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Abstract
Starting from the list of NFCs provided in deliverable 1.1, “List of Data sources” which included 93 crops
studied in 217 funded projects, either at European or national level, the objective of the present deliverable
was to identify among them the NFCs which are near-to-practice. After applying a reasonable threshold of at
least 5 EU funded projects per NFC and revising the outcome together with other PANACEA partners the
final selection of near-to-practice NFCs includes the following 29 species: miscanthus (L), giant reed (L),
Ethiopian mustard (carinata) (O), rapeseed HEAR (O), crambe (O), cardoon (L/O), hemp (L/O), eucalyptus
(W), sunflower (O), switchgrass (L), poplar (W), willow (W), sorghum (L/C), sugarbeet (energy beet) (C),
camelina (O), flax (O/L), reed canary grass (L), black locust (W), castor (O), safflower (O), guayule (S),
Russian dandelion (S), rosemary (S), peppermint (S), lavender (S), triticale (C), lupin (O/C), calendula (S),
kenaf (L). The present list includes: 5 lignocellulosic species (L), 7 oilseed species (O), 4 woody species (W),
2 carbohydrate species (C), 6 specialty species (S), and 5 multipurpose species (i.e., species which has
multiple uses covering more than one group). A short description and a thorough evaluation of all selected
crops is also reported including: i) production level, ii) suitability to different climatic conditions in Europe
(northern, central and southern area), iii) availability of propagation materials, iv) availability of mechanization
systems, v) recognized interested from the bio-based industries.
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1. Introduction
Starting from the list of NFCs provided in deliverable 1.1, “List of Data sources” which included 93 crops, the
objective of the present deliverable was to identify which are the NFCs near-to-practice. The definition of a
crop near-to-practice could be quite vague but with the collaboration of the other PANACEA partners a
common definition has been agreed as follows “Near-to-practice NFCs are those crops which have shown
scientific results with potential of sustainable production, readily available market of propagation materials
like seed and seedlings and recognized interest from bio-based industries to use the feedstock derived from
NFCs”.

2. Methodology
Assuming that a good starting point for identifying the near-to-practice NFCs would be represented by the
funded European projects, screening the 217 funded projects between 1995 and 2017 about NFCs and
defining a reasonable threshold of at least 5 funded projects per NFC a list of 22 NFCs was identified as
reported below (under brackets there is the belonging crop category for each NFC: L= lignocellolosic
herbaceous; O= oilseed crops; W=lignocellulosic woody species; C= carbohydrate crops, S= specialty
crops):
1.
2.

miscanthus (L),
giant reed (L),

3.
4.

Ethiopian mustard (carinata) (O),
rapeseed HEAR (O),

5.

crambe (O),

6.
7.

cardoon (L/O),
hemp (L/O),

8.
9.

eucalyptus (W),
sunflower (O),

10.
11.

switchgrass (L),
poplar (W),

12.

willow (W),

13.
14.

sorghum (L/C)
sugarbeet (C),

15.
16.

camelina (O),
kenaf (L),

17.
18.

flax (O/L),
reed canary grass (L),

19.

pine (W),

20.
21.

black locust (W),
sage (S),

22.

corn (L)

When sharing this list among the partners of the PANACEA consortium it immediately emerged that this list
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was:



excluding some near-to-practice NFCs, i.e. castor, safflower, lupin, triticale;
including some crops which cannot be considered near-to-practice for the PANACEA criteria, e.g.
pine (species not really cultivated but harvested in nature), and sage (which among others specialty
NFCs has for sure a less developed market);



including some crops which normally enter the food chain, e.g. corn and sunflower, while for
rapeseed we decided to include only the high erucic type, named HEAR rapeseed;



excluding some NFCs from which a strategic interest of the European bio-based industry exists,
e.g. guayule and Russian dandelion (the interest of European bio-based industries for natural
rubber is constantly increasing)



excluding many NFCs belonging to the specialty crop group, thus with the aim to provide a list of
near-to-practice NFCs which covers all the 5 crop categories, additional specialty crops, which
could be considered near-to-practice, were included in the final list, e.g. peppermint, lavender,
rosemary.

In conclusion, the final list of the near-to-practice NFCs includes 29 crops, as reported in the below list:
1. miscanthus (L),
2. giant reed (L),
3. Ethiopian mustard (carinata) (O),
4. rapeseed HEAR (O),
5. crambe (O),
6. cardoon (L/O),
7. hemp (L/O),
8. eucalyptus (W),
9. sunflower (O),
10. switchgrass (L),
11. poplar (W),
12. willow (W),
13. sorghum (L/C)
14. sugarbeet (energy beet) (C),
15. camelina (O),
16. flax (O/L),
17. reed canary grass (L),
18. black locust (W),
19. castor (O)
20. safflower (O)
21. guayule (S)
22. Russian dandelion (S)
23. rosemary (S)
24. peppermint (S)
25. lavender (S)
26. triticale (C)
27. lupin (O/C)
28. calendula (S)
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29. kenaf (L)
This list includes: 5 lignocellulosic species, 7 oilseed species, 4 woody species, 2 carbohydrate species, 6
specialty species, and 5 multipurpose species (i.e., species which has multiple uses covering more than one
category).
For each identified near-to-practice NFC a thorough evaluation of all the specific crop characteristics
included in the PANACEA definition of NFC are reported in table 1. A visual score (red, yellow or green
emoticons) has been reported in relation to the TRL (technology readiness level) associated to each NFC for
each specific characteristic:
i) production level,
ii) suitability to different climatic conditions in Europe (northern, central and southern area),
iii) availability of propagation materials,
iv) availability of mechanization systems,
v) recognized interested from the bio-based industries.
The scores reported in table 1 derive from the knowledge of the partners PANACEA as well as from the
literature review carried out in D1.1 and the outcome analysis of the project results enclosed in D1.1. The
scores range from: TRL >7 (corresponding to

) which is the maximum achievable value for any crop

in any specific characteristic; to TRL <3 (corresponding to

) which identifies a very limited performance

for in that specific characteristic.
About the production level almost all the identified near-to practice NFCs reported very satisfactory yield with
scores of

or

, only rubber accumulating species (i.e. guayule and Russian dandelion) have still

to overcome some barriers on such characteristics, mainly in relation to their “very young” breeding history.
In table 1 the climatic suitability to the different European climates (northern, central and southern) has been
reported for all the identified near-to-practice NFCs, with the aim to identify the growing areas in which each
crop could be cultivated to achieve satisfactory yields. It appeared evident that for some crops, e.g. poplar,
willow, rapeseed HEAR, camelina, etc., the availability of different genotypes with wide environmental
suitability enlarges their potential growing area to the whole Europe. Otherwise for other NFCs (e.g., castor,
safflower and guayule) the suitable growing areas in Europe are limited due to intrinsic climatic
requirements, especially linked to temperature request, which allows their cultivation only in restricted areas
of southern Europe.
The availability of propagation materials (i.e., seeds, rhizomes, etc.) at commercial scale is for sure one of
the main barriers for the real establishment of NFCs. Since this characteristic has been considered as one of
the main driving forces for identifying near-to-practice NFCs, the selected species have at least a

score,

which identifies species for which genetic material is generally available but it is regulated by commercial
agreements with breeders and seed companies linked to specific end-uses.
The possibility to adopt available mechanization systems to manage NFCs represents an outstanding
advantage for new crops which want to enter the typical European farming systems. Fortunately, for the
majority of identified near-to-practice NFCs the mechanization systems are already available on the market
or those for stable crops could be successfully used also to manage the NFCs.
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Finally, the recognized interest of the bio-based industry represented a clear cut off between NFCs and
NFCs near-to-practice. Only with a strong and participatory interested from the bio-based industry the real
development of NFCs could take place. Among the identified near-to-practice NFCs some are characterized
by producing large amounts of feedstock which could be used in many different applications, e.g. woody and
lignocellulosic biomass could be valorized as first- or second-generation biofuels, or as building material, but
also for sourcing innovative compounds through chemical transformations. Otherwise, other NFCs, like
guayule and Russian dandelion, can source unique raw material, like natural rubber, which represents a very
strategic feedstock for Europe, without any possible substitute. Furthermore, among identified near-topractice oilseed NFCs same (e.g., safflower, sunflower, lupin, cardoon, and rapeseed HEAR) can source
multi-purpose oils, which could be valorized for different oleochemical transformations, while other, such as
castor, flax and camelina oils own a peculiar chemical composition allowing very niche and high added-value
industrial uses.

8

Table 1. List of NFCs near-to practice. For each crop it is reported the type (L= lignocellulosic, W= woody, O= oilseed, C= carbohydrate, S=
specialty) and a visual score (green

, yellow

and red

emoticon) associated to the TRL for each specific characteristic included in the

PANACEA definition of NFCs.

NFC
near-to-practice

Type Production Climatic suitability to
level
Europe

N
Miscanthus

L

Giant Reed

L

Ethiopian Mustard

O

Rapeseed HEAR

O

Crambe

O

Cardoon

L/O

Hemp

L/O

Lupin
Eucalyptus
Sunflower
Switchgrass
Poplar
Willow
Sorghum
Sugarbeet
Camelina
Flax

C/O
W
O
L
W
W
L/C
C
O
O/L

Reed Canary Grass

L

Black Locust

W

C

S

Availability of
propagation
materials

Availability of
mechanization
systems

Recognized
interest from
bio-based
industries
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Castor

O

Kenaf

L

Safflower

O

Guayule

S

Calendula

S

Russian Dandelion

S

Rosemary

S

Peppermint

S

Lavender
Triticale

S
C

= TRL >7, industrial production already available at commercial scale
= 5<TRL>7, production available at demo scale
= 3<TRL>5, from research to production development
= TRL<3, only basic research data available
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3. Short description of the identified near-to-practice NFCs
Near-to-practice
NFCs

Type

Description
Perennial rhizomatous C4 grass, native to East Asia, with high
biomass yield potential. Miscanthus x giganteus is presently the only

Miscanthus

L

commercially grown miscanthus genotype, which is a triploid, sterile
hybrid between M. sinensis and M. sacchariflorus. It’s commonly
vegetative propagated but seed propagation has recently started at
commercial scale. Miscanthus biomass has valuable applications in
different end-uses mainly related to energy production.
Perennial rhizomatous C3 warm-season grass native to Asia,

Giant Reed

L

endemic in Mediterranean areas. Erect and caespitose plant, 2-5 m
tall. Sterile plant, propagate exclusively by vegetative propagules
(rhizomes, stem cuttings, node cuttings). It can thrive in hot, drought
prone environments, as well as wetter habitats, under salinity, steep
slopes, poor soil texture and contaminated soil.
Belonging to the Brassicaceae family, Ethiopian mustard is a low
input crop, very tolerant to different biotic and abiotic stresses, and to

Ethiopian
Mustard

O

seed shattering. Plants are highly vigorous and they can present both
white and yellow flowers. Despite being a spring crop in mild
environments it could be grown also as a winter crop. Seeds contain
up to 35% in oil and up to 30% in protein. The oil is rich in erucic acid
(C22:1>40%).
Belonging to the Brassicaceae family, HEAR is defined as high erucic
acid rapeseed, which oils can be used in many non-food applications.
HEAR is very similar to 00 rapeseed in terms of agronomic needs

Rapeseed HEAR

O

and seed production. The majority of HEAR varieties are winter type
and they are well adapted to continental Europe climate, where they
-1

can achieve oil production > 2 Mg ha . The protein fraction of the
seed is free from glucosinolates thus it could be used for animal
feeding.
Belonging to the Brassicaceae family, crambe is the species with the
highest content of erucic acid in its oil (>55%). Crambe is a low-input

Crambe

O

spring crop well suited to drought environments. Plants are up to 1.2
m tall, and the seeds are singly enclosed in their pods, which are
indehiscent. Crambe seeds are very rich in glucosinolates.
Perennial C3 plant belonging to the Compositae (Asteraceae) family,
native to Mediterranean region. It is a good candidate to be grown in

Cardoon

L/O

the dry lands of the Mediterranean region as a multipurpose crop
since from the harvested biomass it is possible to obtain
lignocellulosic feedstock, while from the seeds it is derived a valuable
oil with many non-food applications.
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C3 annual warm-season plant belonging to the Cannabaceae family,
adapted to a wide range of environments. It’s a typical multi-purpose
crop being able to produce lignocellulosic biomass and oil from the

Hemp

L/O

seeds. Naturally it is dioecious, with the male plants that are taller
and that come to flower earlier that the female ones. Monoecious
varieties have been recently selected to reduce some agronomic
problems such as an efficient mechanization for harvesting the
seeds, and the lower fibre quality and yield losses encountered when
harvesting dioecious varieties at seed maturity.
Lupin includes diverse species both from the “old world lupin”, like
white, yellow and blue lupin, already widely grown in Europe, and
“new world lupin”, like Andean lupin (L. mutabilis). Lupin is a C3
leguminous species, which is able to grow on acidic soils, and it is

Lupin

C/O

widely adaptable to different climates in Europe. Carbohydrate,
protein and oil contents are variable in the different types, but lupin is
widely recognized as an interesting raw material for different biobased applications. Furthermore, lupin is rich in alkaloids which are
considered valuable molecules for pharmaceutical uses.
Eucalyptus is a highly adaptive and fast-growing C3 tree species
from the Myrtaceae family. With most than 700 subspecies, mainly
native from Australia is very well implemented in Mediterranean

Eucalyptus

W

Europe, mainly in the Iberic Peninsula. Adult plants attain a height of
up to 90 m. Eucalyptus species can be grown successfully not only in
the regions where they occur naturally, but in the most parts of the
tropics, subtropics and warm temperate zones.
Annual spring crop belonging to the Compositae (Asteraceae) family.

Sunflower

O

Native to central America it’s widely grown in whole southern Europe,
where it is the most widespread oilseed species. Characterized by
very high drought tolerance it could grow under rain fed conditions in
southern Europe. The oils of high oleic sunflower hybrids represent a
valuable raw material for many oleochemical processes.
Perennial herbaceous C4 warm-season grass native to Northern
America. Erect and bushy plant, 1-3 m tall. Associated to their

Switchgrass

L

latitudinal origin, cultivars of switchgrass can placed into two distinct
ecotypes: upland and lowland. Upland ecotypes are better adapted to
the drier and colder habitats, while lowlands tends to thrive in
warmer, wetter habitats.
It it a genus of 25–35 species of deciduous flowering woody plants in
the family Salicaceae, native to most of the Northern Hemisphere. It

Poplar

W

is a widely adaptable and fast-growing species, normally propogated
by cuttings. Plant can grow up to 50 m tall. For non-food purposes it
is often grown as short-rotation coppice for two to five years, with
multiple stems and able to achieve very high yield of lignocellulosic
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biomass.
Genus of deciduous woody plants includes 350-370 species. Most
willow species can be easily reproduced with winter cuttings. For
energy feedstock, fast-growing cultivars of Salix viminalis L. and

Willow

W

closely related species are grown. Willow does not require rich soil, it
can grow in low-fertile and acidic soils but requires moisture.
Plantations of energy willow should be established in the areas of
adequate moisture, floodplains, and other places with high levels of
groundwater.
Belonging to the Poaceae family it is a C4 crop. Sorghum bicolor is a
multipurpose species, native to Africa and able to grown worldwide in
mild environments. It is a very drought tolerance species,

Sorghum

L/C

characterized by very low water requirements, but sensitive to low
temperatures. Some varieties have been selected to produce sugar
(sweet sorghum), others to produce high amount of lignocellulosic
biomass (biomass sorghum and fiber sorghum).
Due to the high concentration of sucrose in roots, sugar beet is
grown as a feedstock for sugar and ethanol production. Sugar beet is
a biennial species which can grow worldwide in regions without

Sugar beet

C

severe frosts. It prefers relatively cool temperature between 15 and
19 °C. The ancestors being coastal plants, sugar beet tolerates
saline soil and drought. The crop grows best in rich soils with
additional introduction of Sodium and Boron.
Annual C3 crop native to Eurasia. Plants are erect (0.8-1.2 m tall).
Each branch terminates in a raceme with yellow flowers typical of
Brassicaceae family. Up to 10-12 seeds are enclosed in a "pear-

Camelina

O

shape" silique. Individual seed weight is below 1.5 mg. Both spring
and winter biotypes are available in the market. Seeds contain up to
42% of oil and up to 30% of protein. Camelina oil is very rich in
polyunsaturated fatty acids, with a composition like flax.
Annual C3 crop multi-purpose species able to produce oil from the
seed and fiber from the stem. It is native to Mediterranean and middle

Flax

O/L

east Asia; it is widely grown in areas with mild spring/summer
temperature. Panicle with numerous branches terminated with mostly
blue and white flowers. Fruit - capsules with up to 10 seeds. Mostly
spring crop available in market, but winter type exists too, even if it
just for oil production.
Native species growing in Europa as well in North America and Asia.
Grass is a sod- forming, productive, vigorous, perennial (up to 7

Reed
Grass

Canary

L

years rotation). Plant have dominantly basal broad and moderately
harsh, erect leaves on coarse, erect stems. Height of 1,5 to 2 m. It’s
seed-propagated. It’s is well suited to wet soils that are poorly
drained or subject to flooding and survives well in drought, it also has
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excellent frost tolerance. It could be used as solid biofuels fresh
biomass for biogas production. Regrowth after grazing and/ or
mowing is very rapid on fertile sites and good on poor sites.

Medium-sized

hardwood

deciduous

tree

belonging

to

the

Leguminosae family. Native to Eastern USA, it’s now become
endemic to a few small areas of the USA, but it’s currently
widespread elsewhere in temperate areas. Some have named it an

Black Locust

W

“invasive” tree given its rapid growth and willingness to spread by
seed and root suckering, others see these characteristics as
advantageous, if only populations are properly managed to harness
these qualities. Plants can be up to 30 m tall and are vegetative
propagated. It could grow well under marginal and sandy soils.
Belonging to the Euphorbiaceae family, castor grows spontaneously
in the whole Mediterranean region. Castor plant can grow up to 2 m

Castor

O

tall, but the selection of shorter plants has been recently carried out
for mechanical harvesting. It’s a spring crop very exigent in
temperature, but able to grow under low water availability. Castor
seeds contain up to 50% oil, which is mostly (about 90%) constituted
by ricinoleic acid, which is a hydroxy fatty acid with outstanding
applications in the bio-based industry.
Belonging to the Malvaceae family, kenaf is a C3 species native of

Kenaf

L

Africa. Plants can grow up to 4 m tall, with very high biomass yield
especially if supplementary irrigation is applied, at least 450 mm of
water are necessary for attaining satisfactory yields (>50 Mg DM ha

-

1

). Kenaf is well suited to southern Europe, and requires temperature
higher than 8°C to germinate and higher than 16°C to grow actively.
Annual crop belonging to the Compositae (Asteraceae) family. Both

Safflower

O

winter and spring varieties are available on the market. Plants are
vigorous, with or without spines, and able to grow in marginal areas
with low precipitation availability. As sunflower both high linoleic and
high oleic varieties exit allowing different applications of the derived
oil.
Perennial shrub belonging to the Compositae (Asteraceae) family.
Native to center America it can grow in desertic areas. Plants can

Guayule

S

grow up to 1 m tall. It is propagated by seeds, but at commercial
scale it is often transplanted. Rubber is contained in the stems and in
the tap root. Areal biomass it’s harvested every 2 years after
establishment and then plants can regrow in the next season.
Guayule rubber is rich on low molecular weight molecules thus
permitting different bio-based applications.
Annual

Calendula

S

or

perennial

species

belonging

to

the

Compositae

(Asteraceae) family. Native to the Mediterranean region, calendula is
well suited to areas with mild climate and water availability, but it is
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quite susceptible to diseases, i.e., powdery mildew. Calendula’s main
commercial value lies in the flowers used in medicinal and cosmetic
preparations. Farmers feed the flowers to laying hens to deepen the
colour of the egg yolk. The potential of the seed oil for industrial
applications has been explored and development of the crop for this
purpose is close to commercialization.
Perennial plant belonging to the Compositae (Asteraceae) family.
Native to Kazakhstan, it can grow easily under temperate climates,

Russian
Dandelion

S

where adequate precipitation level is available. It could be
propagated both by seeds and transplanted. Rubber and inulin are
accumulated in the tap root, natural rubber content is in the range of
3 to 15%.
It’s a woody, perennial shrub with fragrant, evergreen, needle-like
leaves native to the Mediterranean region. It’s reasonably hardy in

Rosemary

S

cool climates. It can withstand droughts, surviving a severe lack of
water for lengthy periods. Forms range from upright to trailing; the
upright forms can reach 1.5 m tall. Apart from the traditional use as
herb, nowadays the essential oil of rosemary is used as food
preservative.
Belonging to the Lamiaceae family, it is an hybrid mint, indigenous
to Europe and the Middle East. It’s now widely spread and cultivated

Peppermint

S

in many regions of the world. It’s a herbaceous rhizomatous perennial
plant that grows to be 30–90 cm tall, with smooth stems, square in
cross section. Typically occurs in moist habitats, including stream
sides and drainage ditches. Being a hybrid, it is usually sterile,
producing no seeds and reproducing only vegetatively, spreading by
its runners.
Small,

non-hardy

perennial

evergreen

shrub

native

to

the

Mediterranean, with a typical productive life of about 10 years. It can
grow on coarse, rocky soils, and coastal climates. Commercially, the

Lavender

S

plant is grown mainly for the production of essential oil of lavender.
This has antiseptic and anti-inflammatory properties, and can be
used as a natural mosquito repellent. Lavender oil is also widely used
in the cosmetic industry.
Belonging to the Poaceae family it’s a hybrid between wheat and
rye. It combines the yield potential and grain quality of wheat with

Triticale

C

the disease and environmental tolerance (including soil conditions) of
rye. Its high yield potential gives triticale the possibility to be widely
adapted to European climates. Triticale harvested biomass could be
used for biogas production or fermented for sourcing bioethanol.
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