increase in production costs due to loss of crops
in harsh winter

-High harvest, logistic and drying cost make
miscanthus less competitive with other (fosil,
mineral) options available in the market for
insulation materials.
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Bauen, A. W., Dunnett, A. J., Richter, G. M., Dailey, A. G., Aylott, M., Casella, E., & Taylor, G. (2010). Modelling supply and
demand of bioenergy from short rotation coppice and Miscanthus in the UK. Bioresource technology, 101(21), 8132-8143.
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https://www.terravesta.com/news/miscanthus-the-game-changer-in-building-construction/
http://greenbuilding.co.uk/the-worlds-first-miscanthus-bale-house/
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- Energy Technologies Institute study 70 on
bioenergy crops like miscanthus has shown that
these crops diversify the income of farmers and
increase the productivity of their low quality lands.
-UK National targets set out in the UK
Bioeconomy Strategy to double the size of the UK
bioeconomy from £220bn in 2014 to £440bn by
2030 opens up opportunities to increase the
market of miscanthus based building materials.

-Miscanthus produced on marginal sites might
have negative effect on the biomass quality and
this will compromise the quality of biomass that
the market needs.

Sustainable cropping strategies: For the successful cultivation of the miscanthus, the first year of the
cycle is dedicated to the crop establishment with soil preparation, rhizomes planting and chemical
weeding. One more chemical weeding is applied the second year to ensure a good establishment of
the crop. There are varieties of miscanthus which are suitable for British soils and climatic conditions.
Production and supply chain organization: Based on the report by EU funded project OPTIMISC 71-upon
analysing different value chains for miscanthus, the GHG and fossil-energy savings were highest for
the miscanthus biomass when it was used as insulation materials. Steam/explosion is used as a pretreatment process of the miscanthus and mixing and pressing method for the processing of the
miscanthus biomass into insulation building materials. The cost competitiveness of the miscanthus
based value chains for insulation building materials can increased by reducing the distance between
the production site the processing plants.
Regulatory framework:
-UK Bioeconomy Strategy72 aims to double the size of bioeconomy by 2030 and focuses on efficient
use of resources and is considered as important step to achieve clean growth. Thus, creating
opportunities value chains like biopolymers from sugar beet.
-National Plan for Industrial Biotechnology has a vision to increase the number of industrial
biotechnology active companies to over 200 with turnover over £900million. This creates opportunities
for sugar biorefineries and processing plants to invest in production of plant-based polymers.
-The EU73 level initiatives, strategies and regulatory frameworks on bioplastics provide a guidance for
UK to eliminate avoidable plastics. Green Chemistry, efficient use of materials, low impact materials
and low environmental foot print are some of the guiding criteria which have led to innovations of
biopolymers and their use for bio-based materials in the UK.
-UK is recognised leader in innovation platform and have Smart Specialisation Strategies focusing on
shift towards low-carbon by strengthening their research and technological development and enhancing
the competitiveness of small-medium sized enterprises. Under European Structural and Investment
Funds (ESI) funds, UK’s European Regional Development Fund (ERDF)74 has the largest share of 5.53
billion Euro and there funding priorities are:
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AN ETI Perspective (Bioenergy crops in the UK), 2016 https://d2umxnkyjne36n.cloudfront.net/insightReports/Perspectivebioenergy-crops-in-the-UK.pdf?mtime=20161010130635
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Lewandowski, I., Clifton-Brown, J., Trindade, L. M., van der Linden, G. C., Schwarz, K. U., Müller-Sämann, K., ... & Farrar, K.
(2016). Progress on optimizing miscanthus biomass production for the European bioeconomy: Results of the EU FP7 project
OPTIMISC. Frontiers in plant science, 7, 1620.
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UK Industrial Strategy for Growing the Bioeconomy
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/761856/181205_BEIS_Grow
ing_the_Bioeconomy__Web_SP_.pdf
73 The European Strategy for Plastics in a Circular Economy established a clear framework for designing biodegradable and
compostable plastics. The strategy proposes a target of 75% recycling of packaging waste by 2030, reduced use of micro
plastics and single-use plastics. Standardisation instruments implemented at EU level for bioplastics are- CEN/TS 16398:2012
(biopolymers); CEN/TS 16295:2012 (biopolymers); CEN/TS 16137:2011 (biopolymers). Smart Specialisation Strategies (S3)
and Horizon 2020 re additional framework under which research and development activities are funded projects to look for
alternative feedstocks to for bioplastics.
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https://ec.europa.eu/regional_policy/EN/atlas/programmes/2014-2020/united-kingdom/2014uk16rfop001

67

•
•
•

Strengthen research, technological development and innovation (22% of ERDF support)
Enhance the competitiveness of small and medium-sized enterprises (39% of ERDF support)
Support the shift towards a low-carbon economy in all sectors (22% of ERDF support).

Opportunities, terms and conditions for the cultivation: Miscanthus does not require productive
agricultural land which is used for food production instead can be grown in marginal lands. Miscanthus
establishment using the seed-derived plugs has proved to be the most successful methods on marginal
soils (Lewandowski et. al., 2016).
Role on the renaissance of rural areas: Miscanthus can be grown in surplus, marginal and fringe lands
which are otherwise left unproductive. This can diversify the income sources for farmers and create
new jobs in rural areas.
Critical success factors defined in the context of bio-based supply chains:
-Terravesta75 also anticipates that by 2020 miscanthus can be propagated using seeds and will be
available for at least certain percentage of the existing farmers. Seed-based establishment of
miscanthus will be one possible way to upscale the miscanthus production as it has potential to reduce
the establishment costs and meet the increasing demand of biomass in the bioeconomy (Lewandowski
et. al., 2016).
-Farmers/agriculture community need support to update their knowledge on the new hybrid species and
their adaptability to different soil and climatic conditions.
-Miscanthus ecological benefits (low GHG emission, flood risk mitigation, soil protection, nitrate
mitigation, increase soil carbon sequestration and biodiversity) should be recognised under ‘Greening
Measures’ of Common Agriculture Policy framework in the UK.
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https://www.terravesta.com/markets/#research-and-development
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A2.3 Sugar beet for bio-based polymers (UK)
Strengths

Weaknesses

-High yielding crop.
-Low-input and high water, nutrient and radiation
use efficiency.
-Sugar beet fits well as a rotation crop to break
the cycle in cereal crops which reduces the
incidence of pests and diseases.

-Needs good weed management to improve the
yields
-Sugar beets are sensitive to low pH peat soils (in
Scotland)
-Harvesting equipment of sugar beet is costly so
farmers cannot own the machines but outsource
the harvesting process to companies.
-Logistics costs of sugar beet are high.
-Sugar beet processing is energy intensive- sugar
beet dewatering, and sugar extraction requires a
lot of energy.
Storage of beets restricted (campaign crop)

-TRL 9 farmers have long term experience
growing sugar beet.
There are easily available propagation materials
and strong knowledge for the cultivation,
harvesting and mechanisation systems.
- Sugar beet is a rich source of starch which can
be used to produce PLA biopolymers which are
the most efficient biopolymers (yield 1 kg of PLA
polymers from 1.6kg of fermentable sugar
feedstock).
-Sugar beet (bio-based) based polymers are
biodegradable polymers which has high appeal
from the industry due to the possibility to using
the agricultural feedstock instead of nonrenewable petrochemical sources.
-Biodegradability of the biopolymers from sugar
beet makes them more attractive option.
-PLA from sugar beet is also efficient in terms of
land-use per tonne of products.

-Competition with other sources of carbohydrates
like potatoes, cellulose from woody crops and
straws

Opportunities

Threats

-High yielding capacity and low input requirement
makes sugar beet suitable crop for producing
biomass feedstock for bio-based products
--Global biopolymer market is growing, making
the price of the plant-based biopolymers more
competitive compared to petrochemical based.
There are many UK based companies which
produce biopolymers from sugar beet, such as
Floreon, Polythene UK, Chematur, BP, Axens,
Total and IFPEN.
- Elimination of sugar quotas in 2017 caused a
30% increase in cropped area and 58% increase
in production in the UK. This allows the potential
to diversify the feedstock uses for alternative
uses like biopolymers when the RTFO 2% cap
limiting its use for bioethanol.

-Sustainability of agricultural practices must be
safeguarded

-Sugar beet price has reduced by 20% compared
to 2013. Low sugar prices are lowering the overall
production and processing

Sustainable cropping strategies: UK has well established agronomic practices for sugar beet which is
grown for sugar production and by-product of the sugar processing plants are used for various other
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end uses following the principle of circular economy. There are many suitable varieties of sugar beet
available for cultivation on different soil types and climate conditions across the UK.
Production and supply chain organization: Sugar beet industry in UK is optimising their sugar beet’s
value chain by looking at possible ways to minimise the waste as well as create wide range of coproducts (like animal-feed, bioelectricity and bioethanol, topsoil and soil condition materials like limex).
In addition to this sugar beet also has shown potential to be used for biopolymers production.
Biopolymers derived from sugar beet can be used for various potential short-life and long-life end-use
applications. There is cross-indutry collaboration among Scottish Enterprise, IBioIC (Industrial
Biotechnology Innovation Center), research insitutute the James Hutton Insititute, SAOS (Scotish
Agricultural COrganisation Society Limited) through a Scotland’s Rural Innovation Support Service
(RISS) project to re-establish the sugar beet (Scottish Sugar Beet factory, Cupar was closed 50 years
ago) and its processing in sugar biorefinery in eastern Scotland. 76 Companies like Germains, Norflolk
are providing the technologies and consultancy series to improve the sugar beet crop varieties (NNFCC
Report, 2019). British Sugar and T&L Sugars are the two sominant sugar producers. British sugar is
supplied by 3,000 growers and supports 9,500 jobs.
Regulatory framework:
-UK Bioeconomy Strategy77 aims to double the size of bioeconomy by 2030 and focuses on efficient
use of resources and is considered as important step to achieve clean growth. Thus, creating
opportunities value chains lik biopolymers from sugar beet.
-National Plan for Industrial Biotechnology has a vision to increase the number of industrial
biotechnology active companies to over 200 with turnover over £900million. This creates opportunities
for sugar biorefineries and processing plants to invest in production of plant-based polymers.
-The EU78 level initiatives, strategies and regulatory frameworks on bioplastics provide a guidance for
UK to eliminate avoidable plastics. Green Chemistry, efficient use of materials, low impact materials
and low environmental foot print are some of the guiding criteria which have led to innovations of
biopolymers and their use for bio-based materials in the UK.
Opportunities, terms and conditions for the cultivation: Sugar beet is grown at large scale in UK and
diversifying the non-food application of sugar beet from biofuel to other biomaterial purposes will be a
great opportunity under the UK Bioeconomy Strategy.
Role on the renaissance of rural areas: Diversification of the end-uses of the sugar beet for biopolymers
has the potential to play a role in the renaissance of rural areas. According to the NNFCC report79
market for ethanol in Scotland is established and bioethanol produced from sugar beet can deliver the
current blend levels. There are local Scottish companies Cellucomp, 3FBio and Vegware producing
large volumes of ethanol and exploring pretreatment options for sugar beet for bio-based products and
biorefineries like Grangemouth which are exploring the options for supply of bioethanol.
Critical success factors defined in the context of bio-based supply chains:
-Sugar beet derived bioplastics need to meet the criteria of quality performance, biodegradability and
recyclability; acceptance by consumers and packaging waste processors.
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UK Industrial Strategy for Growing the Bioeconomy
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/761856/181205_BEIS_Grow
ing_the_Bioeconomy__Web_SP_.pdf
78 The European Strategy for Plastics in a Circular Economy established a clear framework for designing biodegradable and
compostable plastics. The strategy proposes a target of 75% recycling of packaging waste by 2030, reduced use of micro
plastics and single-use plastics. Standardisation instruments implemented at EU level for bioplastics are- CEN/TS 16398:2012
(biopolymers); CEN/TS 16295:2012 (biopolymers); CEN/TS 16137:2011 (biopolymers). Smart Specialisation Strategies (S3)
and Horizon 2020 re additional framework under which research and development activities are funded projects to look for
alternative feedstocks to for bioplastics.
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-Additional standardisation measures in place will help increase the volume of bioplastics production.
This will help to gain the trust of the customers and industry and make bioplastics as a reliable product
with standard.
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A2.4 Poplar for bio-based and biodegradable polymers (UK)
Strengths

Weaknesses

-High yielding crop.
-Suitable in marginal soil and climatic conditions.
-Easy propagation process, high growth rates, low
inputs requirement and perennial nature makes it
suitable crop to grow which requires very low
production cost.
- The high canopy of poplar changes the humidity
and temperature of the crops and has ability to
improve the water use efficiency of the system.

-Lifetime of poplar is 23 years which requires long
term commitment from farmers & industry
-Crop establishment can have high failure rates if the
winter is very wet or very dry
- Poplar yields are lower compared to willow, but
they can outperform willow yields if the sites are
fertile and have high radiation
- Based on the empirical models of crop productivity
in the UK, the potential geographical distribution of
poplar is limited compared to other lignocellulosic
crops like miscanthus and willow. 80

-Poplar is a good source of cellulose for biopolymers.
The feedstock from poplar is fermented into lactic
acid and converted into PLA. According to research
done by Biome in collarboraion with University of
Warwick’s Centre for Industrail Biotechnology and
Biorefining, lignin is successfully broken down using
bateria to produce biopolymers. They are looking for
opportunities for product development at large scale,
TRL 8.81
-Cellulose based biopolymers are approved for food
contact and are also certified for it biodegradability.
This they can be used for range of food packaging
applications.
- Cellulose based biopolymers is the most abundant
natural polymers today and has an advantage of
biodegradability in natural environment, ability to
reduce GHG emission, conserve ecosystems and
promote biodiversity.
-Interest from bio-industries to manufacture
bioplastics to replace conventional plastics

-Not all bioplastics are biodegradable and
composable – thus creating the collection of the
packaging materials without contamination difficult.
-In order to make the best of its biodegradability
these packaging materials can be used in certain
niche applications so that the collection is more
concentrated.

Opportunities

Threats

-High yielding capacity and low input requirement
makes poplar a suitable biomass feedstock for biobased products

-The support scheme for energy crops was
discontinued after 2015 in the UK. This can
potentially reduce the production of SRCs in the UK
due to high establishment and removal costs

-Global biopolymer market is growing, making the
price of the plant-based biopolymers more
competitive compared to petrochemical based.
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-Cellulose based biopolymers are food approved,
thus it has possibility to expand into a huge market
of compostable food packaging.
- Biorefinery research and development activities in
the UK are happening at lab or pilot scale that can
be used to springboard the development of a
commercial sector. It is coherent with the United
Kingdom’s greenhouse gas emissions reduction
target of 80% by 2050.
Sustainable cropping strategies: There are many hybrid varieties of poplar making the selection of right kind
of species which suits the local soil and climatic conditions easier. They are suitable high yielding energy crops
for biofuel production as they can be grown at the rate of 1,500 trees per acre denser than for paper and pulp
industry.
Production and supply chain organization: Currently poplar is grown in smaller-scale plantations whereas
willow are grown in large scale plantations. Therefore, additional support is required to form farmers cooperatives to bring together small-farm holders to grow poplar together for bioenergy plants.
Regulatory framework:
-UK Bioeconomy Strategy82 aims to double the size of bioeconomy by 2030 and focuses on efficient use of
resources and is considered as important step to achieve clean growth. Thus, creating opportunities value
chains like biopolymers from sugar beet.
-National Plan for Industrial Biotechnology has a vision to increase the number of industrial biotechnology
active companies to over 200 with turnover over £900million. This creates opportunities for sugar biorefineries
and processing plants to invest in production of plant-based polymers.
- The EU83 level initiatives, strategies and regulatory frameworks on green chemistry, efficient use of materials,
low impact materials and low environmental foot print are some of the guiding criteria which have led to
innovations and use of bio-based materials in the UK.
Opportunities, terms and conditions for the cultivation: Poplar (SRC) does not require productive agricultural
land which is used for food production; it can be grown in marginal land. Poplar has potential to fulfil the
demand of domestically grown biomass for second-generation biofuels.
Role on the renaissance of rural areas: Poplar can be grown in surplus, marginal and fringe lands which are
otherwise left unproductive. This can diversify the income sources for farmers and create new jobs in rural
areas.
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UK Industrial Strategy for Growing the Bioeconomy
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/761856/181205_BEIS_Growing_the_
Bioeconomy__Web_SP_.pdf
83 The European Strategy for Plastics in a Circular Economy established a clear framework for designing biodegradable and
compostable plastics. The strategy proposes a target of 75% recycling of packaging waste by 2030, reduced use of micro plastics and
single-use plastics. Standardisation instruments implemented at EU level for bioplastics are- CEN/TS 16398:2012 (biopolymers);
CEN/TS 16295:2012 (biopolymers); CEN/TS 16137:2011 (biopolymers). Smart Specialisation Strategies (S3) and Horizon 2020 re
additional framework under which research and development activities are funded projects to look for alternative feedstocks to for
bioplastics.
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Critical success factors defined in the context of bio-based supply chains:
-Farmers already know agronomic practices to grow poplar due to paper and pulp industry but they need
support to update their knowledge on the hybrid productive species of poplar which are more suitable to their
own climatic and soil conditions.
-Lignocellulosic biorefineries should see poplar as a reliable source for lignocellulosic feedstock, such that
feedstock production, conversion and uptake of biomaterial consumption can be developed in parallel.
-Poplar has ecological benefits like reducing soil erosion and phytoremediation, reduction of nitrates level in
the ground and surface water. These benefits should be recognised under ‘Greening Measures’ of Common
Agriculture Policy framework to get additional support for production.
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A2.5 Lavender for biopharmaceuticals or cosmetics (UK)
Strengths

Weaknesses
4th

year)84,

-High yield crop (up to 1.4 tonne/ha from
pest and disease resistant thus does not require
fertilizers and pesticides.
-Can be grown in poor and rocky soils, perennial
plants which has a life of 10-20 years
-Distillation (Water or steam) and solvent extraction
of the essential oil is a well-known process and can
be done both at large as well as small-scale.
-Knowledge of cultivation, harvesting and
mechanisation.
-Post-harvest, de-budding is also mechanised using
simple machines to separate lavender buds from the
straw.
-Low tech methods can be used to clean the
lavender buds from contaminants
-Well established market for essential oils (cosmetic,
pharmaceutical uses) and ornamental purposes.
-Essential
oil
from
lavender
has
antibacterial/antimicrobial property making them
suitable agent to use in food-industry to increase the
safety and shelf-life.

-Oil quality of Lavender depends on the water stress
conditions during production.
-Not all farmers have mechanised harvesting
machineries.

Opportunities

Threats

-Since the UK environment is suitable for lavender
opportunities to increase the production scale of the
lavender.
- The UK chemical and pharmaceutical industry is
one of the largest contributor (£15 billion per year) to
the national economy and creates high skilled
employment opportunities. This create opportunities
for specialty crops like lavender. Biomass
feedstocks usage is predicted to add benefits of £8
billion to the UK in the long-run.85
-Opportunity to explore the market for the valueadded products from lavender (e.g. aromatherapy
for pain management)

- Large scale production of lavender can displace the
small-scale farmers who are already well
established in their lavender business.
-

- No large-scale processing plants for lavender
feedstocks in the UK

- There is no established large market infrastructure
for lavender products in UK. Small-scale farmers
have independent products and established market
structures

Sustainable cropping strategies:
Lavender is widely grown across UK in small-scale farms and is suitable for UK climate because it can also
survive in extreme cold conditions and in rocky soils (essential oils production as long as temperature does
not fall below zero °C). Lavender is propagated using seeds as well as the stems. Propagation materials easily
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available. Lavender is germinated from seeds before transplanting it outside. They can also be propagated
using stem cuttings of 6-inch in lengths. The cuttings should be in partial shade and watered frequently until
the roots are established. Lavender grown in small-scale farms in the UK are harvested using bypass pruners.
Production and supply chain organization: In the UK in average lavender can produce up to 450 kg to 680 kg
of dried buds per acre of land. According to Wikifarmer, average yield in the UK is 14 kg of essential oil per
hectare.86
Regulatory framework:
-UK Rural Development Programmes (UK RDPs) under CAP has allocated funding for organic farming (53.5
million for organic farming) and supports young farmers.
These funds allocated can be useful because specialty crops like lavender which are grown in small scale
compared to other crops has potential to be change farming practices to organic farming and fulfill the demand
of the organic , bio-based products from biopharmaceutical and biochemical industries.
-UK is recognised leader in innovation platform and have Smart Specialisation Strategies focusing on shift
towards low-carbon by strengthening their research and technological development and enhancing the
competitiveness of small-medium sized enterprises. Under European Structural and Investment Funds (ESI)
funds, UK’s European Regional Development Fund (ERDF) 87 has the largest share of 5.53 billion Euro and
there funding priorities are:
• Strengthen research, technological development and innovation (22% of ERDF support)
• Enhance the competitiveness of small and medium-sized enterprises (39% of ERDF support)
• Support the shift towards a low-carbon economy in all sectors (22% of ERDF support).
Specialty crops like lavender can tap into the resources under the UK ERDF and use the funding allocated for
small-medium sized enterprises.
Opportunities, terms and conditions for the cultivation:
Knowledge and experience of lavender production with small -scale farmers can be used to establish the large
farm production in order to increase the production scale.
Role on the renaissance of rural areas: Lavender is already widely grown in the UK in small-scale farms and
have small niche market of cosmetics, biochemicals and biopharmaceuticals produced in the UK. For example,
Cotswold Lavender88 is a small company producing, processing and marketing the lavender based products.
Lavender farming can be established following organic farming practices to supply to the growing industry of
bio-based organic biopharmaceuticals and personal care products.
Critical success factors defined in the context of bio-based supply chains:
To increase the scale of production of the lavender based biopharmaceutical and cosmetic products, first there
should be increase in the production of the lavender. Promote knowledge exchange among farmers to increase
the interest from other farmers. Then followed by increase in support for research and innovation for the
processing plants to diversify their end-uses and produce products which can reach out to consumers in large
scale.

86 Source: https://wikifarmer.com/lavender-essential-oil-yield/)
87

https://ec.europa.eu/regional_policy/EN/atlas/programmes/2014-2020/united-kingdom/2014uk16rfop001

88

Costwold Lavender. https://www.cotswoldlavender.co.uk/about-us
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A3. France
A3.1 Camelina oil for aviation biofuels and chemicals in France
Strengths
Classical camelina oil is rich in omega-3, and could
be used as linseed oil/soybean oil substitute in
industrial application.
Spring type camelina can be grown as a winter crop
in southern climate.
Low input crop and tolerant to diseases.

High demand in crops that can enter in rotation
schemes where rapeseed is established.
Seed cake is rich in omega-3, which is good for
animal feed. Seed cake are compatible with animal
feed in small quantities (with a good degradability of
proteins), especially for poultry.
Structuration of vegetable oil sector in France (from
farmers to manufacturers) with pilot steps for small
volumes and financial support.
Entire and early soil cover to prevent from weeds
Opportunities
Short growing period. Can be used in double
cropping systems.
Drought tolerant. Can become an important factor in
global warming context.
Diversification crop for farmers (lengthening of
succession planting, agronomic services, new
incomes).
New Camelina variants (mutants/GM) rich in
monounsaturated fatty acids have been produced.
Oleic acid rich type can find numerous industrial
applications.
Unique crop rich in Gondoic acid (C20:1).
Feedstock for aviation biofuels with no competition
with food. Binding measures for aviation sector to
limit GHG emissions could be an opportunity to
develop camelina.
Allelopathic properties to develop agroecologic
cropping systems

Weaknesses
Best yields on large fields are still below rapeseed
yields in the same location.
Seed size is small leading to harvest losses.
Logistics (need small storage capacities for
operators) and transformation (need smaller plants
than the existing ones).
The seed meal contains some Sinapine, which limit
its use in feed ingredients.
Lack of knowledge on the use of seed cake as a
major source of feed especially for ruminants.

Lack of research in seed breeding and improvement

Threats
Limited seed suppliers.
Legislation on biofuels could drive the production for
its expected low cost.
Legislation on GM/Crispr-Cas9 crops can restrict the
penetration of new variants.
The classification of camelina as a NFC can be
discussed because the oil can still be used for
human nutrition. The advantage of being a NFC is
maybe not acquired forever.
Gondoic acid is still a minor fatty acid in the oil (less
than 20 %) and its separation can be costly.
Production of camelina in other countries with more
suitable climatic conditions and lower costs would
lead to import instead of national production.

Sustainable cropping strategies:
Camelina has a short growing period. So, it can be used in double cropping systems or as a single crop when
winter is unusually long. It can also be used in crop rotation to reduce the pest pressure on the food crops.
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Camelina requires low inputs (fertilizers…) and is drought tolerant. It is a way for farmer to diversify their
succession planting and to improve the sustainability of their farms.
Production and supply chain organization:
The production is currently limited. To supply the Chemical sector, a significant production will have to be
established. That might go through a period in which the oil is used in limited food production but also as a
biofuel, to later be able to supply a larger demand. For the moment, logistics is still limiting because it is difficult
for operators to develop small storage capacities. Small volumes of seeds also need adapted transformation
plants. Pilot steps well-adapted for niche volumes are existing in France (i.e. OLEAD platform) and financial
actors to support the development of the vegetable oil sector (i.e. SOFIPROTEOL, Interbranch association,
etc.).
Regulatory framework:
Camelina has been studied for fuel production, where its low production cost has been seen as a driver.
Camelina is regarded as an opportunity by aviation sector to produce biojet. Indeed, aviation sector does not
want to open again the debate between food and non-food competition and biofuels are the only technology
to reduce their GHG emissions. Camelina is one of the best crops corresponding to their needs. But for the
moment the cost of aviation biofuels is extremely high and binding measures would be necessary to support
their development.
The use of Camelina oil in Industrial applications, besides biofuels, would be regulated by REACH. That means
that the products would have to go through the REACH regulation. Even in the case where linseed oil is
replaced by camelina oil in production of plasticizers for PVC, the REACH regulation would apply. Cost for
registration of new products would restrict the market penetration.
Opportunities, terms and conditions for the cultivation:
Camelina is drought resistant. So, in a global warming context, it offers opportunities to farmers to reduce their
water consumption.
Role on the renaissance of rural areas:
Camelina can be a source of new income for farmers as main crop or as intermediate crop. With the
structuration of new small-scale value-chains from farmers to manufacturers, camelina could create new
added value for rural territories.
Critical success factors defined in the context of bio-based supply chains:
Camelina oil is attractive for industrial production. With its current fatty acid profile it would be a candidate to
substitute linseed/soybean oils in some applications such as paints and varnishes, linoleum, epoxidized oil
(PVC plasticizers)… Camelina oil is also unique for its content in Gondoic acid C20:1, for which new
applications such as in polymer industry would have to be developed. New Camelina variants have been
developed with very low PolyUnsaturated Fatty Acids (PUFAs) content. In this case, the oil is rich in Oleic and
Gondoic acids and could address markets where those are needed. Camelina has also been studied for fuel
production, where its expected low production cost is seen as a driver.
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A3.2 High erucic acid rapeseed (HEAR) oil for cosmetics and polymer additives in
France
Strengths
Established crop with high Erucic Acid content
(C22:1).
Well established crop which can use the same
sowing and harvesting equipment than classical
rapeseed.
Structuration of the global rapeseed sector from
farmers to manufactures in France (1st EU rapeseed
producer) and of a regionalized HEAR sector in
Normandy region (1st EU HEAR producer) with
important support in genetic research.
Existing contracts with farmers.
Seed cake very adapted to animal feed with a higher
protein content compared to classical rapeseed
Opportunities
Demand for long chain fatty acid could increase for
applications in cosmetics such as for wax esters (as
substitute of Jojoba wax for example)
Possibility to develop rapidly new volumes if demand
is increasing due to the already existing sector.
New markets for Erucic acid in polymer industry or
lubricants (as starting material) could develop in the
future.

Weaknesses
In order to preserve the high erucic acid content, the
crop has to be isolated from the classical rapeseed
(known as double zero).
Risk of contamination of the food crop (rapeseed)
and Risk of lower erucic content in HEAR in case of
contamination.
Grows in the same areas than classical rapeseed.
HEAR sector is extremely concentrated and
dependant (of one region, one storage operator, one
industrial and one plant).
Seed cake are sold without any prime despite their
higher protein content.

Threats
Crambe has a higher erucic acid content. However
the separation of fatty acids from HEAR is already
established for concentration of Erucic acid.
Price premium for HEAR could disappear if the crop
becomes more important or could increase if it is
more regulated
Erucic acid is used for production of Erucamide,
which is used as a slip agent in plastics industry.
With the expected decrease demand of single use
plastic bags, demand for erucamide should drop.
One of the more promising application is for polymer
additives which involves only small quantities of
HEAR oil and no mass market.

Sustainable cropping strategies:
Production of HEAR is very similar to classical rapeseed. Rapeseed is largely widespread whereas HEAR is
localized in only one region. Rapeseed and HEAR play an important role in the succession planting as starter
crops and play a positive role on the following cereal (higher yield and less inputs).
Even if HEAR production requires a high quantity of inputs (nitrogen and pesticides), new cultivation practices
are already implemented to improve the sustainability of the production: association with protein crops, natural
substitution of pesticides, development of catch crops (nitrogen fixating) to limit the use of mineral nitrogen.
Technical institutes invest a lot in these topics.
Production and supply chain organization:
France is the first EU producer of both rapeseed (with around 1,5 Mha and 5 Mt of seeds harvested in 2015)
and HEAR (with around 20 000 ha and 80 kt of seeds in 2015). The production is managed by a union of
cooperatives in the Normandy region and crushed in a plant located in the same region. Most of the oil
production is exported to other European countries.
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Production chain is organized with three years-contracts with farmers and serves a price premium to HEAR
versus rapeseed.
Regulatory framework:
For the moment there is no specific regulatory framework that supports the development of HEAR. Only the
REACH legislation for chemical products.
Opportunities, terms and conditions for the cultivation:
As rapeseed, HEAR can already be considered as a widespread crop. But the cultivation in France encounters
problems in the last years due to exceptional droughts which avoided the good growth of the plant and to an
increasing pest and pathogen pressure. With the climate change, cultivation of HEAR could become more and
more difficult in some regions. For the moment, the region of production of HEAR is not the most affected
region but as the production is very geographically limited, this risk has to be taken into account.
Role on the renaissance of rural areas:
With a stagnation or a decreasing use of rapeseed oil for biofuel production, HEAR could be a way to replace
rapeseed production in some regions. It is particularly the case in intermediate regions with low agronomic
potentials where rapeseed is necessary for farmers without any other alternatives. Rapeseed is often in these
regions the most profitable crop and the first source of income.
Critical success factors defined in the context of bio-based supply chains:
Farmers need to make sure that their field is isolated from other classical rapeseed to avoid cross pollination
that could reduce the erucic acid content. The demand will stimulate the production which can rapidly adapt.
For the moment the demand is not high enough to increase the production.
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A3.3 Triticale as catch crop for on-farm biogas production in France
Strengths
An adapted winter catch crop for a lot of French
succession plantings, i.e. for monocropping maize
systems. Triticale can be developed on a very large
scale.
Good yields are obtained in research programs.
Rustic species with a good resistance to pests.
No need of a specified quality for this use, the only
constraint is to produce enough in terms of quantity.
No competition with main food/feed crops.

Opportunities
Important public and private support for the
development of catch crops (research program of
the ADEME, listed in the French National Strategy of
Bioeconomy, support of national gas companies, …)
A way to improve the organic content of the soil with
a higher restitution of biomass than a classical catch
crop (“4 per 1000” Initiative).
A new source of income for farmers by selling the
crop to biogas producers or by selling the energy
delivered. And a way to create new rural jobs (for
logistics, for biogas plant construction, …)
An important reduction of GHG emissions and an
improvement of the sustainability of the whole
farming system.
Big interest of farmers to diversify their systems and
their income sources.

Weaknesses
Cost of production remains relatively high (with the
current energy purchase price and by integrating the
investment in the biogas plant and the necessary
operating costs).
High variability of yields depending on the pedoclimatic conditions.
Lack of genetic research on triticale varieties for
biogas production.
Results of research programs cannot be
extrapolated to other regions. Lack of knowledge.
Need of storage facilities to use it on the whole year
in the biogas plant.
Negative impact on the following crop.
Threats
Catch crops cannot be the only feedstock supply of
a biogas plant due to the high variability of yields.
Need other feedstocks to complete the supply of a
plant.
Cannot be profitable without an important public
support.
Necessary to maintain the authorisation to fertilize
these crops.

Farmers take a risk with these new cropping systems
and they must be convinced and trained.
Less water available for catch crops due to climate
change.

Sustainable cropping strategies:
Triticale as catch crop is generally sown in October and is harvested as late as possible (end of April-May). As
the development of the crop is particularly important in spring, the later triticale is harvested, the higher the
yield will be. But this impacts negatively the following crop (lower yield, negative impact on the water
availability). So, the choice of the harvest date is a compromise between reaching a good yield for triticale as
catch crop and a good yield for the main following crop. Fertilization with nitrogen (mineral, manure or
digestate) is recommended to secure the yield. An association with legumes can also be a good solution to
use less nitrogen, but the percentage of legumes must be limited.
Production and supply chain organization:
The yield can vary a lot (from 2 to 12 ton of dry matter per hectare), depending on the condition of planting of
the crop, the fertilization, the climatic conditions and the date of harvesting. The existing material for sowing,
fertilization and harvesting is suitable. As the crop as a high-water content, it must be transported in short
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distances and stored in a silage form. It is necessary to keep the energetic content of triticale and to use it on
the whole year in the biogas plant.
If triticale is stored in good conditions, the biomethane potential does not decrease during the whole year the
triticale is stored.
Regulatory framework:
France has set up ambitious goals for on-farm biogas production. With long-term guaranteed feed-in tariffs for
the renewable electricity or the biomethane produced, the legislation is rather favourable. Dedicated crops are
limited (max 15%) in order to encourage the use of agricultural waste and residues. But the use of intermediate
crops is not limited which is a good option for farmers from cropping systems who have no access to manure
and who would like to become biogas producers.
Opportunities, terms and conditions for the cultivation:
Triticale is an adapted winter catch crop for a lot of French succession plantings, before a main spring crop
(maize, sorghum, soy, sunflower). The production cost (€/ ton of dry matter) is depending on the yield and can
vary a lot, according to what you take into account (only direct costs or also all the depreciation and other costs
of the farm which are normally only included for main crops). It is the same for the selling price which will
depend on whether the farmer is selling its triticale to a biogas producer or directly using it in its plant to produce
and sell energy.
The impact on the following crop (lower yield) must also be integrated in the calculation.
Role on the renaissance of rural areas:
Farmers are really interested by this crop to diversify their cultivation systems and their income sources. It is
also a way to create new rural jobs, like for example for logistics, for design, construction or operating of biogas
plants, and a solution for the production of renewable energies, the reduction of GHG emissions, the reduction
of mineral fertilizers or the storage of carbon in the soil.
These are the reasons why the public and private support (financial, technical, training, …) are important in
France.
Critical success factors defined in the context of bio-based supply chains:
The key point is the biomass production per hectare. It is the way to reduce production costs and to be
profitable. Bests practices are well identified now: sowing date, fertilization and/or association, harvest,
storage, … but there will still be a high variability due to the specific cultivation period.
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A3.4 Switchgrass for energy (2G biofuel or combustion) in France
(

Strengths
Perennial crop to decrease soil tillage.
Low inputs requirements.
Use of seeds for installation.

Weaknesses
Soil competition with food/feed crops.
Low seed suppliers for France.
Lack of genetic research on switchgrass varieties for
France.
Ability to harvest at the end on the winter.
Low communication on switchgrass in agriculture
national and regional papers.

High water use efficiency and draught tolerant.
No competition with main food/feed crops.
National research programs and demonstration
plants.
Opportunities
Important public and private support (research
programs, listed in the French National Strategy of
Bioeconomy, …)
Easier crop installation than other perennial
lignocellulosic energy crops.
Can be both harvested at low moisture content for
combustion and 2G biofuel.
Low input requirement.
Carbon market development.
Increasing crop area for French farms and need to
keep time on foreign fields.

Threats
Global assessment and soil competition

High mineral content.
French regulation to take into account in areas for
environmental
interest.
(foreign
species,
invasiveness?)
Farmers take a risk with these new cropping systems
and they must be convinced and trained.
Less water available for catch crops due to climate
change.
Decreasing solutions to prevent from weeds on the
first year.

Sustainable cropping strategies:
Switchgrass must be sown at the beginning of May into fields cleared from weeds with fine soil tillage. Late
harvest at the end of the winter (March) is better to increase crop lifetime and decrease fertiliser needs. It
requires low amounts of Nitrogen, K2O and P2O5 fertilisation, still these low inputs are necessary.
First year after seeding is not productive.
Production and supply chain organization:
Yield varies from 6 tDM/ha to 15 tDM/ha depending on soil depth, water content or summer rainfalls. Harvest
can be done with silage machines for local use (low bulk density) or mower and balers to transport on longer
ways. At the end of the winter, switchgrass is dry enough (15 to 20 % moisture) to be stored for its valorisation.
Crop acreage and supply chain have to be studied with few available days for harvest in March.
Regulatory framework:
France has set up ambitious objectives for renewable energies and GHG emission savings. A national strategy
for biomass mobilisation has been set up. Subsidies are available to convert fuel boilers to biomass ones.
Indirect land use change could decrease switchgrass interest according to Renewable Energy Directive RED
II.
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Opportunities, terms and conditions for the cultivation:
Switchgrass could be easily developed with 2G plant or biorefinery area in addition to various NFC. The
production cost (€/ ton of dry matter) is depending on the yield.
Trends of farm structure, agroecology or environmental area could be real opportunities for its development.
Farmers could grow switchgrass on remote fields mainly to keep time according to the increasing farm
acreage.
Water catchment areas or other areas with environmental concern could be short term opportunities for
switchgrass.
Compensation of positive externalities such as biodiversity, decreasing leaching risks for pesticides is another
way to develop switchgrass.
Role on the renaissance of rural areas:
Farmers are really interested in growing perennial lignocellulosic crops on remote fields or special areas.
Switchgrass production is a way to use machinery and labour time during a longer period over the year and
maintain or develop rural jobs especially for logistics.
These are the reasons why the public and private support (financial, technical, training, …) are important in
France.
Critical success factors defined in the context of bio-based supply chains:
Final use, energy plant development is the main success factor to grow switchgrass. Other key points are the
biomass production per hectare and production costs to be competitive towards other biomass and oil.
Switchgrass is easier to establish than miscanthus or giant reed from a technical point of view for a similar
production. Seeds available in USA would have to be developed in France.
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A3.5 Sorghum for bio based material
Strengths
Annual crop.
Low inputs requirements.
Production as main crop or in double cropping
systems.
High water use efficiency and draught tolerant.
No competition with food/feed crops in double
cropping systems (systems (only for biogas
production).
Public and National research programs.
Genetic and seed breeding improvement.
High genetic variability.
Interesting and diverse type of fibers.
Opportunities
Public and private support (research program, listed
in the French National Strategy of Bioeconomy, …).
Climate change and development of new areas for
production.
Low input requirement and agroecology.
Carbon market development.
Double cropping systems a way to adapt nowadays
cropping systems to agroecological ones.
Need for biocompounds.
Seasonal production could complete another
biomass feedstock.

Weaknesses
Lower seed breeding and improvement
Harvested with high water content or difficult to
naturally dry.
High temperature demand at sowing.
Difficulties in weed control.
Poor image on the effects of sorghum on the
following crop.
Lack of private research on process.
Seasonal production and need to store for
valorisation.
Genetics: Very few early varieties in France.
Need for pre-treatment to extract soluble sugars
before fiber extraction.
Threats
Global assessment and soil competition for whole
crop mobilisation.
High yield variability in double cropping systems.
Decreasing solutions to prevent from weeds.
Lack of knowledge and trainings.
National regulation and decreasing in irrigation.

Sustainable cropping strategies:
Sorghum can be grown with low input strategies. Winter cereals could be harvested earlier because of global
warming and allow sorghum production in double cropping systems.
Production and supply chain organization:
Yield varies from 6 tDM/ha to 20 tDM/ha depending on soils depth, water content or summer rainfalls and
cropping systems: whole energy crop or double cropping. Sorghum has low input requirements. Weed control
and sowing quality are the main factors of production with water balance.
Sorghum produced and harvested as main crop is grown from May to September with existing machinery. Into
double cropping systems, sorghum is grown from the end of June, beginning of July to the end of September.
There is a large genetic variability. Sorghum bicolor could be produced for grain whose straw could be
valorised; for silage and animal feeding, for fiber or with high sugar content. Another type mainly for silage
(Sudangrass) could be interesting for its fast growing cycle and role of cover crop. At harvest time, temperature,
air moisture and available days don’t allow a harvest of a large amount of dry biomass. Silage is the best way
with local storage to decrease transport costs. Nowadays machinery is adapted for this NFC.
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Regulatory framework:
The aim for French policy makers is to develop new agroecological cropping systems. Double cropping is an
opportunity to prevent from land use competition and to decrease inputs and environmental impacts. Biomass
could be harvested from these new cropping systems for bioeconomy development with ambitious objectives.
Opportunities, terms and conditions for the cultivation:
Need for diversification of cropping systems is one of the main opportunities for sorghum. It can take place in
short crop rotation mainly based on winter crops and can decrease weeds and environmental targets. Global
warming completes this opportunity. Production area is now larger, going to Western and Center France.
Winter crops are harvested earlier and could let opportunities to manage double cropping systems. This
development of new cropping systems is an issue for agroecology development in France. Seed improvement
and breeding is getting higher in France for sorghum but development of new varieties growing faster or cold
tolerant are new issues for breeders.
Role on the renaissance of rural areas:
Rural employment for logistics and valorisation is a main outcome for this type of valorisation. Sorghum
management, especially in double cropping systems is a way to decrease depreciation and costs of farm
machinery. The crop and farm competitiveness could be improved with a better use of existing machinery.
Development of new cropping systems to agroecological ones is a real opportunity for rural development. With
a low impact on the environment, attractiveness of rural areas could get higher.
Farmers are really interested in growing perennial lignocellulosic crops on remote fields or special areas.
Sorghum production is a way to use machinery and labour time during a longer period over the year and
maintain or develop rural jobs especially for logistics.
Critical success factors defined in the context of bio-based supply chains:
Process have been worked in a national research and competitive program (Biomass for Future) at lab scale.
Scale-up will be an important issue for the development of sorghum bio-based compounds. This development
will depend on compounds’ competitiveness and by-products valorisation. Soluble sugars extracted from
sorghum before fiber treatment must be used in a biorefinery concept.
New market developments could boost sorghum area because knowledge and training on crop management
are available.
Seed improvement and breeding is another key factor in order to offer non photosensitive varieties, with shorter
cycle or tolerant to low temperatures for young phase.
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A4. Portugal
A4.1 Cardoon (Cynara cardunculus) for the biobased chemicals market (PT)
Strengths

Weaknesses

Crop production established; Can grow with limited
use of crop protection products; Geo-climatically
suitable for Portugal, drought resistant.(TRL 7)
Harvesting is mechanized; Currently it is used in
production of cheese (enzymes from cardoon
flowers), the technology, although artisanal, is
already industrially demonstrated. (TRL 6)
High demand for the dried flowers. The production
cost is low.

Currently produced in small scale; there is limited
availability of seeds.

Opportunities

Threats

Suitable for marginal conditions; expansion
potential is high
Opportunities for new jobs and economic activity in
rural areas; ability to produce stocks for multiple
markets; Some bioactive compounds show
interesting pharmacological properties (TRL4).
Cardoon seeds can be used for oil, protein flour,
bioactive compounds. Cardoon straw/stems for
solid biofuels (energy), paper and pulp, other
chemicals, etc. Cardoon roots: organic substances,
chemicals, etc

When growing in larger areas, new pests and
diseases might show up.
Extraction of bioactive compounds with interesting
pharmacological properties was only validated in
lab. Other processing options were also only
validated in pilot units.
Current supply is not sufficient to support multi
industrial supply chains.

Artisanal technology.

The net profit margin for farmers is not high. The
current market price is very variable.

Sustainable cropping strategies: It is not produced on a large scale. There is a need for certified seeds and
improvements in crop management are still needed in order to obtain higher yields. The long root system can
contribute to alleviate the dispersion of pollutants in soil (¿). Crop suitable for marginal conditions. It contributes
to enrich the soil in carbon, it is a crop with a high water use efficiency with low fertilizer requirements (except
for N), and low pesticide and herbicide requirements.
Production and supply chain organization: The current production and supply chain for cardoon is related with
the use of extracts from dried flowers for the production of cheese. But processing is artisanal. Alternative
routes for crop processing of interest include seeds for oil, protein flour, bioactive compounds; straw/stems for
solid biofuels (energy), paper and pulp, other chemicals. The use of bioactive extracts with
pharmacological/medicinal purposes is gaining interest. Higher production of cardoon for the production of
bioactive compounds will result in a higher supply of cardoon biomass, that can be used for
bioenergy/biomaterials.
Regulatory framework: Cardoon seed oil can be used for the production of biodiesel whose characteristics are
regulated by law in EU. For the moment there is no specific regulatory framework that supports the
development of extracts from cardoon. Only the REACH legislation for chemical products. Its use in
medicinal/phamacological products will have to follow common procedures applied to a novel product.
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Opportunities, terms and conditions for the cultivation: Essential for profitable crop production is the availability
of proper seeds, harvesting equipment and diversified market potential. Cardoon has shown some ecological
benefits of soil phytoremediation and improves the soil fertility. The flowers contribute to the biodiversity, as
they are an element of attraction of birds, pollinators and others. Crop suitable for marginal conditions.
Role on the renaissance of rural areas: Cardoon can be a source of new income for farmers as main crop or
as a crop produced in marginal soils. Cardoon could create new added value for rural territories, such as new
jobs linked with logistics, storage, pre-processing and processing.
Critical success factors defined in the context of biobased supply chains: Currently produced on small scale;
current supply is not sufficient to support a biobased supply chain that will need a large amount of feedstock
or a multi industrial supply chain. The need for improvements on extraction and concentration of bioactive
compounds and for a scale up of lab and pilot studies, in order to industrialize the added value products
obtained.
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A4.2

Eucalyptus in a biorefinery context (extraction of bioactive compounds
previous to its use for pulp for paper) (PT)

Strengths

Weaknesses

Crop production established in large scale, high
yielding varieties selected; can grow with limited
use of fertilizer or crop protection products, Geoclimatically suitable for Portugal, drought resistant.
(TRL 9)
Harvesting is mechanized; Currently it is used for
the production of pulp for paper, with a technology
already industrially demonstrated (system complete
and qualified) (TRL 9)
High demand for the pulp for paper industry.

Reduction of soil biodiversity due to the allelopathy
of the leaves.

Opportunities

Threats

Suitable for marginal conditions;

Fires; soil organic matter depletion. Forest
management is difficult when owners have small
parcels.
Extraction of bioactive compounds from leaves with
interesting pharmacological properties was only
validated in lab. A good collecting and sorting
system is needed to improve the amount to be
processed. Extraction and use of biobased
chemicals from wastewaters was also only
validated in lab.
Population is discontent with the large areas of
Eucalyptus in Portugal (giving preference to long
rotation trees);

Opportunities for new jobs and economic activity in
rural areas; ability to produce stocks for multiple
markets; Some bioactive compounds in the leaves
or bark show interesting pharmacological properties
(TRL 6). Wastewaters rich in unexploited added
value chemicals.
Multiple markets: pulp for paper; biomaterials
(panel industry); biobased chemicals.

Large environmental impacts derived from the pulp
for paper process;

Paper industry have to face the challenge of the
digital information industry;

Sustainable cropping strategies: Produced in a large scale. The rapid growth capacity of Eucalyptus and low
demands for agronomic inputs offer the possibility to produce large quantities of lignocellulosic biomass in
marginal or less productive soils. Eucalyptus production should follow proper soil management practices so
that soil fertility degradation is minimalized. However, the fall of leaves result in an allelopathy, and therefore
the soil cover is less rich in organic matter. At harvest bark is left on the soil which degrades only slowly and
limits growth of other plants than new eucalyptus.
Production and supply chain organization: The current production and supply chain for eucalyptus is pulp for
paper. Small and large producers have a good market to sell the lignocellulosic biomass. Yet, the pulp for
paper industry is characterized by large players that dominate the market price of the lignocellulosic biomass.
Those large players are also owners of large eucalyptus plantations.
Regulatory framework: Pulp for paper industry have to follow strict regulations on the wastewater discharge.
Forest management also have regulations, in order to avoid fires, which is more difficult to follow by small
producers.
Opportunities, terms and conditions for the cultivation: There is a diversified market potential. Alternative routes
for crop processing of interest include bioactive compounds from leaves (including essential oils); stems for
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solid biofuels (energy), biomaterials (panel industry), other chemicals. Pellets derived from Eucalyptus have
high energy and mechanical biomass properties suitable for industrial boiler uses and this end use is gaining
interest. Also the use of bioactive extracts from leaves is gaining interest in a biorefinery context. New
processes are being developed which are near-to-practice to make Eucalyptus based value chains more
sustainable and in order to enlarge market opportunities. These new processes are focused on valorizing the
waste residues (from solid waste and from wastewaters) to produce co-products. Crop suitable for marginal
conditions. Improving the sustainability of the pulp for paper process will open the range of market opportunites
(in the context of a bio and circular economy).
Role on the renaissance of rural areas: Eucalyptus is a source of income for farmers as main crop or as a crop
produced in marginal soils. Eucalyptus could create new added value for rural territories, such as new jobs
linked with logistics, storage, pre-processing and processing for new end-uses, such as new value chains
options linked with a biorefinery context.
Critical success factors defined in the context of biobased supply chains: fires; loss of biodiversity; soil nutrient
depletion; apart from the pulp for paper supply chain, the need for a scale up of lab and pilot studies, in order
to industrialize the added value products (e.g. extraction of bioactive compounds from solid waste and
wastewaters); the sustainability of the pulp for paper process; competition among different eucalyptus
biobased supply chains.
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A4.3

Lupin (Lupinus sp) as a source of bioactive compounds for the biobased
chemicals market and non-energy applications (cosmetics, medicinal) (PT)

Strengths

Weaknesses

Crop production established (TRL 9); Geoclimatically suitable for Portugal, where TRL is 7.
Harvesting is mechanized; Currently it is used for
food and feed. Minimal processing required (TRL 9
for food and feed, TRL 6 for e.g. lupine-based
fungicide)
Increasing demand crop from farmers because of
its nitrogen fixing capacity

Currently produced in small scale; there is limited
availability of seeds.
Post-harvest technologies are needed to avoid crop
loss.

Opportunities

Threats

Suitable for marginal conditions; expansion
potential is high
Opportunities for new jobs and economic activity in
rural areas; ability to produce stocks for multiple
markets; Some bioactive compounds show
interesting properties, e.g. production of a natural
lupine-based fungicide; inflammation and bowel
cancer prevention (TRL4).
Important source of protein and bioactive
compounds. Can substitute soya.

Uncontrolled pests and diseases.

The net profit margin for farmers is not high.

Extraction of bioactive compounds with interesting
properties was only validated in lab.

Current supply is not sufficient to support an
industrial supply chain.

Sustainable cropping strategies: It is not being produce on a large scale. There is a need for certified seeds
and improvements in crop management are still needed in order to obtain higher yields. Pests and diseases
need to be controlled through the application of herbicides and pesticides. This crop in rotation breaks the
cycles of cereal diseases and pests, prevents soil erosion and does not require nitrogen fertilization, fixing
nitrogen that is available for the next crop.
Production and supply chain organization: The current production and supply chain for lupin is related with the
use for food and feed, with minimal processing. Alternative routes for crop processing of interest include protein
and bioactive compounds. The use of bioactive compounds for pharmacological/medicinal/cosmetic and
biobased chemical markets is gaining interest.
Regulatory framework: For the moment there is no specific regulatory framework that supports the marketing
of bioactive compounds from lupin. Only the REACH legislation for chemical products. Its use in
medicinal/pharmacological/cosmetic products or other products will have to follow common procedures applied
to a novel product.
Opportunities, terms and conditions for the cultivation: Essential for profitable crop production is the availability
of proper seeds, harvesting equipment and diversified market potential. Lupin has shown some ecological
benefits: this crop in rotation breaks the cycles of cereal diseases and pests, prevents soil erosion and does
not require nitrogen fertilization, fixing nitrogen that is available for the next crop. Crop suitable for marginal
conditions.
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Role on the renaissance of rural areas: Lupin can be a source of new income for farmers as main crop or as
a crop produced in marginal soils. Lupin could create new added value for rural territories, such as new jobs
linked with logistics, storage, pre-processing and processing.
Critical success factors defined in the context of biobased supply chains: Currently produced in small scale;
current supply is not sufficient to support a biobased supply chain that will need a large amount of feedstock
or a multi industrial supply chain. The need for improvements on studies related with the bioactive compounds
and for a scale up of lab and pilot studies, in order to industrialize the added value products obtained.
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A4.4 Sunflower (Helianthus annuus) as a source of proteins that can be explored for
the extraction of chemicals with added value (PT)
Strengths

Weaknesses

Crop production established in large scale; Geoclimatically suitable for Portugal (TRL 9)

Improvements in crop management are needed to
obtain higher yields; there is a need for improved
varieties with higher water use efficiency.
Quality of seeds from marginal soils may not be the
best for biodiesel production.

Harvesting is mechanized; Currently it is used for
food and feed, with a technology already industrially
demonstrated (system complete and qualified)
(TRL 9). It can also be used for biodiesel
production, but the crop should be cultivated in
marginal soils (TRL 9)
Oil with good characteristics for biodiesel
production

Due to the food versus fuel dilemma, industrials
prefer importing colza, palm oil and soya for
biodiesel production

Opportunities

Threats

Suitable for marginal conditions; crop with a higher
water use efficiency than other oil crops (in the
conditions of the Mediterranean area)
Opportunities for new jobs and economic activity in
rural areas; ability to produce stocks for multiple
markets; cake from processed seeds is rich in
proteins that can be explored by the biobased
chemical industry. (TRL 6).
Multiple markets: food and feed (seeds);
biomaterials (stems); biodiesel; biobased
chemicals.

Climate change can affect yields

Extraction of compounds of interest from the cake
with interesting properties was only validated in lab
and pilot units.

Competition with food and feed industry. The cake
is mainly considered for feed.

Sustainable cropping strategies: Produced in a large scale. The long root system improves soil organic matter
and traps fertilizers/pollutants dispersion in soil. The low demands for agronomic inputs offer the possibility to
produce large quantities of biomass in marginal or less productive soils. It is also a crop with high water use
efficiency, a characteristic that is important in a country with low water resources such as Portugal.
Production and supply chain organization: The current production and supply chain for sunflower is for food
and feed. Small and large producers have a good market to sell the seeds. Yet, the food and feed market is
characterized by large players that dominate the market price of the seeds.
Regulatory framework: It’s use for the production of biodiesel has to follow the rules of EU market. For
biodiesel, land use change has to be taken into consideration and therefore the cultivation should be done in
marginal soils. The characteristics of the biodiesel have to follow the EU regulations. The use of sunflower
seeds in industrial applications, besides biofuels, would be regulated by REACH. That means that the products
would have to go through the REACH regulation.
Opportunities, terms and conditions for the cultivation: There is a diversified market potential. Alternative routes
for crop processing of interest include compounds from seed cake; stems for solid biofuels (energy),
biomaterials (panel industry). Crop suitable for marginal conditions. It is also a crop with high water use
efficiency, a characteristic that is important in a country with low water resources such as Portugal.
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Role on the renaissance of rural areas: Sunflower is a source of income for farmers as main crop for food and
feed. Sunflower could create new added value for rural territories, such as new jobs linked with logistics,
storage, pre-processing and processing for new end-uses, such as new value chains options linked with the
biobased chemicals market.
Critical success factors defined in the context of biobased supply chains: apart from the food and feed supply
chain, the need for a scale up of lab and pilot studies, in order to industrialize the added value products (e.g.
compounds from seed cake); competition with food and feed supply chain.
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A4.5

Rosemary (Salvia rosmarinus) essential oil and extracts for the biobased
chemicals market (e.g. polymer additives) (PT)

Strengths

Weaknesses

Crop production established, yet small scale (TRL
6)
Harvesting is semi-mechanized; Currently it is used
for food. Minimal processing required (TRL 9 for
food and feed, TRL 6 for e.g. polymer additive in
packaging materials)
Increasing interest by food industry as a “natural”
preservative

Currently produced in small scale; more knowledge
is needed in terms of crop management
Post-harvest technologies are needed to avoid crop
loss.

Opportunities

Threats

Expansion potential is high

Uncontrolled pests and diseases. Crop yields,
availability of mechanisation.
With the exception of its use by the food industry,
the use of the essential oil or of the bioactive
compounds extracted was only validated in lab and
pilot studies (e.g. as a polymer and biopolymer
additive).
Current supply is not sufficient to support an
industrial supply chain.

The net profit margin for farmers is not high.

Opportunities for new jobs and economic activity in
rural areas; Some bioactive compounds show
interesting properties, e.g. as a natural preservative
for processed meat; as a polymer and biopolymer
additive; for medicinal purposes (TRL 6).
Important source of bioactive compounds. Food
and Drug Administration and the European Union
approved rosemary essential oil as Generally
Recognized as Safe (GRAS) and as a food additive
(has received recognition as safe and effective
antioxidant for food preservation),
respectively.

Sustainable cropping strategies: It is not being produce on a large scale. Improvements in crop management
are still needed in order to obtain higher yields. Pests and diseases need to be controlled through the
application of herbicides and pesticides, and its biological production implies a higher labour effort.
Availability of propagation materials makes its production in large scale possible. The mechanisation of
cultivation and harvesting can improve the crop yield.
Production and supply chain organization: The current production and supply chain for rosemary is related
with the use for food, with minimal processing. Alternative routes for crop processing of interest include the
use of essential oil and extracts rich in bioactive compounds. The use of essential oil and bioactive
compounds for pharmacological/medicinal and biobased chemical markets is gaining interest.
Regulatory framework: Food and Drug Administration and the European Union approved rosemary essential
oil as Generally Recognized as Safe (GRAS) and as a food additive (has received recognition as safe and
effective antioxidant for food preservation), respectively. Besides this, the REACH legislation for chemical
products has to be applied. Its use in medicinal/ pharmacological products or other products will have to
follow common procedures applied to a novel product.
Opportunities, terms and conditions for the cultivation: Essential for profitable crop production is the
availability of proper seeds, harvesting equipment and diversified market potential. Rosemary essential oil
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and bioactive compounds have shown interesting antimicrobial and antioxidant properties for different
applications (including its use as a polymer additive).
Role on the renaissance of rural areas: Rosemary can be a source of new income for farmers as main crop.
Rosemary production could create new added value for rural territories, such as new jobs linked with
logistics, storage, pre-processing and processing. There are training programmes to encourage farmers to
grow specialty crops such as rosemary. As the production scale increases the production costs could
potentially be reduced.
Critical success factors defined in the context of biobased supply chains: Currently produced in small scale;
current supply is not sufficient to support a biobased supply chain that will need a large amount of feedstock.
There is a need for a scale up of lab and pilot studies, in order to industrialize the added value products
present in the essential oil or in other extracts rich in bioactive compounds.
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A5. Lithuania
A5.1 Hemp (Canabis sativa) fibre for short/textile fibre production in NW Europe (LT)
Strengths

Weaknesses

Crop production established, high yielding varieties
selected; can grow with limited use of fertilizer or
crop protection products; suits for organic farming
Processing
Established new fabric for fibre extraction for multipurpose use
Market. High demand for hemp products for various
outlets; eco-products; building and isolation
materials

Seeds are not produced locally and should be
purchased abroad; seeds are quite expensive

Opportunities

Threats

Fits in crop rotation plans; expansion potential is high

Hemp is grown under strict law control; some
requirements are excessive (to check every field for
THC) (this increases costs for growers)

Opportunities for new jobs and economic activity in
rural areas; development of new technology for
multipurpose use of hemp crop products
High demand for fashionable hemp textile products.
Coarser fibres, less suitable for textiles may find
outlet in composites, insulation, etc.

Costs of processing are high, labour intensive
processing in low wages countries; risk of
profitability
Small local market; competition with cotton, flax,
man-made fibre and synthetic fibres/yarns

Harvesting
requires
specialized
equipment;
Harvesting is still not enough mechanized; risk of
dew retting in fields; risk of fibre quality
Market. High costs of hemp products accordingly to
purchasing ability

Sustainable cropping strategies: Suitable varieties of fibre hemp (that have low THC <0.2%) are available for
cultivation on different soil types and climate conditions. Agronomic measures can be selected for the optimum
moment of harvest and best crop yields. The harvesting methods for high quality fibre (even for short fibre)
production require specialized machinery. Fibre quality is very dependent on (dew) retting process.
Production and supply chain organization: The industrial production and supply chain of hemp fibre is
established for fibre separation and use in textiles, nonwovens, paper, building and composite materials, and
biofuel production.89,90
The use of fibre hemp by-products (CBD, hurds, seeds) is gaining commercial interest world-wide and in
Lithuania also. Higher production of CBD will result in higher supply of hemp biomass, including fibre and
hurds.
Regulatory framework: Growing and processing of hemp and hemp products is regulated by law in EU and
special Lithuanian laws which are in modification process recently. The extraction of CBD and its use in novel
foods, cosmetics and medicine is forbidden in Lithuania, recently there are many discussions and events on
this topic.

89
90

https://www.sciencedirect.com/science/article/pii/S0961953412000657
https://www.sciencedirect.com/science/article/pii/S0960852417313135
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Opportunities, terms and conditions for the cultivation: Essential for profitable crop production are the
availability of proper seeds, smart laws for industrial hemp growing, harvesting equipment and diversified
market potential. Hemp can be greening crop in rotations.
Role on the renaissance of rural areas: Growing of fibre hemp fits in the rotation schemes of arable farming
on many soil types and climate conditions, thus increasing crop selection for farmers. Beneficial will be the
creation of new jobs in rural areas for harvesting and logistics (local storage, transportation), pre-processing
(leaves extraction) and processing of hemp fibre to textile/non-textile fibre feedstock.
Critical success factors defined in the context of bio-based supply chains: Multi-purpose crop production and
diversified market development for hemp fibre and hemp by-products.
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A5.2 Rapeseed (high erucic) for biofuel production in NW Europe (LT)
Strengths

Weaknesses

Crop production established; high yielding varieties
selected; growing technologies introduced. Growing
peculiarities are being investigated, and the advises
to solve crop grooving problems can be done by
local researches
Harvesting could be done by regular cereals’
combines; logistics and processing industry for oil
extraction are available
Market. There are bo-diesel production companies
which require large amount of rapeseed.

Cannot be grown without insecticides which are
dangerous for bees
Low availability of crop protection products

Opportunities

Threats

Soils and climate are suitable for rapeseed growing

In hard winters cannot survive and die.
New crop protection technologies needed for spring
varieties as they start flowering at the intensive flying
of bees and in most countries spread of chemicals is
denied at that time.
Climate change issues – difficult to harvest as the
rainy season comes at the harvest time
Market. High competition in use of regular fuel and
biofuel

Processing
Large amount of biofuel can be produced
Market. Growing demand for biodiesel as
transportation fuel; substitution potential for diesel
and chemical products.

Processing difficult to harvest in wet weather
conditions
Market. Few bio-diesel production factories
Biodiesel is used only for blending

Sustainable cropping strategies: Suitable varieties of rapeseed are available for cultivation Agronomic
measures known for the optimum moment of harvest and best crop yields. Local processing industry for oil
extraction is available.
Production and supply chain organization: Rapeseed is known for many years and well grown in Lithuania.
The establishment of bio-diesel production factory made this crop more interest for farmers as the demand
increased.
Regulatory framework: the main regulation is for the use of chemicals in cropping system. There are limited
days when chemicals can be spread to protect the crops. That makes the growing of rapeseed more difficult.
Opportunities, terms and conditions for the cultivation: Crop can be grown; growing technologies introduced.
Role on the renaissance of rural areas: farmers have a profitable crop. Beneficial will be the creation of new
jobs in rural areas.
Critical success factors defined in the context of bio-based supply chains: The increased use of biodiesel.
Application of new growing technologies (including new rape seed varieties, sowing time) for higher yield and
lower need of chemicals (crop protection).
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A5.3 Triticale (Triticosecale sp) for bioethanol production in NW Europe (LT)
Strengths

Weaknesses

Crop production established, high quality and high
yielding varieties selected; do not require very rich
soils
Harvesting is mechanized and well known;
Market. The bio-ethanol is used for blending

Not very common among growers

Opportunities

Threats

Fits in crop rotation plans;
The crop protection against insects and diseases is
well known
High yielding
Crop quality is suitable for bioethanol production

Competition with triticale grown for fodder purposes

Increasing demand of “green” bioethanol

Low profitability without subsidies

High transportation costs
High amounts of residues which has to be utilized

High processing costs

Sustainable cropping strategies: Suitable varieties could be selected. Growing technologies do not differ so
much from other cereals; thus, the same equipment can be applied.
Production and supply chain organization: Most of triticale used for bioethanol production in Lithuania is grown
in our country. The total area of triticale in 2019 was about 96,000 ha and the total production reached 3.35
Mt.91 The consumption of triticale in industry sector increased from 46,000 ton in 2014 up to 56,700 ton in 2018
(the highest consumption was reached in 2016 – 71,000 ton). The farmers have the possibility to sell grains
and buy the organic fertilizers from the producers.
Regulatory framework: there is no specific regulatory framework for the crop production or processing as it is
regular crop and be grown and processed without any specific issues.
Opportunities, terms and conditions for the cultivation: Essential for profitable crop production are the
availability of proper seeds, harvesting equipment and market potential.
Role on the renaissance of rural areas: Growing of Triticale for bioethanol production fits in the rotation
schemes of arable farming on many soil types and climate conditions, thus increasing crop selection for
farmers. Beneficial will be the creation of new jobs in rural areas.
Critical success factors defined in the context of bio-based supply chains: The most important is to increase
the use of bioethanol in transport. Farmers are ready to grow those crops, but lower market opportunities and
low bioethanol production rate is limiting factor.

91

https://osp.stat.gov.lt/statistiniu-rodikliu-analize#/
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A5.4 Poplar for energy production in NW Europe (LT)
Strengths

Weaknesses

Crop production was tested; poplar selection
material
and
biotechnological
multiplication
possibilities have been investigated in Lithuania.
Rapid growing, high biomass yields
Processing industry (producing biofuels) is
developing

Takes time (few years) to get yields

Market. High demand for energy purposes as
biofuels for heating

Harvesting requires specialized equipment; (poplar
is grown in agricultural lands and usually farmers,
not foresters plant those crops and they do not have
special equipment which could be used for
harvesting).
Market. Competing to other biofuels; still very
expensive

Opportunities

Threats

High amounts of biomass for energy purposes could
be produced as climatical conditions are suitable;
possibility to use less fertile soils
Processing
Opportunities for new jobs and economic activity in
rural areas;
Market. High demand for energy purposes as
biofuels for heating

Competition with other sources of energy

Costs of processing are still high

Market. Products (biomass) are still expensive
compared to natural gas or other fossil fuels.

Sustainable cropping strategies: Poplar is grown in the areas which has limited profitability for other agricultural
crops. The crop can be grown for few years in the same place and is mainly used for the cleaning of the soil
in marginal lands. Crops can be fertilized with different organic fertilizers, such as digestate or others.
Production and supply chain organization: the perennial crops can be grown in one place for few years and
be harvested using the specific harvesters. The mainly use of such crops at the moment is bioenergy
generation.
Regulatory framework: The main regulation at the moment is not to grow poplar or willow on high quality soils
which can be used for the other agricultural crops. It is also forbidden to grow them on the drained soils avoiding
to damage the draining systems.
Opportunities, terms and conditions for the cultivation: the crop grows very well in cool climate conditions, new
varieties, developed in Northern countries are high yielding and suitable for bioenergy generation. These short
rotation trees do not require much fertilization.
Role on the renaissance of rural areas: new possibilities for people to have work positions, but the main
question is the change of landscape which is not very popular within the societies.
Critical success factors defined in the context of bio-based supply chains: Difficult system for the legislation of
the use of waste-water treatment sludge for crops fertilization (replacement of the use of mineral fertilizers), in
some countries or regions low demand of poplar biomass.
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A5.5 Willow (Salix sp) for energy production in NW Europe (LT)
Strengths

Weaknesses

Crop production was investigated and tested in
Lithuania.
Rapid growing, high biomass yields
Processing industry (producing biofuels) is
developing
Market. High demand for energy purposes as
biofuels for heating

Takes time (few years) to get yields

Opportunities

Threats

High amounts of biomass for energy purposes could
be produced as climatic conditions are suitable;
possibility to use less fertile soils
Processing
Opportunities for new jobs and economic activity in
rural areas;
Market. High demand for energy purposes as
biofuels for heating

Competition with other sources of energy

Harvesting requires specialized equipment;
Market. Competing to other biofuels; still very
expensive

Costs of processing are still high

Market. Products are still expensive

The same as for poplar (A5.4).
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A6. Poland
A6.1 Camelina (Camelina sativa) oil production for oleochemical industry (PL)
Strengths

Weaknesses

well-known crop cultivated in Poland since the
Bronze Age; it is resistant to drought, low
temperatures and most pests; it has low nutritional
requirements
due to the short growing season, it could be sown
from the beginning of April to end of May
winter and spring varieties are available in the
market, making camelina suitable for different
weather and climate conditions
typical agricultural equipment (like for cereals and
rapeseed) may be used for cultivation and
harvesting, without modification

although camelina cultivation has been known for a
long time, nowadays it is cultivated on a small scale,
for example, on small or organic farms
seed yield decreases as sowing date is delayed,
sowing in May is not recommended
lower seed and oil yield in comparison with typically
cultivated in Poland rapeseed; higher uncertainty
concerning yields
seeds need additional cleaning, at some instances,
with the utilisation of expensive optical sorters

Opportunities

Threats

fits in rotation plans especially on weaker and
marginal soils

farmers prefer to cultivate well-known typical crops,
e.g. rapeseed and mustard, that have wellestablished cultivation technology and are
recommended for crop rotation schemes in Poland

high content of gondoic fatty acid (approx. 12-15%
d.m.) makes this crop interesting for oleochemical
industry
due to the fact that camelina oil is edible and
contains essential fatty acids, it is easier to
encourage farmers to grow it; there is a wide market
for the production of healthy oils
high seed protein content and its composition allow
the use of camelina cake or meal for feed purposes

competition of cheaper oils, e.g., palm and palm
kernel oils
low consumer awareness about camelina oil; small
market and high competition with other crops:
rapeseed, flax, hemp, nigella, or evening-primrose
(Oenothera biennis)
high competition of rapeseed meal and cheap soy
fodders on the market

Sustainable cropping strategies
Camelina is an undemanding plant when it comes to soil requirements. It delivers reasonable yields on lower
quality soils that are also suitable for growing less demanding cereals, e.g., rye. Camelina is usually grown
after cereals, especially after: rye, triticale or oats. This species is a good forecrop for winter cereals and is
able to break the cycle of typical diseases affecting cereal crops such as Fusarium spp. Moreover, the camelina
is characterized by high frost resistance and good drought resistance. The cultivation and harvesting of
camelina are carried out with typical agricultural equipment.
Production and supply chain organization
In Poland, there is no large scale production of camelina for industrial purposes. There is also no reliable data
regarding the area of its cultivation. It can be estimated that the crop is cultivated on the area no higher than
1-2 thousand hectares. However, in this case, camelina is grown for food, not for industrial purposes. Small
and organic farms specialise in it. Often the oil is pressed and bottled on the farm and then forwarded to further
sales.
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Regulatory framework
There are no special regulations regarding the cultivation of camelina in Poland. The same rules apply to other
oil crops. A farmer receives direct payments regulated by, e.g., Regulation (EU) No 1306/2013 of the European
Parliament and of the Council of 17 December 2013 on the financing, management and monitoring of the
common agricultural policy; Polish Act of 5 February 2015 on payments under direct support schemes (Ustawa
z dnia 5 lutego 2015 r. o płatnościach w ramach systemów wsparcia bezpośredniego; Dz. U. z 2018 r. poz.
1312).
Opportunities, terms and conditions for the cultivation
Camelina can be an alternative to rapeseed, especially on lower quality and marginal soils. The crop could be
cultivated on a large scale by farmers if seed was contracted by biofuel or bio-based industry.
Role on the renaissance of rural areas
Camelina fits well into the strategy of the Bioeconomy of the European Union and Poland. There is an
opportunity to grow it, especially due to the fact that the crop matches typical crop rotation schemes applied
by farmers. In addition camelina, as a “species of poor soils”, can be cultivated on land underutilised by
farmers, which in Poland is about 2 million hectares. Therefore, its cultivation gives the opportunity for
additional income in the agriculture and biomass logistics sector.
Critical success factors defined in the context of bio-based supply chains
Camelina is currently cultivated on a small scale for food purposes, but a stable and large bioindustry and
biofuels market is essential to guarantee satisfactory seed prices, competitive to rapeseed or other oil crops
(e.g., flax, mustard, etc.). It is also important to control seed and oil import from Ukraine, where the production
is cheaper than in both Poland and the whole European Union.
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A6.2 Poplar biomass production for energy and industry purposes (PL)
Strengths

Weaknesses

well-known low input perennial crop cultivated in
Poland; it is a native plant well adapted to climatic
conditions
it can be grown on soils that are less suitable for food
production; biomass yields (up to 10 t/ha/year d.m.)
on soils rich with water and nutrients
there is a large number of varieties and clones
recommended for growing in short (3, 4-year)
rotations cycles for energy and in longer cycles (815 years) for industrial purposes, e.g. cellulose
production
site preparation and soil cultivation are carried out
once every 20-25 years

young plants of some clones and varieties can be
heavily damaged by pests, e.g. Chrysomela populi,
by deer and elk, which tear bark from older trees

Opportunities

Threats

high biomass yields for energy generation can be
obtained after the first 3-4 year long rotation cycle
low input production, on weaker soils, less suitable
for food purposes; low demand for fertilisation and
protection measures compared with annual plants
harvesting, fertilising, plant protection, etc. carried
out once every 3-4 years or even 8-15 years,
depending on rotation cycle
high content of cellulose and hemicellulose makes
biomass a good feedstock for the chemical industry
and biofuel production

the crop cultivation area is still small, which means
that special harvesting machines are not available
the profitability of production is significantly reduced
on weaker soils; it is necessary to evaluate other
benefits, e.g. environmental
The first revenues after 3-4 years or even 8-15 years
from the plantation establishment – a long payback
period
little-known and expensive technology for the
production of second-generation biofuels and high
competition of the first-generation biofuels.

on lower quality soils (especially the sandy ones),
yields much lower (approx. 5 t/ha/year d.m.)
it’s difficult to choose the optimal variety or clone for
cultivation from the large diversity in terms of yield
and susceptibility to diseases or pests (many
varieties/clones of foreign origin)
high weed infestation of plantations, particularly
during the first two years of cultivation

Sustainable cropping strategies
Poplar plantations should be established mainly on low-quality marginal or contaminated soils that are less
useful or not suitable for growing food or feed crops. Before establishing large plantations, their proper spatial
distribution in a given area should be taken into account. Plants can be 10-15 m tall, therefore, if possible,
rows, inter-rows and buffer strips should be properly planned. The commercial use of the plantation is, on
average, 20-25 years. Plantation lifespan is determined by genetic (varieties/clones), environmental, biological
as well as agrotechnical factors, mainly, however, by harvest cycle.
Production and supply chain organization
The area of poplar cultivation in Poland is approx. 7,500 ha. Plants are harvested mainly in 3-4- or 8-year
harvest cycles. Harvesting begins after vegetation stops and the leaves fall off from the shoots. Harvesting
can take place util the new growing season begins. Plants should be cut at a height of 10-20 cm above the
soil surface. Biomass in 3-4 year rotation cycle can be obtained in a one- or two-stage technology. A onestage harvesting can be carried out using tractor-drawn forage harvester or using self-propelled forage
harvester with a modified cutting device (header). These machines cut shoots, chip them and load on tractor
trailers. The chips moisture content is up to 60%. Biomass in longer rotation cycles is obtained using
specialised harvesters that separate the main shoot from the side branches.
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Regulatory framework
There are no special regulations regarding the cultivation of poplar in Poland. A farmer receives direct
payments regulated by e.g. Regulation (EU) No 1306/2013 of the European Parliament and of the Council of
17 December 2013 on the financing, management and monitoring of the common agricultural policy; Council
Regulation (EC) No 1257/1999 of 17 May 1999 on support for rural development from the European
Agricultural Guidance and Guarantee Fund (EAGGF)(…); Act of 20 February 2015 on supporting rural
development with the participation of the European Agricultural Fund for Rural Development under the Rural
Development Program for 2014-2020 (Ustawa z dnia 20 lutego 2015 r. o wspieraniu rozwoju obszarów
wiejskich z udziałem środków Europejskiego Funduszu Rolnego na rzecz Rozwoju Obszarów Wiejskich w
ramach Programu Rozwoju Obszarów Wiejskich na lata 2014-2020); Act of 5 February 2015 on payments
under direct support schemes (Ustawa z dnia 5 lutego 2015 r. o płatnościach w ramach systemów wsparcia
bezpośredniego; Dz. U. z 2018 r. poz. 1312).
Pursuant to the abovementioned regulations, poplar cultivation receives the following payments: (i) single area
payment, (ii) greening payment (iii) additional payment, (iv) unfavorable farming conditions payment, if the
plantation is located in a less-favored area.
Renewable Energy Sources (RES) Act of 20 February 2015 with the latest changes on 7 June 2018, applies
to the use of biomass for electricity generation. The RES Act maintains certificates of origin system for existing
installations of renewable energy sources that started generating electricity before 1 July 2016 (Existing
Installations), albeit with some changes in relation to the current rules. For new RES installations, i.e.
installations that started generating electricity on or after 1 July 2016 (New Installations), the RES Act
introduced an auction system.
Opportunities, terms and conditions for the cultivation
The production of poplar biomass for energy purposes in short 3-4 year rotation cycles (SRWC – short-rotation
woody crops) and longer 8-15 year cycles (SRF – short-rotation forestry) is still in development in many
European countries as well as in the US and Canada. For energy and paper industries, the biomass obtained
is an alternative and supplemental source to wood from forests. Such plantations should be established on
marginal lands, especially on farms that are not involved in animal production.
Role on the renaissance of rural areas
Poplar fits well into the strategy of the Bioeconomy of the European Union and Poland. There is an opportunity
to grow it, especially due to the fact that the crop can be cultivated on underutilised land, which in Poland is
about 2 million hectares. Therefore, poplar cultivation gives the opportunity for additional income in the
agriculture and biomass logistics sector.
Critical success factors defined in the context of bio-based supply chains
Compared with annual plants, poplar is currently cultivated on a small scale. Yet, obtained lignocellulosic
biomass can be of significant value to energy and paper industries. A necessary condition for the development
of this type of production is to appreciate the economic value of the biomass and both environmental and social
benefits that this type of production provides. It is also important to control biomass import from other regions,
namely Africa, South America, Ukraine and Belarus, where biomass production is comparatively cheaper.
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A6.3 Miscanthus biomass production for energy purposes (PL)
Strengths

Weaknesses

miscanthus is a thermophilic plant with C4
photosynthesis mechanism that manages water
efficiently and is resistant to periodic rainfall
deficiencies

the plants (rhizomes) are susceptible to frost,
especially during the first cold winter with a small
snow cover; spring frost can damage Miscanthus
plants, which slows down their growth and
development but does necessarily kill all plant

it can be grown on soils that are less suitable for food
production; biomass yields (up to 20 t/ha/year d.m.)
on soils rich with water and nutrients
low fertiliser and plant protection requirements; a
small number of diseases and pests infest this crop
site preparation and soil cultivation is carried out
once every 10-15 years
Opportunities

on lower quality soils (especially the sandy ones),
yields much lower (approx. 5 t/ha/year d.m.)
in Poland, low genetic diversity, no registered
varieties, high silica content in ash
high weed infestation of plantations, especially
during the first three years of cultivation
Threats

high biomass yields but not earlier than after the third
and fourth year of crop cultivation
low input production, on weaker soils, less suitable
for food purposes; low demand for fertilisation and
protection measures compared with annual plants
the same machinery for harvesting and logistics of
miscanthus biomass as for cereal straw can be used
high content of cellulose and hemicellulose makes
biomass a good feedstock for the chemical industry
and biofuel production

the crop cultivation area is still small, which means
that there is little domestic planting material, and
imported ones are expensive; the cost of
establishing plantations is very high
the profitability of production is significantly reduced
on weaker soils; it is necessary to evaluate other
benefits, e.g., environmental
the first revenues after 3-4 years from the plantation
establishment – a long payback period
little-known and expensive technology for the
production of second-generation biofuels and high
competition of the first-generation biofuels

Sustainable cropping strategies
Miscanthus plantations should be established mainly on low-quality marginal or contaminated soils that are
less useful or not suitable for growing food or feed crops. Miscanthus works well in undulating areas, where
the extensive root system effectively protects the soil from erosion. It should also be noted that miscanthus
plants are harvested annually, in winter or early spring. It is very important that one can enter a given plantation
with heavy equipment to acquire biomass. Therefore, plantation should not be set up on excessively moist
soils, as this may limit the harvesting window. The commercial use of the plantation is, on average, 10-15
years.
Production and supply chain organization
The area of miscanthus cultivation in Poland was approx. 2,000 ha, however, due to the lack of profitability of
its production for energy purposes, many plantations were closed down and currently around several hundred
ha are still in cultivation. Plants are harvested annually after vegetation stops, usually in early spring. Plants
should be cut at 15 cm above the soil surface. Biomass can be obtained in one or two stages. A one-stage
harvest, which gives biomass in the form of chips, can be carried out using tractor-drawn forage harvester or
self-propelled forage harvester, the same as for maize harvesting. These machines cut shoots, chip them and
load on tractor trailers. The chips moisture content is around 20-30%. In two-stage technology, plants are
mowed, left in swaths, and then biomass is baled in the same way as, e.g., cereal straw.

107

Regulatory framework
There are no special regulations regarding the cultivation of miscanthus in Poland. A farmer receives direct
payments regulated by e.g. Regulation (EU) No 1306/2013 of the European Parliament and of the Council of
17 December 2013 on the financing, management and monitoring of the common agricultural policy; Council
Regulation (EC) No 1257/1999 of 17 May 1999 on support for rural development from the European
Agricultural Guidance and Guarantee Fund (EAGGF)(…); Act of 20 February 2015 on supporting rural
development with the participation of the European Agricultural Fund for Rural Development under the Rural
Development Program for 2014-2020 (Ustawa z dnia 20 lutego 2015 r. o wspieraniu rozwoju obszarów
wiejskich z udziałem środków Europejskiego Funduszu Rolnego na rzecz Rozwoju Obszarów Wiejskich w
ramach Programu Rozwoju Obszarów Wiejskich na lata 2014-2020); Act of 5 February 2015 on payments
under direct support schemes (Ustawa z dnia 5 lutego 2015 r. o płatnościach w ramach systemów wsparcia
bezpośredniego; Dz. U. z 2018 r. poz. 1312).
Pursuant to the abovementioned regulations, miscanthus cultivation receives the following payments: (i) single
area payment, (ii) greening payment (iii) additional payment, (iv) unfavourable farming conditions payment, if
the plantation is located in a less-favoured area.
Renewable Energy Sources (RES) Act of 20 February 2015 with the latest changes on 7 June 2018 applies
to the use of biomass for electricity generation. The RES Act maintains certificates of origin system for existing
installations of renewable energy sources that started generating electricity before 1 July 2016 (Existing
Installations), albeit with some changes in relation to the current rules. For new RES installations, i.e.
installations that started generating electricity on or after 1 July 2016 (New Installations), the RES Act
introduced an auction system.
Opportunities, terms and conditions for the cultivation
The production of miscanthus biomass for energy purposes is still in development in many European countries
as well as in the USA. For energy industry, the biomass obtained is an alternative and supplemental source to
cereal straw from forests. Such plantations should be established on marginal lands, especially on farms that
are not involved in animal production.
Role on the renaissance of rural areas
Miscanthus fits well into the strategy of the Bioeconomy of the European Union and Poland. There is an
opportunity to grow it, especially due to the fact that the crop can be cultivated on underutilised land, which in
Poland is about 2 million hectares. Therefore, miscanthus cultivation gives the opportunity for additional
income in the agriculture and biomass logistics sector.
Critical success factors defined in the context of bio-based supply chains
Compared with annual plants, miscanthus is currently cultivated on a very small scale. Yet, obtained
lignocellulosic biomass can be of significant value to energy and paper industries. A necessary condition for
the development of this type of production is to appreciate the economic value of this biomass and the
environmental and social benefits that this type of production provides. It is also important to control biomass
import from other regions, namely Africa, South America, Ukraine and Belarus, where different types of
biomass production is comparatively cheaper.
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A6.4 Crambe (Crambe maritima) oil production for oleochemical industry (PL)
Strengths

Weaknesses

spring crop that fits into typical crop rotation
schemes in Poland with commercial seed yield up to
2.0 tonnes per hectare

“new” and unknown in Poland; lack of cultivation
technology know-how

drought-resistant
typical non-edible, industrial crop with a high content
of erucic acid
typical agricultural equipment (like for cereals and
rapeseed) may be used for cultivation and
harvesting, without modification

susceptible to frost, especially in climate conditions
of the North and East of Poland
lower seed and oil yield in comparison with typically
cultivated in Poland rapeseed; higher uncertainty
concerning yields
seeds (fruits) harvest and handling should be
performed with care due to shattering and cracking
of fruit hulls

low nutritional requirement crop that can be
cultivated on lower quality or marginal soils

susceptible to diseases typical for other
Brassicaceae: Sclerotinia stem rot (Sclerotinia
sclerotinium) and black spot (Alternaria spp.)

Opportunities

Threats

fits in rotation plans especially on weaker and
marginal soils; due to the fact that this is non-edible
crop it can be cultivated on contaminated land as
well
very high content of erucic acid in seed
oil (> 54%) makes this crop interesting for
oleochemical industry; crambe do not cross-pollinate
with low-erucic acid rapeseed
since it is a typical non-edible crop, it is easier to
justify its cultivation for industrial and biofuel
purposes than oil crops cultivated for food (e.g.,
rapeseed, sunflower)

farmers prefer to cultivate well-known typical crops,
e.g. rapeseed and mustard, that have wellestablished cultivation technology and are
recommended for crop rotation schemes in Poland
competition from the high-erucic rapeseed that gives
higher yields and has well-established cultivation
protocol; seeds require dehulling before oil pressing
high content of glucosinolates and erucic acid limits
the use of crambe meal and cake as feed

Sustainable cropping strategies
Crambe is an undemanding plant when it comes to soil requirements and delivers reasonable yields on lower
quality soils that are also suitable for growing less demanding cereals, e.g., rye. It can be grown after cereals,
especially after: rye, triticale or oats. This species is a good forecrop for winter cereals and is able to break the
cycle of typical diseases affecting cereal crops such as Fusarium spp. Crambe cultivation and harvesting is
carried out with typical available agricultural equipment.
Production and supply chain organization
Presently there is no crambe cultivation in Poland, or an area is unknown.
Regulatory framework
There are no special regulations regarding the cultivation of crambe in Poland. The same rules apply to other
oil crops. A farmer receives direct payments regulated by e.g. Regulation (EU) No 1306/2013 of the European
Parliament and of the Council of 17 December 2013 on the financing, management and monitoring of the
common agricultural policy; Polish Act of 5 February 2015 on payments under direct support schemes (Ustawa
z dnia 5 lutego 2015 r. o płatnościach w ramach systemów wsparcia bezpośredniego; Dz. U. z 2018 r. poz.
1312).
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Opportunities, terms and conditions for the cultivation
Crambe can be an alternative to rapeseed, especially on lower quality, contaminated and marginal soils. The
crop could be cultivated on a large scale by farmers if the seed was contracted by biofuel or bio-based industry.
Moreover, a small amount of oil production could go to green cosmetics manufacturers.
Role on the renaissance of rural areas
There is an opportunity to grow crambe, especially due to the fact that the crop matches typical crop rotation
schemes applied by farmers. In addition crambe, as typical non-edible crop, can be cultivated on contaminated
and underutilised land, which in Poland constitutes approx. 2 million hectares. Moreover, crambe oil is used in
small “green and organic” beauty industry directly or as a cosmetic ingredient. Therefore, the crop could be
cultivated not only on a large scale, for industrial purposes (lubricants, biofuels), but it could also engage small
and organic farmers, for whom such production would give an additional profit.
Critical success factors defined in the context of bio-based supply chains
Stable and large bioindustry and biofuels market is essential to guarantee satisfactory seed prices, competitive
to other oil crops (e.g., rapeseed, flax, mustard, etc.). Since this crop is not cultivated in Poland, its introduction
to the market would require stakeholder training, organization of the market and new logistic chains from farm
to bioproduct manufacturer.
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A6.5 Willow (Salix sp) biomass production for energy purposes (PL)
Strengths

Weaknesses

well-known low input perennial crop cultivated in
Poland; a native plant well adapted to climatic
conditions
it can be grown on soils that are less suitable for food
production, including that with a high water table;
biomass yields (up to 15 t/ha/year d.m.) on soils rich
with water and nutrients
there is a large number of varieties and clones;
Polish varieties available (Ekotur, Żubr) and
recommended for growing in short (3, 4-year)
rotations cycles for energy
site preparation and soil cultivation are carried out
once every 20-25 years.

some clones and varieties can be infested by
Melempsora Sp. and damaged by pests
on lower-quality soils (especially the sandy ones),
yields much lower (approx. 5 t/ha/year d.m.)
it’s difficult to choose the right variety or clone for
cultivation from the large diversity in terms of yield
and susceptibility to diseases or pests
high weed infestation of plantations, especially
during the first two years of cultivation

Opportunities

Threats

high biomass yields for energy generation can be
obtained after the first triennial rotation cycle
low input production, on weaker soils, less suitable
for food purposes; low demand for fertilisation and
protection measures compared with annual plants
harvesting, fertilising, plant protection, etc. carried
out once every 3-4 years, depending on rotation
cycle
the high content of cellulose and hemicellulose
makes biomass a good feedstock for the chemical
industry and biofuel production

the crop cultivation area is still small, which means
that special harvesting machines are not available
the profitability of production is significantly reduced
on weaker soils; it is necessary to evaluate other
benefits, e.g. environmental
the first revenues after 3-4 years from the plantation
establishment – a long payback period
little-known and expensive technology for the
production of second-generation biofuels and high
competition of the first-generation biofuels

Sustainable cropping strategies
Willow plantations should be established mainly on low-quality marginal (too dry, too wet or with unfavourable
location) or contaminated soils that are less useful or not suitable for growing food or feed crops. Before
establishing large plantations, their proper spatial distribution in a given area should be taken into account.
Plants can be more than 10 m tall, therefore, if possible, rows, inter-rows, buffer strips technological ways
should be properly planned. This will allow mechanization of processes such as planting, fertilization, plant
protection and harvesting. The commercial use of the plantation is, on average, 20-25 years up to 30 years.
Plantation lifespan is determined by genetic (varieties/clones), environmental, biological as well as
agrotechnical factors, but mainly by harvest cycle.
Production and supply chain organization
The area of willow cultivation in Poland is approx. 8,000 ha. Plants are harvested mainly in the triennial harvest
cycle. Harvesting begins after vegetation stops and the leaves fall off from the shoots. Harvesting can take
place util the new growing season begins. Plants should be cut at a height of 5-10 cm above the soil surface.
Biomass can be obtained in a one- or two-stage technology. A one-stage harvesting can be carried out using
tractor-drawn forage harvester or using self-propelled forage harvester with a modified cutting device (header).
These machines cut shoots, chip them and load on tractor trailers. The chips moisture content is around 50%.
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Regulatory framework
There are no special regulations regarding the cultivation of willow in Poland. A farmer receives direct
payments regulated by e.g. Regulation (EU) No 1306/2013 of the European Parliament and of the Council of
17 December 2013 on the financing, management and monitoring of the common agricultural policy; Council
Regulation (EC) No 1257/1999 of 17 May 1999 on support for rural development from the European
Agricultural Guidance and Guarantee Fund (EAGGF)(…); Act of 20 February 2015 on supporting rural
development with the participation of the European Agricultural Fund for Rural Development under the Rural
Development Program for 2014-2020 (Ustawa z dnia 20 lutego 2015 r. o wspieraniu rozwoju obszarów
wiejskich z udziałem środków Europejskiego Funduszu Rolnego na rzecz Rozwoju Obszarów Wiejskich w
ramach Programu Rozwoju Obszarów Wiejskich na lata 2014-2020); Act of 5 February 2015 on payments
under direct support schemes (Ustawa z dnia 5 lutego 2015 r. o płatnościach w ramach systemów wsparcia
bezpośredniego; Dz. U. z 2018 r. poz. 1312).
Pursuant to the abovementioned regulations, willow cultivation receives the following payments: (i) single area
payment, (ii) greening payment (iii) additional payment, (iv) unfavorable farming conditions payment if the
plantation is located in a less-favored area.
Renewable Energy Sources (RES) Act of 20 February 2015, with the latest changes on 7 June 2018, applies
to the use of biomass for electricity generation. The RES Act maintains certificates of origin system for existing
installations of renewable energy sources that started generating electricity before 1 July 2016 (Existing
Installations), albeit with some changes in relation to the current rules. For new RES installations, i.e.
installations that started generating electricity on or after 1 July 2016 (New Installations), the RES Act
introduced an auction system.
Opportunities, terms and conditions for the cultivation
The production of willow biomass for energy purposes in short 3-4 year rotation cycles (SRWC – short-rotation
woody crops) is still in development in many European countries as well as in the US and Canada. For energy
and paper industries, the biomass obtained can be an alternative and supplemental source to wood from
forests . Such plantations should be established on marginal lands, especially on farms that are not involved
in animal production.
Role on the renaissance of rural areas
Willow fits well into the strategy of the Bioeconomy of the European Union and Poland. There is an opportunity
to grow it, especially due to the fact that the crop can be cultivated on underutilised land, which in Poland
consists of about 2 million hectares. Therefore, willow cultivation gives the opportunity for additional income in
agriculture and biomass logistics sector.
Critical success factors defined in the context of bio-based supply chains
Compared with annual plants, willow is currently cultivated on a small scale. Yet, obtained lignocellulosic
biomass can be of significant value to energy and paper industries. A necessary condition for the development
of this type of production is to appreciate the economic value of the biomass and both environmental and social
benefits that this type of production provides. It is also important to control biomass import from other regions,
namely Africa, South America, Ukraine and Belarus where biomass production is comparatively cheaper.
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A7. Spain
A7.1 Camelina for vegetable oils for industrial use (ES)
Strengths
-

-

The emergence of the crop is easier than
in the case of rapeseed, providing a better
initial implantation.
The cost of seed production is lower than
in rapeseed.
Production costs are lower than in the
case of rapeseed.
It does not have special problems of pests
and diseases.
Oil extraction is simple as in other
oilseeds.
The industrial uses of the oil are varied,
opening several markets.
Trade is guaranteed through a company,
Camelina Compañy

Opportunities
-

Weaknesses
-

Tendency to lodging in the final phase of the
crop cycle, which makes it difficult to collect.
Productive potential below rapeseed which
limits the areas of use to semi-arid drylands.
The authorized phytosanitary products are
smaller than in the case of rapeseed.

-

The industrial uses of these oils are in
development, but not fully established.

-

A single company operates in the market.

Threats

The need to have an alternative oilseed
crop for semi-arid drylands.
Biorefineries that use industrial oils can
also use camelina oil.
Development of specialized chemical
industries that use camelina oil or its
components as raw material.

-

The biggest threat of the crop is the sensitivity
to lodging.
The competition with rapeseed. Need to value
specific fatty acids.
Lack of critical mass for significant industrial
developments.

Sustainable cropping strategies:
The cultivation of camelina can be compared with the cultivation of rapeseed, as both respond to a need for
farmers to diversify their crops, improve their rotation, introducing crops other than cereals.
Camelina is more appropriate for semi-arid drylands with low productive potential. In these conditions it is a
rustic crop, of low inputs, with an easy emergence when is sown in October, closer to the autumn rains.
As an alternative crop it is very favorable, improving significantly the harvests of the following two cereals and
contributing to break the cycles of the development of pests and diseases of cereals.
-

The sowing is done in October with seed doses of 2-4 kg / ha, with a lower cost than in the case of
rapeseed.
Fertilization is not very demanding, especially when grown in semi-arid drylands of low potential, it is
enough contributions of 80-100 KgN / ha.
The use of antigramines is necessary. The crop competes well with weeds when we get a uniform
emergence.
It is not necessary to control pests and diseases that generally do not produce significant losses.
The harvesting is done early in the morning, when there is humidity to prevent the loss of grains, with
the usual cereal machinery. It is convenient to adjust the containers and trailers to avoid grain losses
during transport.
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Production and supply chain organization:
The productive roof of the crop is not high, 2.5-3 t / ha, so it is recommended to use it in semi-arid drylands
where it can be more competitive.
A specialized company, Camelina Company, guarantees the supply of seeds, offers guidance regarding the
rest of the inputs and guarantees the purchase of the final production. Therefore, there are no problems in
supplying the necessary raw materials to complete this crop.
Regulatory framework:
There is no specific regulatory framework for this crop.
Opportunities, terms and conditions for the cultivation:
Camelina cultivation is an interesting opportunity for semi-arid dryland farmers where there are few crop
options other than cereals. In addition, in these areas, the rapeseed has great problems to be correctly
implanted due to the lack of rain in September.
The cultivation is carried out under contract with the only company that operates in the sector. The services
provided by this company include supplies and the purchase of the crop, making it easier for farmers to work.
Role on the renaissance of rural areas:
The development of oilseeds in general is a great opportunity to take off biorefineries, such as new businesses
linked to agricultural production, which can boost an industrial development located in rural areas.
From an agricultural point of view, these oilseed crops have an important role in the landscape development
of rural areas, diversifying colors especially in spring at the time of flowering.
Critical success factors defined in the context of bio-based supply chains:
The necessary critical mass of product in the Market is a barrier to the development of new businesses linked
to the exploitation of camelline. As it is an emerging market, the offer is dispersed and does not offer large
volumes.
However, if the current agronomic barriers (tendency to lodging and reduced productivity) are improving, it is
foreseeable that this crop can have exponential growth linked to market demand.
The development of biorefineries linked to the use of vegetable oils in substitution of petroleum derivatives is
an opportunity that is coming progressively, although it is still in the research and its potential uses are being
explored.
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A7.2 Triticale for carbohydrate production (ES)
Strengths
-

-

-

Weaknesses

As it is a cereal, its cultivation is well known
and does not pose any difficulties for
farmers.
There is a wide range of varieties
Your fertilization management is similar to
that of a wheat and therefore well known.
It has a wide range of phytosanitary
authorized in the crop.
Industrial development is well known and
the technology is mature.
The remaining straw can be used for energy
uses (heat) or second-generation bio fuels.
There are enough marketing circuits that are
shared with the rest of the cereals. There is
no need to develop new commercial
channels.
There are no specific quality requirements to
take into account.
It is not necessary to make investments in
specific machinery for this crop.

Opportunities
-

-

-

-

These are not new crops that will enable the
necessary
diversification
of
cereal
monocultures.
The demand for nitrogen is relatively high,
as is the case for all cereals. It is necessary
to manage the fertilization model well.

-

The development of biorefineries offers
great possibilities but still needs commercial
scale experiences.

-

The fundamental agent is not the farmer but
the commercial agent, in most cases it is the
large importers who will play a more
significant role, the origin of the triticale
being of little importance if its price is
competitive for the industry.

Threats

A new demand in the market is always
positive because of the effect it can have by
pulling prices from the source upwards.
The development of biorefineries is a
pending opportunity to be exploited
commercially.

-

-

Competition with food production as it is a
conventional cereal for both food and nonfood use.
The market tends to be supplied by the
import of low priced cereals.

Sustainablecroppingstrategies:
It is a rustic crop that adapts well to a low-input cultivation strategy, reducing the use of fertilizers and
pesticides, given its ability to compete with weeds (tall) and the availability of varieties tolerant to the most
common diseases, such as rust and septoria.
In rotation it can take the place of a secondary cereal, after the main cereal in the rotation. That is, a succession
of alternative crops (rapeseed, sunflower, legume, ...), main cereal (soft wheat flour), secondary cereal
(triticale, barley, ...).
- Sowing is done at a dose of 300-350 seeds/m2 which is equivalent to a dose of 120-150 kg/ha of seed.
- It is necessary to use 2.5 to 3 Kg Nitrogen/t of expected grain. For a normal production of 5-7 t/ha of grain,
130-180 KgN/ha should be used, depending on the level of nitrogen available in the soil.
- It is necessary the use of herbicides for the control of gramineae and dicotyledons, with a great offer in the
market. It is possible to use tillage and sowing techniques that reduce the amount of weeds to reduce the use
of herbicides.
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- The use of insecticides and fungicides should be done only when the thresholds of plague or risk of diseases
evaluated by the corresponding technical personnel are exceeded. Under conditions of cultivation in semi-arid
drylands it is not usually necessary to make applications of any kind. In any case it is possible to take as
reference the habitual.
Production and supply chain organization:
The productivity of triticale is similar to that of the soft wheat most commonly cultivated in the different Spanish
cereal-growing areas. It adapts well to semi-arid drylands in which they compete well with other cereal crops.
It takes advantage of the same commercial circuits as other cereals as it has the possibility of being used in
both the food and non-food markets.
Commercial agents play an essential role as the cheapest triticale on the market will be used for industrial
purposes, even if they are imported.
Regulatory framework:
There is no specific regulation for this crop.
Opportunities, terms and conditions for the cultivation:
Since this is a conventional cereal crop, it does not represent a special opportunity for the producing sector,
given that the main interest of this sector consists of finding new crops that allow diversification and obtaining
reasonable profitability.
This is a new market that is not very demanding in terms of grain quality, which expands the possibilities of its
development in cultivation conditions that are more limited by soil or climate.
The requirements for its cultivation are simple, especially considering that its development is more possibly
linked to Spanish semi-arid drylands, where reducing inputs is an interesting and profitable strategy.
Role on the renaissance of rural areas:
As it is a fully mechanised crop, it will not be able to increase the demand for labour in rural areas.
Critical success factors defined in the context of bio-based supply chains:
The success of this proposed production is not so much in primary production, but in the industrial development
of another new demand for cereals. We must not forget that the existing tradition in the cultivation of this group
of species is a clear guarantee for producers.
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A7.3 Lupine for production of vegetable oils for non-food use (ES)
Strengths
-

-

Weaknesses

The emergence of the crop is easy, with
rapid implantation.
Production costs are low because it is a
legume that does not demand nitrogen and
takes good advantage of phosphorus.
Does not have special problems of pests
and diseases

-

-

-

-

Oil extraction is simple as in other oilseeds.
The industrial uses of oil are varied, opening
several markets
There are universities that are developing
new uses of extractable oil, an example is
LIBBIO proyect.
The resulting cakes after extraction are
highly valued for animal feed.
Trade is guaranteed by using the same
channels as the rest of oilseeds.
The demand for protein cakes is high for
animal feed uses.

Opportunities
-

-

-

-

-

It is a spring crop that needs well irrigated or
fresh dry land. There are also varieties
adapted to winter cultivation.
Difficulties to adapt to basic and limestone
soils.
Authorized phytosanitary products are often
insufficient for good crop management.
Its tolerance to cold is relative, up to -10ºC
in the case of winter varieties.
The industrial uses of these oils are under
development, but not fully established.
Biorefineries in process.

Crop in its initial stages with a low total
production, which hinders the development
of specialized commercialization circuits

Threats

The need for an alternative legume crop
alternating with cereals.
Being an alternative spring crop is a better
diversification with traditional autumn-winter
cereals.
An opportunity for the control of resistant
grasses in cereal crops
Biorefineries that use industrial oils can also
use camelina oil.

-

The preponderance of basic pH soils. The
adaptation of this species to this type of soil
is not well known.

-

Development of specialized chemical
industries that use lupine oil or its protein
cakes as raw material

-

The soybean market is a threat to the entry
of these other legumes that may occupy
their space.
Insufficient critical mass product for
significant industrial developments.

Sustainable cropping strategies:
Lupine crop can be compared with the cultivation of soybeans, as they are spring crops that can be adapted
to fresh dry land and irrigated land. We can also assimilate it to the cultivation of beans when we talk about
winter lupines, also available.
Lupine in fresh dry lands can be a very interesting alternative crop, as it is a late sowing legume and therefore
of great interest for the diversification and rotation of crops in this type of agro systems.
As an alternative crop is very favorable, significantly improving the yields of the following two cereals and
helping to break the cycles of development of pests and diseases of cereals
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- Sowing is carried out from January with seed doses of 25 grains/m2 in winter and 50 in spring, i.e. 120-140
kg/ha in winter and up to 180-210 in spring.
- Fertilization is not very demanding because it does not need nitrogen, as it is a legume.
- The use of herbicides is necessary since it competes badly with the weeds to have a slow growth and
establishment, especially when the crop is sown in autumn. A crop is made in lines that allows a mechanised
labor if necessary.
- It is not necessary to control pests and diseases that generally do not produce significant losses, except in
the case of spring crops where an insecticide and other fungicide treatment may be necessary.
- Harvesting is done with the usual machinery of cereal crops. It is convenient to adjust the harvesters well to
avoid the breakage of grains (300-350gr/1000 seeds).
Production and supply chain organization:
Winter lupine yields can reach 3.5 to 4.0 t/ha when properly seeded, while spring lupines can reach 2.5 to 3.0
t/ha, with more random yields often linked to high end-of-cycle temperatures.
It is not a very developed production so there can be problems of seed supplies and authorized pesticides.
Regulatory framework:
There is no specific regulatory framework for this crop.
Opportunities, terms and conditions for the cultivation:
Lupine cultivation is an interesting opportunity for farmers of fresh dry and acid soils, as it is the legume that
best adapts to these growing conditions. In mountain areas it can be a good solution for rotation with seed
potato.
It is necessary to develop marketing channels as this is a new crop in the region.
Role on the renaissance of rural areas:
Mountain areas with predominantly acidic soils can be an interesting niche crop for this legume. These areas
are in need of cultivation alternatives for rotation and legumes may be one of the best options.
New markets can be opened with this type of production in both the food and non-food sectors.
Critical success factors defined in the context of bio-based supply chains:
The necessary critical mass of product in the market is a barrier to the development of new businesses linked
to the exploitation of lupine. As it is an emerging market, the supply is dispersed and does not offer large
volumes.
The development of biorefineries linked to the use of vegetable oils in substitution of petroleum derivatives is
an opportunity that is progressively arriving, although it is still in the research and exploration phase of its
potential uses.
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A7.4 Organic Chamomila as aromatic and medicinal plant (ES)
Strengths
-

-

-

Weaknesses

It is an interesting crop to diversify the
productions in the cereal systems in fresh
drylands.
It does not seem to have special problems
with diseases or pests. No significant
phytosanitary
problems
have
been
detected.

There is a commercial structure ready to buy
the final product of good organic quality.

Opportunities

-

-

Compete badly with weeds and weeding is
problematic.
- Mechanical harvesting is not fully tuned.
More research is needed.
- The lack of varieties adapted to demand
- The final quality of the product obtained is
unknown.
- There is no supply of quality seeds with the
appropriate germination guarantee.
- It is necessary to have a dryer for the postharvest
phase.
This
implies
a
complementary investment.
- The separation of the head of the rest of the
plant is complicated at this time. It is
necessary to develop new appropriate
machines.
- The final quality depends a lot on the postharvest process, drying and separation of
heads.
- Harvesting by hand is more interesting because of
the quality of the product, but it is prohibitive because
of the cost compared to third countries.
-

Threats

There is a growing demand for this product
in the market, the demand is higher than the
current supply.
There is a trading company with an already
open world market, capable of marketing
large quantities of this product.

-

It could become a weed for subsequent
crops, with the complication that would
mean for cereals in rotation

-

Competition from third countries with
cheaper labor costs.
The current market is lacking, but it will
never be a large market capable of
absorbing large cultivation areas.

-

Sustainable cropping strategies:
It is a rustic crop and well adapted to the growing conditions of fresh dry land. It supports plantings for a long
period of time from autumn to spring.
From the sanitary point of view it has not presented important problems to solve. Although weeding is an
important handicap, in the organic sector, it must be done through preventive measures and manual cleaning.
The cultivation can be explored in rows, although it can be more complex in its integral management.
With a good content of organic matter in the soil, the availability of nutrients necessary for the crop can be
guaranteed. Attention to use well composted materials in order to prevent weed contamination.
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Production and supply chain organization:
Yields of 1-2 t / ha can be expected, depending on the planting dates, which can be reasonably profitable for
producers.
The availability of appropriate seed in the market is low, the offer is very small and without great guarantees
of germination quality.
Regulatory framework:
There is no specific regulation for this crop.
Opportunities, terms and conditions for the cultivation:
It is a crop of interest for organic producers who need a diversification of their cereal production, although it is
not a legume crop that provides nitrogen nutrients to the soil.
-

-

The seed needs are placed in 6-8 Kg / ha for usual plantings, doses that can be reduced to 2-3 Kg /
ha when the guarantee of germination is high. Sowing should be superficial.
The nitrogen needs would be low, about 50 KgN / ha contributed in spring.
Although there are pests such as caterpillars and aphids that can be identified in the production fields,
they do not usually have a high economic impact. From the point of view of diseases it is possible to
find mildew and other diseases, also with low incidence, at least initially.
Harvesting is not mechanized, although there are some prototypes under evaluation. There is a
mechanization that needs important research and innovation processes.

Role on the renaissance of rural areas:
As it is an organic production, it is an impulse to traditional family farms, being able to revalue the use of own
labour.
It will also play an interesting role from the landscape point of view, helping to change the homogeneity of the
current cereal landscape.
Ecological systems will also contribute to reducing the environmental impacts of current intensive agriculture
in fresh drylands in the region.
Critical success factors defined in the context of bio-based supply chains:
The development of significant production areas will be an opportunity for the development of post-harvest,
drying and component separation auxiliary industries in models that can be cooperative or provide business
services.
No significant technological investments are necessary for the post-harvest treatment process, which allows
the entry of regional actors.
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A7.5 Linseed (Flax) for oleaginous and textile use in Navarra (ES)
Strengths
-

Weaknesses

There are cold tolerant varieties that can be
sown in autumn. There is also spring crop.
It does not have special problems of pests
and diseases as it is a new crop.
It is a good crop for cereal rotation,
especially for semi-arid drylands

-

-

-

Oil extraction is simple as in other oilseeds.
The industrial uses of oil are varied, opening
several interesting markets
The resulting product after extraction is
highly valued for animal feed.
Trade is guaranteed by using the same
channels as the rest of oilseeds.
The demand for protein cakes is high for
animal feed uses.

Opportunities
-

-

-

-

-

It is a crop that does not compete well with
weeds. It is convenient to prepare sowings
for mechanical work.
Difficulties to adapt to basic and limestone
soils, where it may need a specific
contribution of Zinc.
Tendency to lodging when the productive
potential is high
The industrial uses of these oils are under
development, but not fully established.
Biorefineries in process.

Crop in its initial stages with a low
production, which hinders the development
of specialized commercialization circuits.

Threats

The need to have an alternative crop in
alternation with cereals, especially in semiarid drylands (for oil flax) and wetlands (for
textile flax).
As an alternative spring crop is a good
diversification option
with traditional
autumn-winter cereals.
An opportunity for the control of resistant
grasses in cereal crops
The use of straw for bioconstruction
materials is a reality in other regions.
Biorefineries that use industrial oils can also
use flax oil
Development of specialized chemical
industries that use flaxseed as raw material.
Growing flax for textile fiber is an opportunity
to develop

-

The preponderance of limestone soils, since
in this type of soils Zinc blockages can
occur.

-

It is a new market with the difficulties of its
introduction.
Lack of critical mass for significant industrial
developments. Competition from imported
linseed.

-

Sustainable cropping strategies:
Flax offers several possibilities as there are spring and autumn varieties and have different uses either for
textile use or as an oil plant.
It is a rustic plant and therefore adapted to low input production systems and semi-arid climatic conditions
when the final product is oilseed.
As an alternative crop, it is very favourable, improving significantly the harvests of the following two cereals
and contributing to break the cycles of development of pests and diseases of cereals.
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-

-

-

The sowing as oilseed is made from mid-October with seed doses of 350 seeds / m2 in winter and
500 in spring, that means 25-50 kg / ha. It may be interesting to use seeds with a zinc coating in order
to facilitate access to this nutrient.
Fertilization is not very demanding since it will not need large amounts of nitrogen, 4.5 KgN / t, which
means 80-100 KgN / ha.
It is interesting to propose the sowing system so that it allows a mechanical weeding with a flexible
spike-tooth harrow and with an inter-row cultivator. However, there are some authorized herbicides.
It is not necessary to control pests and diseases that generally do not produce significant losses,
except in the case of spring cultivation where insecticide and other fungicide treatment may be
necessary.
Harvesting is done with the usual machinery of cereal crops.

Production and supply chain organization:
Oilseeds flax yields can reach 1.5 to 3.0 t / ha when are sown properly.
It is not a highly developed production, so there may be difficulties in the supply of seeds and authorized
pesticides.
Regulatory framework:
There is no specific regulatory framework for this crop.
Opportunities, terms and conditions for the cultivation:
The cultivation of oilseed flax is an interesting opportunity for semi-arid dryland farmers, as it is a rustic crop
that adapts well to these conditions. In mountain areas it can be a good solution for rotation with planting
potatoes.
It is necessary to develop marketing channels as it is a new crop in the region.
Role on the renaissance of rural areas:
As there is a mechanized crop will not produce more jobs, but it can guarantee biodiversity in areas currently
dedicated to the monoculture of cereals.
It is an opportunity to exploit the uses of straw or even the entire crop for the use of fiber, either as a
construction material or as a textile fiber, in this case with a more demanding and specific cultivation system.
New markets can be opened with this type of production in both the food and non-food sectors.
Critical success factors defined in the context of bio-based supply chains:
The necessary critical mass of product in the market is a barrier to the development of new businesses linked
to the exploitation of oil flax and even more for textile linen. As there is an emerging market, the offer is very
dispersed and does not offer large volumes.
The development of biorefineries linked to the use of vegetable oils in substitution of petroleum derivatives is
an opportunity that is coming progressively, although it is still in the research and exploration phase of its
potential uses.
The production of textile fiber is an interesting opportunity although with the technical difficulties and need of
local entrepreneurs.
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A8. Italy
A8.1 Cardoon (Cynara cardunculus L.) as multipurpose crop for biorefineries (IT)
Strengths

Weaknesses

Plurennial rustic species well adapted to the
Mediterranean climate. Cynara tolerates mediumhigh level of soil salinity; water deficiencies occur
only in very drought periods. Pests are occasionally
reported and controlled with copper and sulphur
based products (allowed in organic farming). Direct
sowing is possible. Investments are mostly required
during the first year.
Combine equipped with conventional headers for
wheat harvest can be used. A specific header has
been developed for seed harvesting and biomass
windrowing altogether.

Severe attacks by aphids
compromise the cultivation.

and mildew may

Cardoon is a multi-purpose crop: seeds are a reliable
source of bio-oil while biomass can be processed in
order to produce bioenergy.

Seed conservation imply the use of desiccator.
When conventional combine headers are used for
cardoon harvesting losses of seeds are relevant.
Moreover, contamination of biomass with soil is
unavoidable because the use of rake for the
windrowing ad baling of the leftover biomass.
The difficulty of aggregating farmers and areas in
order to generate enough raw material for the
processing plants.

Opportunities

Threats

Improvement of marginal area that are not suitable
for food production.
Economic sustainability of the supply chain could
increase if the underground biomass would be
exploited at the end of the crop cycle.
New jobs in rural areas.

Lack of farmer knowledge regarding unconventional
crop.
Production of low quality biomass due to the
contamination with soil and stones.
Non efficient transportation of the biomass from the
site of production to the processing facility that
assures constant and high quality product supply.

Sustainable cropping strategies
Cardoon can be cultivated in semi-arid marginal areas of the Mediterranean region without strong competition
with food crops. Cardoon is a low input crop tolerating high salinity in soil. Use of chemicals for pests and
diseases control is low but in case of severe attacks, a considerable loss in biomass is to be expected. Since
cardoon is perennial crop, the soil remains undisturbed for long time with a consequent improvement of the
soil quality. Besides, plurennial crops have higher carbon sequestration rate than annual crops.
Production and supply chain organization
The biomass of cardoon can be harvested using a combine equipped with specific header that separates the
capitula from the rest of the plant while leaving the leftover biomass in windrows, ready for baling. Difficulties
may arise in case of very marginal lands not provided with roads suitable for big machines movement. Besides,
very steep soil can represent a danger for field work with heavy machines. The biomass retrieved from the
field has to be stored in centralized storage sites
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Regulatory framework
In Italy there are not yet financial aids from the government for the crop cultivation for biorefining proposes.
Financial support is offered by initiatives under the Bio-Based Industries Joint Undertaking (BBI JU), the publicprivate partnership between the European Commission and the Bio-based Industries Consortium (BIC).
Opportunities, terms and conditions for the cultivation
Local farmers can benefit from the multi-purpose biomass that cardoon produces. In fact, not only the seeds
are valuable for bio refinery and bio-oil production, but also the rest of the plant can be processed in order to
produce bio-products and bioenergy. Therefore, long-lasting collaborations between industries and farmers
are strongly required in order to keep fed the bio refinery industries with a constant high quality biomass.
Role on the renaissance of rural areas
Extensive cultivation of cardoon would help to improve the environment in rural areas with positive effects on
the local economy. New jobs and higher income per capita are expected along with development of local
infrastructures.
Critical success factors defined in the context of bio-based supply chains
There is an increasing interest in cardoon as a promising feedstock for biorefineries, since it is a multipurpose
crop for energy and industrial purposes. The lignocellulosic plant fractions can be used for solid biofuels and
for paper pulp production; oil extracted from the seeds can be converted into biodiesel or biopolymers for
producing bio-plastics, while the extracted flours can be utilized as feedstock in the feed industry. The presence
of active ingredients such as inulin, silymarin and cynarine, in the roots as well as polyphenols in the leaves
make the crop attractive for nutraceutics and pharmacological applications. Furthermore, the plumose crown
designed for seed dispersion, called the pappus, may result an attractive feedstock for the pulp and paper
industries.
Critical aspects derive from the availability of specific machines that can accomplish the recovery of the
different fraction of the crop (seeds, stems, leaves, roots, pappus) during the whole supply chain and mainly,
the industry should demonstrate the sustainability of the entire processes so that all the investors can benefit
from it.
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A8.2 Camelina sativa L. for high-value compounds for bio based chemical industries
(IT)
Strengths

Weaknesses

Seed yield can be up to 3 t/ha dry matter
under favourable conditions. Improved spring and
winter varieties of camelina are available on the
market. Camelina has a short cycle, and in autumn
sowing double cropping after camelina is a feasible
option. Camelina is a widely adaptable low input
crop. It is drought tolerant and can produce well with
low fertilizer inputs.
Camelina is pest resistance and low maintenance
crop. Camelina is tolerant to insects, and diseases
therefore it does not require pesticides.
Camelina can be seeded and harvested with
conventional farm equipment which makes it easier
for farmers to adopt.
High demand for oil crops rich in polyunsaturated
fatty acids

Weed pressure could be very high, and registered
herbicides selective for camelina are not available
yet.

Opportunities

Threats

Ability to grow in low-input farming systems and also
suitable for organic farming.
Camelina is very fast growing and it has short crop
cycle. Camelina does not host cyst nematode thus it
could be put in rotation with nematode-sensitive
species (i.e. potatoes, soybean, cotton, etc.)
Camelina can be grown without any tillage and can
reduce erosion as winter cover crops.
Camelina shows good potential to be a forage
(nectar and pollen) resource for insects because it
can produce large amounts of nectar sugar for
insects.
Seeds contain up to 42% of oil and up to 30% of
protein. Camelina oil is very rich in polyunsaturated
fatty acids suitable for feed/food and bio-based
industry. Camelina oil could be used for cosmetics
and other bioproducts. The seed cake has high
protein content, and well-balanced amino acid
composition, making it a valuable source for animal
feeding.

Camelina seed size is very small so sowing and
harvesting techniques should be precisely set up to
achieve sustained yield.

Sustainable cropping strategies:
Improved varieties of camelina are available on the market (both spring and winter biotypes) making it widely
adaptability and drought resistant. Camelina is a short-season crop and it requires 85-100 days, in spring
sowing, while in autumn sowing its harvest is usually earlier than winter cereals (i.e. barley). It grows well in
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light and medium fertile soils. It can be used as rotation crops with other legumes or cereals. It can be adapted
to marginal land
Production and supply chain organization:
Camelina can be seeded and harvested with conventional farm equipment.
Its oil seeds characterized by high content of erucic acid and desirable lipid composition. Camelina has an oil
profile of n-6:n-3 ratio which makes its very healthy oil. The cake of the seeds has high protein content and is
a valuable source for animal feeding.
Regulatory framework:
As non-food crop, camelina oil could replace food oil crops in biofuels production according to the RED II
Directive and ILUC Directive. Ecological benefits can be recognised as Greening measures under EU CAP.
Opportunities, terms and conditions for the cultivation:
Resistant to drought. Low input crop and survive in low water and fertilizer input conditions.
Role on the renaissance of rural areas:
The fact that camelina can be grown on marginal land, as a winter cover crop or as rotation crop creates the
potential for additional farm income in rural areas.
Critical success factors defined in the context of bio-based supply chains:
For a profitable bio-based chain the small-scale rural production must compete with imported oil or seeds.
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A8.3 Hemp for seeds production for multiple bio-based applications (IT)
Strengths

Weaknesses

Hemp is a high yielding crop well adapted to most
European conditions, with good productivity in semiarid Mediterranean zone.
Hemp can be grown in intercropping system with
other crops making them ideal crop for rotation
practices to increase the productivity of the following
food crops. Its fast growth after emergence renders
hemp very competitive against weeds. It can be
grown without pesticides and with a low input
technique.
Harvesting is mechanized: seed harvest is achieved
using conventional combines with adjustments to lift
up the header; Combine harvesters for harvesting
seeds and stems altogether are available.
Hemp produces high quality seeds suitable for
developing markets asking for oil for health and
personal care applications, protein for food and feed,
and high value chemicals such as phytosterols,
waxes, and essential oils.

The productivity is affected by water shortage and
high air temperature.
Low availability of suitable hemp varieties for oil
production for Italian environment.

Opportunities

Threats

Fits in crop rotation plans; Hemp cultivation can
ameliorate the soil by reducing the occurrence of
pests and diseases and increasing the soil organic
content.
Hemp has been positively evaluated for its
cultivation on contaminated soils.
Opportunities for new jobs and economic activity in
rural areas; development of new technology for
multipurpose use of hemp crop products.

Strong presence of pests reduces the yield

The food sector, which represents today the most
widespread (80%), can be a driving force, also in the
other sectors such as nutraceutical, cosmetic,
phytopharmaceutical, bioplastics, etc.

The lack of uniformity of crop height, typical in the
Italian hemp cultivations, makes problematic the
mechanical threshing.
The difficulty of aggregating farmers and areas in
order to generate enough raw material for the
processing plants.
The availability and cost of suitable combined
harvesters (new or modified).
The lack of end users for straw residues.

The conventional combine harvesters in order to
harvest the smallest plants (avoiding yield losses),
cut the crop very low, at the risk of possible clogging
of internal apparatus (introducing big pieces of
stalks).
Need for regulatory clarity that is still evolving.
Changing in market prices, today quite high due to
the high demand and limited supply.
Temporary “appeal”.

Sustainable cropping strategies:
Hemp, as a spring renewal crop, leaves a good residual fertility for the following crops that significantly benefit
from the weed control action. The choice of the crop varieties, cultivation practices and harvesting machineries,
in relation to the specific end use destinations, is crucial for the sustainability of the whole chain.
Production and supply chain organization:
The industrial production and supply chain for biorefining purposes in Italy is limited to few cases.
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Regulatory framework:
In Italy, there is an increasing interest around hemp for its economic potential because of a new law for the
promotion of the cultivation and agro-industrial chain. This law contains rules for support and promotion of
hemp cultivation and supply chain, highlighting how the crop can contribute to reduce the environmental impact
in agriculture, to reduce the consumption of soils and desertification and loss of biodiversity, as well as how
crop can be used as a rotation crop.
Opportunities, terms and conditions for the cultivation:
More research is needed on genetic selection of hemp varieties for oil production suitable for Italian
environments. Improved agricultural practices should make mechanization easier.
Role on the renaissance of rural areas:
Growing hemp fits in the rotation schemes of arable farming on many soil types and climate conditions with
interesting profit margins also for small areas in marginal areas. Beneficial will be the creation of new jobs in
rural areas for harvesting and logistics and processing.
Critical success factors defined in the context of bio-based supply chains:
The valorisation of the whole plant (seeds, flowers and biomass) is a crucial point to increase the overall
profitability of the hemp chain.
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A8.4 Giant reed (Arundo donax L.) for bioenergy production (IT)
Strengths

Weaknesses

It is characterized by relatively high yields and high
water and nitrogen efficiencies, and by low
susceptibility to pests and diseases.
Its robustness and physiological characteristics
allow it to easily adapt to different types of soils and
ecological conditions. 92
Rhizomes collection, selecting and soil planting
operations can be assisted by specialized machines
which significantly reduce the costs of propagation.
Harvesting is mechanized. 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).
Biomass can be converted in heat, biogas and
bioethanol. Moreover, it can be used for the
production of paper pulp, and building materials.
This crop is also utilized in the removal of pollutants
from wastewaters, as a strategy to improve the
management of water resources, or in the
phytoremediation of contaminated soils to restore or
attenuate and stabilize contaminated sites.92

Propagation by rhizomes and cane cuttings is not
efficient for industrial plantations establishment
(about 15,000-20,000 rhyzomes/ha required).
Moreover, cane cutting propagation, likely rhizome,
can only be performed during restricted periods of
the year.
Giant reed biomass has low energy density and
available only for a specific time in the year, so
needs to be properly harvested, transported and
stored.

Opportunities

Threats

Long-term studies carried out in Central Italy
confirmed its high production level, in both fertile and
marginal lands (aboveground yields from 38 to 20 t
ha-1 year-1). 93

Invasive species. Giant reed forms dense,
monocultural stands and often crowds out native
vegetation for soil moisture, nutrients, and space.
When dry, it is highly flammable and becomes a fire
danger in riparian habitats unaccustomed to
sustaining fire. 94

Giant reed is found to be the most profitable crop
among the perennial grasses grown in marginal
lands, supporting local farming communities and
crop production resilience to climate change.

Sustainable cropping strategies:
Giant reed highlights a high growth rate at the beginning of the growing season, progressively decreasing in
summer when high temperature and low water availability occurred.93 Giant reed nutrient requirements were
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Fernando A.L. Barbosa B. Costa J. Papazoglou E.G. 2016. Chapter 4 - Giant Reed (Arundo donax L.): A multipurpose
crop bridging phytoremediation with sustainable bioeconomy, pp.77-95.
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USDA, 2014. Field Guide for Managing Giant Reed in the Southwest. Available from:
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5410114.pdf .
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generally low and part of nutrient stocks were remobilized from the rhizome to the aboveground biomass over
the spring, with the opposite flow occurring in autumn. From an environmental point of view giant reed showed
a positive energy balance with a high-energy efficiency.93 Compared to other energy crops, giant reed shows
the lowest GHG emissions per unit of energy and the best performance in terms of cost per ton of dry biomass
or per unit of energy.93
Production and supply chain organization:
The establishment of giant reed cultivations requires a very high number of young plants/ha (15,000 – 20,000)
and thus, a suitable nursery technique has to be highly efficient, particularly as concerns plant multiplication
rate and low production costs. Although giant reed propagates very easily, such a technique is not yet pointed
out.95
Regulatory framework:
Although in Italy incentives for bioenergy production promote mainly the use of by-products and agricultural
residues, Giant reed biomass for bioethanol generation meets the goals of RED II Directive.
Opportunities, terms and conditions for the cultivation: Energy crops could represent a good opportunity to
combine the energy goals with the conservation of farmer incomes and the global climate change control.
Giant reed is particularly attractive for energy production because of a high yield potential, a generally positive
environmental impact and a good attitude to energy conversion.93
Role on the renaissance of rural areas:
Giant reed is found to be the most profitable crop among the perennial grasses grown in marginal lands,
supporting local farming communities and crop production resilience to climate change.
Critical success factors defined in the context of bio-based supply chains:
Logistics is a crucial factor for the overall economics. As other herbaceous crops, giant reed biomass,
characterized by low energy density and available only for a specific time in the year, needs to be properly
harvested, transported and stored.
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Stefano Morini (2015) Mass propagation of giant reed (Arundo donax L.), an invasive species suitable for biomass
production. Newsletter of the Georgofili Academy, September 16 2015.
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A8.5 Sorghum (Sorghum bicolor L.) for biogas and biomethane production (IT)
Strengths

Weaknesses

Sorghum is well-adapted to marginal growing
conditions such as water deficits, water logging,
salinity, alkalinity, and heat waves.
Yield higher compared to maize production.

The temperature is the limiting factor (Mediterranean
climate is more suitable).
Requires proper weeding in post emergence.
Lodging can occur in August and September with the
combination of rain and wind, especially for tall
hybrids for biomass production in dense plantations
Quality of Sorghum silage is worse than maize silage
for anaerobic digestion

Harvesting is mechanized (self-propelled forage
harvesters)
High demand for sorghum silage in biogas plant
Opportunities

Threats

Different varieties of sorghum are a valid alternative
to maize in less fertile areas, which require more
rustic crops.
It can be double-cropped after autumn-winter cereal
allowing a better use of the land during the summer.

Sorghum has a rather small seed that often causes
difficulties in emergence.
The low sowing depth can cause the death of the
newly germinated seeds.
In the case of a second harvest, more irrigation
water, fertilizers and herbicides could be needed.
Competition with alternative utilizations (feed,
combustion)

New income opportunities in less productive rural
areas.
Multipurpose crop (feed and bioenergy production)

Sustainable cropping strategies:
Sorghum can be produced with minimum inputs even in semi-arid areas with soils of low fertility.
A sustainable cropping strategy is to plant sorghum just after a winter crop for a double cropping. In that case,
the biomass production is less but this option presents the advantage of increasing land values with a second
harvest per year which allows to combine a food production with a fuel production.
Production and supply chain organization:
The supply chain for biogas plants is the same used for the forage production. Sorghum for biogas chain is
harvested with self-propelled forage harvesters equipped with maize header and the chopped material is then
ensiled.
Regulatory framework:
In Italy incentives for bioenergy production promote mainly the use of by-products and agricultural residues as
feedstock. Recently second-crops have gained a special attention.
To receive incentives for electricity production, biogas plants with power not exceeding 300 kW, must be fed
for at least 80% by manure and by-products, and 20% by second-harvest crops (DI 23/06/2016). Biomethane
is promoted as sustainable biofuel when it is produced from second-crop (in this case, the biofuel contribution
is not included in the 7% threshold alternative to fossil fuels in the transport) (DM 2/3/2018).
Opportunities, terms and conditions for the cultivation:
Essential for profitable crop production is the presence of nearby biogas plant (both for market access and for
logistic issue due to the transportation costs).
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Role on the renaissance of rural areas:
The use of sorghum as a biogas feedstock opens opportunities for farmers in less productive rural areas. This
is because sorghum has a high tolerance to drought conditions, has high water use efficiency, and is adapted
to low agronomic inputs.
Critical success factors defined in the context of bio-based supply chains:
Demand by biogas plants.
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A9. Greece
A9.1 Camelina for oil (GR)
Camelina is an oilseed crop that can be grown both as winter and spring crop in Greece. A lot of research had
been carried out in Spain.
Strengths

Weaknesses



 So far, several varieties are available but the
majority of them are coming from northern
countries and thus are not appropriate for the
climatic conditions of Greece.
 Although a large number of field trials have
been established in Greece in the view of
COSMOS project to set the appropriate cultural
practices, additional research is needed on
pilot fields in collaboration with the farmers.
 Lack of registered herbicides for camelina.









Camelina has a short growing cycle and thus
can fit easily in the existing rotation systems. It
can be grown successfully both as winter and
spring crop.
It can be grown on marginal lands and it has
been tested as potential oilseed crops in
several EU projects (like ITAKA, MAGIC,
BIO4A, etc.).
It can be grown in Greece without irrigation. As
winter crop it should be sown on the same
period that wheat sowing takes place.
The existing machinery can be used for the
cultivation of camelina (some adjustments may
be necessary to increase the crop
performance).
It is an oilseed crop that contains 40% oil, while
its seed meal has high protein content and it is
considered a very good source for animal
feeding.

 The crop has some lodging problems that
makes the harvesting more difficult and
reduces the quality and quantity of the
produced seeds.

Opportunities

Threats

 This crop can be very attractive for the farmers
since can be grown in the existing agricultural
rotation systems due to its short growing cycle.
If it is sown in the beginning of December it can
be harvesting in the 2nd half of May (almost
three weeks earlier than wheat).
 In terms of market the crop has numerous uses
for its oil (due to its profile) as well as for the
seed meal that is an excellent source for
animal feed. Camelina can be quite important
oilseed crop as soon as the imports from the
palm and kernel oil in Europe will be forbidden.



To be produced appropriate varieties for the
southern Europe with resistant to lodging in
order the yields to be maximised.



The weed control; registered herbicides should
be released.

Sustainable cropping strategies: In the view of COSMOS research project a large number of field trials had
been established in Greece in order the appropriate cultural practices to be identified. After four years
experimentation it is clear now that the crop can be grown both as winter and spring crop but higher yields
were obtained when the crop had been sown the same period with wheat or when it was sown as early as
possible in the spring (end of winter to beginning of spring). Further experimentation is needed on large trials
in order the cultivation protocol to be tested on real farming conditions.

133

Production and supply chain organization: By adopting of the appropriate cultivation protocol the seed yields
can be significantly increased (currently is between 1.8 to 2.5 t/ha seeds). The existing harvesting material
should be adjusting to camelina crop in order the seed losses at the harvest to minimise. Moreover, varieties
with as less as possible lodging problems should be selected. Apart from the oil seeds the crop leaves
lignocellulosic biomass that is around 2 to 3 t/ha (the ration between seeds yields and residual biomass yields
is 1:1) with ash content between 5 to 6%.
Regulatory framework: In Greece, when a farmer grows camelina can take the same incentive (the basic one)
that can take for any other crops (like cereals, corn, cotton, etc.) that is 45 euros/ha. The new CAP (after 2020)
might change the regulatory framework for camelina at EU level and will allow each country to support some
crops according to their national plan for agriculture.
Opportunities, terms and conditions for the cultivation: The main opportunities in the cultivation of camelina
are: a) the camelina oil can replace the oil imported from palm and kernel that will be quite important in the
near future when the import in EU of these two oils will be forbidden, b) its short growing cycle that makes its
insertion in the existing agricultural systems possible, c) the existence of a quite high number of varieties that
can be used for further breeding that can be further improve the seed yields as well the lodging resistance and
d) the possibility to use the existing harvesting material with some modifications.
Role on the renaissance of rural areas: Camelina since can fit into the existing rotation schemes can offer new
cultivation options to the farmers. It is an oilseed crop with several products from its oil (replacement of palm
and kernel), its seed meal for animal feeding with high protein content as well as its residual biomass
(lignocellulosic feedstock).
Critical success factors defined in the context of biobased supply chains: The main critical success factor is to
set up its management protocol for Greece for yields maximization (appropriate varieties, densities, sowing
times, fertilization inputs, diseases and enemies, weed control, no lodging problems, harvesting method to
avoid as much as possible the harvesting losses, etc.). Pilot trials should be established in collaboration with
farmers in order to be trained to the successful cultivation of the crop.
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A9.2 Hemp for textile, insulation (GR)
Industrial hemp is a multi-purpose crop since a high number of value-added products can be produced from
all parts of the crop (stems, flowers and seeds). In Greece, the cultivation of industrial hemp was become legal
in 2016 and the production area from 0.25 ha comes up to 100 ha in 2018. In all these plantations the products
have been used either the seeds of the crop or the tops of the stems.
Strengths

Weaknesses



 Because the cultivation of industrial hemp was
abandoned in the late 1950s the varieties that
used to be grown had been lost. When, the
cultivation become legal again (in 2016) the
Greek farmers had to import seeds from EU
(those that have been registered in European
catalogue).
 The harvesting of the crop has not well
organised so far. The Greek farmers trying to
adopt the harvesting machines that are
available in northern Europe (too expensive,
appropriate for large farm size).
 Although the crop can have numerous end
uses, so far in Greece the crop is being grown
for its flowers (tea, CBD, etc.) or for its seeds
(oil production, etc.) and no uses have been set
for its stems.
 In Greece it is necessary to be grown under
irrigation in order the crop not to be stressed
and to increase the percentage of THC (that is
a drug). Thus, cannot be grown in lands that
cannot be irrigated.









It is an old-new crop that used to be grown in
Greece for its fiber stems and its seeds till late
1950s. In the central Greece used to be grown
for its stems (tall varieties), while in northern
Greece used to be grown for its seeds (short
varieties). Thus, its cultivation is not totally
unknown in Greece.
It can insert to the existing rotation systems. It
is a spring crop that should be sown in April
and the final harvest can be done from the end
of August to middle of October (according to
the end-use).
Due to its allelopathy industrial hemp can clean
the fields from the weeds. It is considered that
when cereals following hemp cultivation in a
rotation system the field have less weed
problems.
The crop can produce a wide range of value
added products and thus can have access to a
high number of markets (textiles and insulation
mats from its stems, CBD from its flowers, oil
and protein from its seeds, etc.).
It is a very good crop for phytoremediation and
thus can be cultivated on pollutant lands with
heavy metals.

Opportunities

Threats

 It is a crop that can increase the farmers
income since it is a multi-purpose crop and
high-value added bioproducts can be produced
in case the its whole production chain is well
organised (the different parts of the crop to be
harvested separately and each one to go to a
different market).
 It can be grown on polluted lands and can
significantly help to the remediation of this kind
of soils. It can be grown in areas that have
been released from lignite miners.



The harvesting should be well organised in
order the whole biomass production to be used
and different products to be produced from all
parts of the crop. This year some attempts to
improve the harvesting have been carried out
by unions of farmers in central Greece.



Although the farmers were quite enthusiastic
with the cultivation of industrial hemp, can be
easily disappointed due to the lack of proper
harvesting and if the market is not well
organised in the near future.

Sustainable cropping strategies: In Greece the cultivation of industrial hemp became legal again in spring
2016. Soon after, some farmers cultivated a total area of 0.25 ha just to have the first experience with the crop.

135

It is considered an old-new crop since it used to be cultivated in Greece till the late 1950s. Because the industry
wants feedstock from this crop and the research on this had been stopped for many decades in Greece the
whole management plan should to be determined (the appropriate varieties per main end-use, irrigation and
fertilization needs, plant densities and sowing dates, harvesting times according to the end use, weed control,
etc.). Initially, the existing machinery was used but very soon it was found that adjustment to the existing
harvesting machinery is needed. The cropping strategies are being improved gradually from year to year
(2016-2019) but still the appropriate management plan has not yet finalised.
Production and supply chain organization: A key issue for the successful production of industrial hemp is the
organization of the supply chain (from cultivation to the end-use). A key issue in the supply chain is the
harvesting that will allow to the farmer to take the whole biomass separately (stems, tops and seeds) in order
to be delivered for different end-use. So far, the seeds and the tops have been used and not the stems. A
separation line is needed where the stems can be divided into bark (for textiles and insulation mats) and core
(for composites, building materials, pellets, etc.). It should be pointed out that bark is the 30% of the stem. In
this way the income of the farmers can be significantly increase since the crop can have many alternative
markets.
Regulatory framework: In Greece, when a farmer grows industrial hemp can take the same incentive (the basic
one) that can take for any other crops (like cereals, corn, cotton, etc.) that is 45 euros/ha. The new CAP (after
2020) might change the regulatory framework for industrial hemp at EU level and will allow each country to
support some crops according to their national plan for agriculture. It should be pointed out that industrial hemp
can be grown on polluted areas and can be used for phytoremediation.
Opportunities, terms and conditions for the cultivation: The increasing need for feedstock from industrial hemp
is the main opportunity for this crop not only at national level but also at European. The last years the area of
industrial hemp cultivation in Europe was tripled (from 2014 to 2019) and from 14,000 ha come up to 32,000
ha. At European level there is an increasing need for CBD production, for oil production as well as for insulation
mats. In order the cultivation of industrial hemp to continue to be interesting for the farmers the harvesting
problems should be solved and all parts of the plant should be used for different end products.
Role on the renaissance of rural areas: In Greece the last years large areas have been released from the
cultivation of other industrial crops like tobacco, sugar beets and cotton. The farmers are looking for alternative
crops and thus when the cultivation of industrial hemp became legal some farms were immediately established.
The benefits of this crop have been presented to farmers (many different products, easy to be grown, etc.) and
thus in only three years’ time from 0.25 ha come up to 100 ha. Now, on local level, several unions of farmers’
try to improve the production chain of the crop in order to provide the farmers an increased income. The
industrial hemp can play a significant role in the renaissance of rural areas and to give an alternative solution
in areas that have been released from the cultivation of tobacco, sugar beet and cotton.
Critical success factors defined in the context of biobased supply chains: The most critical factors in the
biobased supply chain are: a) the organisation of the harvesting thus all parts of the crop to be received
separately, b) the selection of the most appropriate varieties per end use (crops for fibers, for seeds and for
dual uses) and c) the setup of a separation line for the two stem parts (bark and core) in order both parts to
be used for the production of value added produced (insulation mats, building materials, composites, etc.).
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A9.3 Switchgrass for bioenergy (GR)
Switchgrass is a typical biomass crop that is being grown for bioenergy production and biofuels. In Greece, it
can be grown on abandoned agricultural lands as feedstock for bioenergy (chips, pellets and/or briquettes for
combustion, torrefaction and falsification) and advanced liquid biofuels (fermentation).
Strengths

Weaknesses



 It is a perennial crop and long-term
commitment is needed by the farmers. The
farmers are generally open to the idea to grow
switchgarss in their fields that had been left
abandoned (these lands use to be cultivated
but due to low yields of food crops had been
left abandoned).
 The seeds it is not always easy to be found.
The seeds mainly imported from USA and only
few suppliers in Europe sell seeds and the
price is not tempted.
 The farmers need guidance to a successful
establishment of the (well firmed soil is needed
with good contact soil-seeds and weed
management the first two months of the
plantation).









Switchgrass is a crop established by seed and
apart from the establishment stage (that
requires a very well firmed soil, good contact
between seeds and soil and good weed
management plan) it is a crop characterised by
an easy management plan (low inputs in terms
of water and fertilizers).
It has a long lifetime (up to 20 years or more) in
case of a successful establishment and
requires less water than miscanthus (it needs
in dry areas water from May to July).
It can be grown with satisfactory yields (10t/ha
dry matter; mean dry yields of 20 years) on less
fertile or abandoned lands (based on fields that
had been established by CRES in 1998).
No new machinery is needed from the farmers
to be cultivated. It can be easily baled. At the
harvesting time the moisture content can be
lower than miscanthus. Compared to
miscanthus it can be said that switchgarss has
lower moisture content but high ash content (4
to 5%, while for miscanthus can be 3 to 4%).
Its removal (after 20 years) it is much easier
than other perennial grasses (like miscanthus
and giant reed) and as all perennial grasses
contributes to the increase of the soil carbon
sequestration.

Opportunities

Threats

 Switchgrass is an excellent choice of non-food
crop to be grown on less fertile or abandoned
agricultural lands in Europe and to give to the
farmers an extra income and to protect the soil
from the erosion and to increase the soil
carbon sequestration.
 Switchgrass can provide feedstock for several
uses (such as feedstock for solid biofuels,
advances biofuels, biobased materials, etc.). It
is considered (like all perennial grasses) as an
excellent feedstock for advanced biofuels.
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The main threat is the lack of seeds for the
sowing and the special attention at the
establishment stage (good soil preparation and
good weed management plan) in order the
farmers not to be disappointed from this
promising non-food crop.
No special incentives are provide right now by
the Greek agricultural policy. In the new CAP
there is need from Greece to have a clear
policy for the non-food crops and to provide
incentives to be grown at least in agricultural
lands that had been left uncultivated.

Sustainable cropping strategies: In Greece switchgrass has been established in a number of field trials (on
less fertile or abandoned agricultural lands) more than 20 years ago. All these trials gave the necessary
knowledge to identify the successful management plan for both a successful establishment of the crop and for
long-term yields (up to 20 years). The crop it is established by seeds (having very small size) and can be
cultivated using existing machinery (from sowing till final harvest). It requires less water than miscanthus and
the critical period for irrigation is between May and July, while in terms of nitrogen fertilization 50 to 70 kg N/ha
are needed on annual basis. No diseases or enemies have been recorded in the Greek switchgrass
plantations. At the harvesting the moisture content varies from 10 to 30% and the 60% of the harvesting
material are stems. Its ash content (due to the higher leaf portion in the total harvested biomass) is higher than
miscanthus (4-5% vs to 3 to 4%). It should be grown on less fertile or abandoned agricultural land to avoid
food vs fuel completion and tin this type of fields mean yields of 10 t/ha dry matter have been reported. At the
end of its lifetime it has been found that the soil carbon sequestration has been significantly increased
(OPTIMA project, www.optimafp7.eu).
Production and supply chain organization: A key issue for the successful production of switchgrass is the
organization of the supply chain (from production to the end use). Thus, some demonstration/pilot fields should
be established in collaboration with several stakeholders (farmers, cooperatives, scientists, farmer’s advisors,
end-uses, etc.) in order the farmers to be trained on how to cultivate the crop successfully and to test the whole
production chain (harvesting of the crop with the existing machinery and transportation to the end-users that
currently can be a company producing pellets and/or briquettes that can be used for combustion, torrefaction
or gasification). At all stages the economics should be recorded in order to have a clear view of the whole
production chain and to see which stages needs further improvement.
Regulatory framework: In Greece no special regulatory framework is existed. Currently, the Greek Action Plan
for Energy is beginning updating. It should be pointed a national plan for bioeconomy is lacking and there are
some initiatives to set a plan for Bioeconomy in the near future. The new CAP (after 2020) opens to the
countries the opportunity to set a national plan on which crops they would like to support and it is open to
discussion if some incentives for non-food crops like switchgrass can be included (such as for non-food crops
that will be grown on abandoned agricultural lands).
Opportunities, terms and conditions for the cultivation: The main opportunity of this non-food crop is its ability
to be grown on abandoned lands with satisfactory yields and its easy management plan (apart from the
establishment stage). For the successful cultivation and production of the crop guidance is needed to the
farmers (how to do the establishment, where they will find seeds, how much water the planation will need, how
much fertilizers, which density they should apply and when they should do the harvesting). Apart from the
guidance end users are needed to have a contract with the farmers for the produced feedstock.
Role on the renaissance of rural areas: Switchgrass can play an important role in the renaissance of the rural
areas through the cultivation of the abandoned agricultural lands and the opportunity to the farmers to have
an extra income from a crop that needs fewer inputs than food crops. It can protect from the soil erosion and
on long-term can increase the soil carbon sequestration. Switchgrass can be grown on pollutant lands with
heavy metals and can significant contribute to the remediation of these kinds of soils.
Critical success factors defined in the context of biobased supply chains: The critical success factors in the
whole chain of the biobased supply chains are: a) the successful cultivation, b) the end-use of the produced
feedstock (mainly for bioenergy and secondary for biobased materials). For the successful cultivation what is
the most important is: the successful establishment and the provision of lowland variety seeds (the most
promising lowland varieties are: Alamo, Kanlow, and Pangburn). For the end-use a contact with a company is
needed to buy the feedstock mainly for energy applications, but this is a critical factor in the biobased supply
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chain for all non-food crops. Switchgrass when it is grown for bioenergy production the whole harvesting
material is used. It should be pointed that that traditionally the crop in USA was used as fodder crop and in the
beginning of 1980s it has been selected as ideal biomass crop for bioenergy and biofuels production.
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A9.4 Lupin for Oil (GR)
Strengths

Weaknesses

 Lupin is an old-new crop for Greece. It used to
be grown in some areas for human
consumption as well as for animal feeding. It is
still a minor crop in some sites in Greece
(mainly located in the south of Greece).

 Improved varieties should be developed in
order the crops yields to be increased.

 It is a crop that can be grown with relative low
inputs and can have good yields even on
agricultural lands with reduced fertility. No need
for irrigation.

 In LIBBIO project the lupin that is being
cultivated has been imported from Andes (not
indigenous to Europe).

 Recently, an increasing demand had been
monitored and in the northern of Greece lupin
fields had been established (contractual
cultivation with a company).

 Since the crop it is cultivated on few sites of
Greece, the majority of the Greek farmers are
not aware on how to grow the crop.

 It can be inserting on the existing rotation
schemes with conventional food crops.
Opportunities

Threats

 Currently, an EU research project is being
running with the acronym LIBBIO. In this
project lupin has been selected to be grown as
a multi-purpose biomass crop on marginal
lands to produce a number of value added
products (such as cosmetics). In this project it
not cultivated the common lupin but one that
had been imported from Andes (Lupinus
mutabilis) for its ability to be grown successfully
on marginal agricultural lands.

 The mechanical harvest of the crop is not well
organised. There is room for research on
harvesting.

 The increasing need in Europe for proteins and
oils. Lupin has oil 20-25% oil content and high
percentage of protein (38 to 45%).

 In case that Lupin mutabilis will be cultivated
improved varieties for Europe will be needed
but this has been included in LIBBIO project.

Sustainable cropping strategies: Although lupin is an old-new crop for Greece its sustainable cropping
strategies should be defined (improved varieties, cultural practices, harvesting methods, etc.), especially in
the case of Lupinus mutabilis that has been imported from Andes.
Production and supply chain organization: In order the supply chain of lupin to be better organised the
harvesting should be run mechanically. Moreover new improved varieties should be released with higher
yields and better performance to the pedoclimatic conditions of Greece.
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Regulatory framework: In Greece, when a farmer grows lupin can take the same incentive (the basic one)
that can take for any other crops (like cereals, corn, cotton, etc.) that is 45 euros/ha. The new CAP (after
2020) might change the regulatory framework for lupin at EU level and will allow each country to support
some crops according to their national plan for agriculture.
Opportunities, terms and conditions for the cultivation: It is a crop with high protein and oil content that used
to be cultivated in some areas in Greece in the past. It can be grown quite successfully on marginal areas
without irrigation and low amounts of fertilisers. Its mechanical harvesting should be organised and through
breeding the farmers should be provided with improved varieties. It should be pointed out that there is
market need for protein and oil and lupin can contribute to both.
Role on the renaissance of rural areas: The crop can fit to the rotation cycles with conventional crops.
Moreover, it has been reported as an annual crop that can be grown successfully on marginal lands thus can
be cultivated on abandoned agricultural lands and can contribute to the increase of the farmers’ incom.
Critical success factors defined in the context of biobased supply chains: In case of Lupinus mutabilis
improved varieties should be developed that will fit in the specific climatic conditions of Greece (the last
years a number of lines are being tested in central Greece in the view of LIBBIO project). Moreover, the
mechanical harvesting of the crop should be organised.
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A9.5 Castor for Oil (GR)
Castor is a spring oilseed crop that has been tested in several experimental field trials in Greece.
Strengths

Weaknesses



 The protocol of its cultivation has not totally
defined (sowing densities, varieties, irrigation
and fertilization inputs, harvesting time, etc.).







It is an oilseed crop with high seed yields (3 to
5 t/ha) and its seeds contains more than 50%
oil. Its oil containing more than 80% ricin oleic
fatty acid.
It fits perfectly to the climatic conditions of
south Europe and thus in Greece it can be
found to be grown as indigenous crop (annual
or perennial).
In Greece a large number of improved
varieties/hybrids have been tested (imported
mainly from Israel). All these varieties/hybrids
were annual with short plants and high number
of racemes per plant. Yields from 3 to 5 t/ha
oilseeds have been recorded.
Europe imports castor oil mainly from India
since it is a feedstock for a number of biobased
products. Thus, it is an important crop for the
European biobased industry.

 In most of the cases before the harvesting time
the plantation should be sprayed with an
herbicide in order its growth to be stopped and
the seeds to mature.
 The harvesting has not totally defined. The
castor seeds can be easily broken at the
harvesting. Thus, further research is needed to
ensure the mechanical harvesting can work
and high seed yields can be obtained. A lot of
research has been done on this issue in Brazil.
 It is a non-food crop and it is considered
poisonous under specific circumstances thus
the farmers should be informed how they
should grow this very valuable crop.

Opportunities

Threats

 It fits very well in the climatic conditions of
Greece and high seed yields can be obtained.
It occupies the fields from the beginning of April
till mid-September.



 There is a clear need for this oilseed crop from
the European chemical industry. So far, a
number of field trials have been carried at
European level but the cultivation of the crop
can be improved in the framework of a
European research project that will define the
protocol of its cultivation and will train the
farmers how to grow this crop.



The main treat is the fact that it is considered
as poisons crop in general and thus the society
and the farmers do believe they will be harmed
from its cultivation. The society should be
informed under which circumstances the crop
can be poisonous.
The lack of a proper mechanical harvest as
well as the security of seed provision with
annual high yielding varieties (these
varieties/hybrids have higher yields and more
uniform ripening.

Sustainable cropping strategies: Although several field trials have been carried out on castor in Greece the
cultivation protocol has not totally formed. A number of annual hybrids have been tested (imported from Israel;
short ones) with seed yields varied from 3 to 5 t/ha. It was found that the crop needs irrigation at some stages
of growth (not at initial stages of growth because the crop produce more leaves and stems that racemes and
became taller and few 3-4 weeks before the harvest). For better yields it is proposed to cultivate
varieties/hybrids having uniform ripening as much as possible and the plantation to be sprayed with an
herbicide few weeks before harvesting in order the growth to be stopped and at harvesting the plantation to
be as dry as possible. Special attention should be given to the mechanical harvesting of the crop in order the
seeds to not be damaged. The castor seeds contain more than 50% oil and more than 80% of the oil is
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corresponding to ricin oleic acid that cannot be found to any other cultivated oilseed crop (apart from
lesquerella that is still a minor oilseed crop).
Production and supply chain organization: For the successful production of the crop and for the good
organisation of the supply chain it is necessary the cultivation of the crop to be carried out mechanically (with
special emphasis on harvesting in order the seeds not to be broken). The market need for this kind of oil is
very well penetrated in the Europe and so far the needs are being covered with imports mainly from India.
Moreover, the farmers should be informed at which conditions the crop can be poisonous. Its seed meal
characterised by high protein content and there is a procedure to because no toxic and appropriate for animal
feeding.
Regulatory framework: In Greece, when a farmer grows castor can take the same incentive (the basic one)
that can take for any other crops (like cereals, corn, cotton, etc.) that is 45 euros/ha. The new CAP (after 2020)
might change the regulatory framework for castor at EU level and will allow each country to support some
crops according to their national plan for agriculture.
Opportunities, terms and conditions for the cultivation: The cultivation of the crop offers opportunities in the
European economy since its seeds as source for ricin oleic fatty acid that can be not obtained by any other
oilseed crop and currently is being imported from India. The main driving force for the cultivation of castor is
the industry needs. As a crop it has not special difficulties in its cultivation. What is needed is to use high
yielding varieties/hybrids, to set the appropriate irrigation plan, to run successfully its mechanical harvest and
to avoid some diseases that in areas with increased humidity can be appeared.
Role on the renaissance of rural areas: Castor occupies the fields from April till September (as a typical spring
crop) and can be cultivated in rotation with conventional crops. Due to its high demand by the chemical industry
can offer to the farmers the opportunity to increase their income.
Critical success factors defined in the context of biobased supply chains: The critical success factors are
focused on the cultivation of the crop. Once the seeds will be successfully produced they can be sold in the
European chemical industry as feedstock for numerous biobased products. The cultivation protocol should be
better defined, the farmers should be informed at which conditions the crop can be poisonous, the mechanical
harvest should be optimised and the seed meal should be toxic-free in order to be used for animal feeding.

143

