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Introduction
Non-food crops are considered those that do not enter the food chains and are used to produce a
wide range of bio- based products including polymers, lubricants, construction materials, pharmaceuticals, as well as bioenergy and fuels. Currently, a wide range of such crops can be found in EU, targeting the production of biobased products and bioenergy.

Figure 1 Non-food crops in PANACEA

Why non-food crops?
Agricultural crops are traditionally grown to supply food and animal feed markets, but now plants are
increasingly being used to provide raw materials for non-food industries such as energy, fuels and
biobased materials. Non-food crops can be used to make a wide range of products, such as:


Bio-heat, bio-electricity, biofuels



lubricants and waxes



surfactants, i.e. wetting agents



surface/paper coatings, printing inks



pharmaceuticals, nutritional supplements, cosmetics, essential oils



fragrances, flavourings



dyes, adhesives



packaging/compostable plastics



building materials



biocomposites
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Many of these uses are driven by environmental concerns and government sustainability targets. For
example, oleochemicals derived from plant and animal fats offer a renewable alternative to petrochemicals.
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Training objectives and structure
The aim of this task is to develop training material for agronomists and students which will be used in
the training courses of the project (Task 4.2, 4.3 & 4.4) for the relevant stakeholders.
It consists of a set of five briefings with tailored narratives and will be available in paper and online in
the project website.
During the second half of the period it will be translated and adjusted according to the participating
countries’ specificities in a language easily understandable for the agronomists and students.
The adjusted training material will also be distributed on both regional/national and EU value chain
events.
The training is structured in three parts with subsequent learning objectives:


Part A aims to help trainees understand current state for non-food crops as raw material for
bioeconomy in Europe. The data and information presented is based on literature and initial
PANACEA findings from respective work in WPs 1,2 and 3 and covers: i) agronomy and cultivation practices, ii) farmers’ interests (based on the PANACEA survey), iii) end use markets,
iv) strengths and opportunities for their future market deployment and v) networking and
knowledge diffusion at local level to disseminate information and create the knowledge base
for non-food crop crops.



Part B aims to engage trainees in group discussions and interdisciplinary thinking through
group exercises.

Figure 2 Structure of the training for non- food crops


Part C aims to offer trainees the option to work on and present a case study reporting on the
group’s analysis, synthesis & evaluation of non-food crops as raw material for bioeconomy in
your country/ region.

9

PANACEA. Non Food Crops For a EU Bioeconomy

New strategies for the development and promotion of NFC in Europe

This report provides the training material for Part A and also includes a set of two group exercise suggestions: i) design non-food crop value chain and ii) develop policy for non-food crop value chains.
These will be updated in the final version of the deliverable based on the trainings in the participating
countries and the multi-actor forums.
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PART A: UNDERSTANDING CURRENT STATE FOR NON-FOOD
CROPS
Agronomy and cultivation practices of non-food crops
An industrial crop, also called a non-food crop, is a crop grown to produce goods for manufacturing,
1
for example of fibre for clothing, rather than food for consumption .
In the training material presented in this version of the deliverable the following crops are considered:
a. Oil: Castor, Camelina; b. Carbohydrate: Sweet Sorghum; c. Lignocellulosic: Switchgrass, Miscanthus and d. Specialty: Peppermint, Calendula
In the final update the training material will include all non-food crops identified by the PANACEA consortium and will also include regional and national specificities as identified during the training events
and the multi- actor forums.

The final list of the near-to-practice NFCs includes 29 crops (in bold are the ones described in this
version of Deliverable 4.1), as reported in the list below:
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),
1

Cruz, Von Mark V.; Dierig, David A. (2014). Industrial Crops: Breeding for BioEnergy and Bioproducts. Springer. pp. 9 and
passim. ISBN 978-1-4939-1447-0.
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17. reed canary grass (L),
18. black locust (W),
19. castor (O)
20. safflower (O)
21. guayule (S)
22. Russian dandelion (S)
23. rosemary (S)
24. peppermint (S)
25. lavender (S)
26. triticale (C)
27. kenaf (L)
28. lupin (C/O)
29. calendula (S)

This list includes: four lignocellulosic species (L), seven oilseed species (O), four woody species (W),
two carbohydrate species (C), five specialty species (S), and four multipurpose species (i.e., species
which has multiple uses covering more than one group).
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Oil crops
Oil crops include both annual (usually called oilseeds) and perennial plants whose seeds, fruits or
mesocarp and nuts are valued mainly for the edible or industrial oils that are extracted from them.
Only 5-6 percent of the world production of oil crops is used for seed (oilseeds) and animal feed, while
about 8 percent is used for food. The remaining 86 percent is processed into oil.
The oil content of these crops varies widely. It ranges from as low as 10-15 percent of the weight of
coconuts to over 50 percent of the weight of sesame seeds and palm kernels. Carbohydrates, mainly
polysaccharides, range from 15 to 30 percent in the oilseeds, but are generally lower in other oilbearing crops. The protein content is very high in soybeans, at up to 40 percent, but is much lower in
many other oilseeds, at 15-25 percent, and is lower still in some other oil-bearing crops.
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Castor

Photos: University of Bologna, Italy

Castor grows spontaneously in the whole Mediterranean region. Castor plant can grow up to 2 m 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.

Where can it be grown?
It is a hardy crop and can be grown in a wide range of warm regions with a rainfall of 250-750 mm. It
o
performs best in moderate temperature (20-26 C). It can grow on marginal sites due to high tolerance
2
for growth in harsh environmental conditions such as drought, heat and saline soil conditions (1).It is
considered appropriate for dry farming. It is not yet cultivated in Europe even though it is suitable for
the Mediterranean region.
What is castor used for?
Castor is high oil-yielding crop and oil content of castor seeds is around 48%. It has good future potential to be an industrial oilseed crop because of its high seed oil content (more than 480 g kg–1),
unique fatty acid composition (900 g kg–1 of ricinoleic acid), potentially high oil yields (1250–2500 L
3
per ha (2). The importance of castor oil arises from its richness (85%) in ricinoleic acid (12-hydroxy 94
octadecenoic acid). Castor oil has numerous chemical and medicinal applications (3) and has more
than 700 uses. It is mainly used for lubricants, but also for polymers such as polyurethanes.
Production Cycle
Castor plant requires 140–180 days growing season and not resistant to frost. Irrigated crops require
2–3.5 acre-feet of water to produce satisfactory yields. The best yield from fertile, sandy, clay loam,
well-drained soils which are neither alkaline nor saline.
2

Laureti, D., Fedeli, A. M., Scarpa, G. M., & Marras, G. F. (1998). Performance of castor (Ricinus communis L.) cultivars in
Italy. Industrial Crops and Products, 7(2-3), 91-93.
3

Severino, L. S., Auld, D. L., Baldanzi, M., Cândido, M. J., Chen, G., Crosby, W., ... & Machado, O. L. (2012). A review on the
challenges for increased production of castor. Agronomy journal, 104(4), 853-880.
4

Zanetti F, Monti A, Berti MTJIC, Products. Challenges and opportunities for new industrial oilseed crops in EU-27: A review.
2013;50:580-95.
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Establishment/Sowing
The crop is resistant to drought but when its sown at the beginning of monsoon it is easily established. India is the major producer of castor crop therefore July and August are the planting season
and it can be harvested n about 6 months. However, sowing can be done up to first fortnight of August without reduction in yield under irrigated condition. Castor requires well pulverised seed bed with
loose sub-soil up to 45cm depth. Weed control is very essential both pre and post emergence of
plant. After the seedbed is prepared for mechanical sowing the plants are sowed in rows 1 m apart, 47.5 cm deep and 25-50cm apart within the rows. The seeding rate of 11.2 to 15.7 kg/ha.
Inputs
Castor can grow on wide range of soils most suitable soils for sowing are deep (up to 2 m) moderately
fertile, well drained, sandy loams and slightly acidic conditions. It can be grown on soil with pH range
of 5-8. Castor requires large amount of base fertilizer for high yield. According to the study done in
India, the recommended dose is 40 Kg N, 40 Kg P and 20 Kg K per hectare (4). For the optimum
high
yield
castor
plants
requires
20.6
to
24.7
cm/ha
of
water
annually.
http://www.oilseedcrops.org/castor-bean/ )
Nutrients
5

The crop requires the optimal nitrogen dose of 300 kg N ha−1 (5) to give the highest yield of 5.9 and
5.8 t ha−1.
Pests and Diseases
Capsule borer and Castor semi looper are pests commonly found in species in India. In Tanganyika
damage by capsid and myrid bugs are a limiting factor causing immature fruit to drop. Green stinkbugs, leaf-hoppers, leaf-miners and grasshoppers are pests that feed on the leaves. Most insects
may be controlled by insecticides. Because some of the varieties are quite tall, wind storms are a
potential hazard to a crop. High humidity contributes to the development of diseases.
Harvesting
120 -150 days is needed for the crop to reach maturity. The harvesting should be done usually first
half of September (in south Europe)when the capsules are yellow-brown. The seeds do not mature at
the same time and in most of the cases the plantations should be sprayed in order the growth to be
stopped and the harvesting to be scheduled. Castor seeds are very susceptible to cracking and splitting at the maturity stage.
Storage
After the harvest the castor seed will be dried to 9% or less for safe storage and to main good quality.
Crop Productivity/Yield
Seed yields vary according to the cultivated variety/hybrid and the cultivation site from 2 to 5 t/ha.

5

Xue, X., Mai, W., Zhao, Z., Zhang, K., & Tian, C. (2017). Optimized nitrogen fertilizer application enhances absorption of soil
nitrogen and yield of castor with drip irrigation under mulch film. Industrial crops and products, 95, 156-162.
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Crop performance associated to the TRL for each specific characteristic included in the PANACEA definition of NFCs.

Strengths & opportunities

Strengths

Adaptability

Opportunities

Tolerance to
stress
and
pest, diseases

High ricinole- Adaptable in
ic.
wide range
of soils and
Crop
yield climatic
varies, and conditions.
Seed Yield Optimum
can be up to conditions
4.4 t ha-1.
are
well
drained,
moderately
fertile, sandy
loams.
Tolerant to
drought, heat
and
saline
soil
conditions but not
resistant to
frost.
Requires weed,
pest
and
disease
control.

Inputs
re- Ecological
quirement
benefits
(water,
nutrients,
pesticides,
herbicides)

End-uses

High fertiliser
input for high
yield.
The
optimal does
of N fertiliser
is 300 Kg
N/ha.

Cosmetic,
pharmaceutical, paints,
resins, anticorrosive,
emulsifiers,
surfactant,
hydraulic
fluids,
bio
lubricants,
polyurethanes, PVC,
nylon.

Carbon
sequestration.
Phytoremediation.
High
energy use
efficiency.
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Camelina

Photos: University of Bologna, Italy

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 "pearshape" 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.
Where can it be grown?
Camelina is very fast growing and it has short crop cycle. Improved varieties of camelina varieties are
available on the market making it widely adaptability and drought resistant.
What is camelina used for?
Camelina has high oil content of 35-38%, desirable lipid composition, novel traits from genetic engineering, and ability to grow in low-input farming systems. Camelina has an oil profile of n-6:n-3 ratio
which makes its very healthy oil.
Considering these factors camelina could have a strong future as a genetically engineered crop (GE)
producing high-value compounds (e.g. omega-3- fatty acids) or as a part of sustainable crop produc6
tion systems, as winter cover crop (6)or even as biofuels.
Production Cycle
Camelina is a short-season crop and it requires 85-100 days. It grows well in light and medium fertile
soils. It can be used as rotation crops with other legumes ore cereals.
Establishment/Sowing
Seeds can be sown in spring. Seedlings can tolerate mild frosts and germinates well at temperate of
o
36-38 F. The seeding rate for camelina is 3-4 kg/ha and sown at 1cm depth and in rows with interval
of 12- 20 cm.

6

Rizzitello, R. C. (2016). Ecological Risks and Benefits from the Novel Crop Camelina sativa (L.) Crantz (Camelina).
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Inputs
Camelina is low input crop and can survive with little water and fertilizer. The average amount of energy used for the production of 1 Mg of camelina seeds is 12.17 GJ Mg−1 and the average energy
7
gain from production of camelina is 56.33 GJ ha−1 (7).

Nutrients
The camelina crop requires the optimal nitrogen dose of 185 kg N ha−1 (Solis et al., 2013). Higher
8
nitrogen use efficiency than rapeseed (8).
Pests and Diseases
Camelina is pest resistance and low maintenance crop. It is not a competitive crop therefore some
9
herbicides are needed to be used to control the perennial weeds. Camelina is tolerant to insects (9),
10
and diseases (10) therefore it does not require pesticides. Camelina farm though needs management techniques to control mildew and slugs.
Harvesting
Camelina is planted in early spring and harvested in late July most years. Camelina can be seeded
and harvested with conventional farm equipment which makes it easier for farmers to adopt. When
the pods turn yellow-brown they can be harvested.
Storage
Optimum seed moisture content is 8.5%.
Crop Productivity/Yield
Seed yield is approx. 1.5 Mg ha−1 dry matter, and it can reach as much as 3 Mg ha−1 dry matter in
favourable conditions (7).

Crop performance associated to the TRL for each specific characteristic included in the PANACEA definition of NFCs.

7

Stolarski, M. J., Krzyżaniak, M., Kwiatkowski, J., Tworkowski, J., & Szczukowski, S. (2018). Energy and economic efficiency
of camelina and crambe biomass production on a large-scale farm in north-eastern Poland. Energy, 150, 770-780.
8

Solis, A., Vidal, I., Paulino, L., Johnson, B. L., & Berti, M. T. (2013). Camelina seed yield response to nitrogen, sulfur, and
phosphorus fertilizer in South Central Chile. Industrial Crops and Products, 44, 132-138.
9

Gugel, R. K., & Falk, K. C. (2006). Agronomic and seed quality evaluation of Camelina sativa in western Canada. Canadian
journal of plant science, 86(4), 1047-1058.
10

Séguin-Swartz, G., Eynck, C., Gugel, R. K., Strelkov, S. E., Olivier, C. Y., Li, J. L., ... & Falk, K. C. (2009). Diseases of
Camelina sativa (false flax). Canadian Journal of Plant Pathology, 31(4), 375-386.
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Strengths & Opportunities

Strengths

Adaptability

Opportunities

Tolerance
to
stress
and
pest,
diseases

High
α- Wide
linolenic
adaptability
to different
Seed yield soil
and
can be up climate.
to
3
tonne/ha
dry matter
in favourable conditions.
Fast growing crop.

Inputs
requirement
(water,
nutrients,
pesticides,
herbicides)

Ecological
benefits

Pest
and Resistant to
disease
drought.
resistant.
Low input
crop
and
survive
in
low
water
Requires
weed con- and fertilizer
input conditrol.
tions. (31)

End-uses

RED
Directive

Supports
Advanced
biodiversity Biofuels
as it is a
forage
resource
(nectar and
pollen). Can
prevent soil
erosion an
act
as
winter cover
crops.
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Carbohydrate crops
The term "carbohydrate" describes a family of contributing compounds, all constructed from the same
monosaccharide building blocks, ranging from the simple sugars, or mono and disaccharides, through
sugar alcohols, oligosaccharides and dextrins, to the more complex starch and non-starch polysaccharides. Most of the cultivated crops contain carbohydrate in one form or another; however, those of
interest are those that can store it in a form which can be extracted at a later date.
Carbohydrate crops include cereals, sugar, root crops.

In Europe, at present, the major carbohydrate sources are wheat, maize, sugar beet and chicory although only a small proportion of the total grown area is for industrial purposes.
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Sweet sorghum

Photos: CRES, Greece

Sorghum is an annual herbaceous spring C4 crop with erect stems that can reach 5 m height. The
stems are large with a diameter up to 5cm and are consist of alternating nodes and internodes and
each node supporting one leaf. Each stem can produce up to 30 leaves (30 -35 cm long and 1.3-15
cm wide). At the flowering one panicle is being developed on the top of each stem. The panicles can
greatly vary in terms of color, size (short, compact, lose or open) and seed production.
Where can it be grown?
Sweet sorghum is well-adapted to marginal growing conditions such as water deficits, water logging,
salinity, alkalinity, and heat waves. It can be cultivated throughout most of Europe, but the limiting
factor is temperature. Therefore, Southern Europe with warm summer, Mediterranean climate is more
suitable.

What is sorghum used for?
Sweet sorghum is multipurpose plant. Its seeds can be used as animal feeds and stalks as building
materials. The whole crop, its juice, seeds and bagasse can be used to generate biofuel.

Production Cycle
Sweet sorghum growth cycle is short therefore allows double cropping. It is sown anytime between
February till May and requires approximately 100 days to harvest. Sorghum yield increases in rotational cropping system. Growing sorghum and groundnut in intercrop enhances land use efficiency
11
and increases monetary returns (11).

Establishment/Sowing
It can be easily established with seeds. The crop prefers deep black soil or deep red loamy soil and
with soil depth of 1m. To obtain the high plant height as well as high sugar content the crop should be
sown from March to June. Late sowing in July attracts the shoot fly and sowing in cold months is not
favourable. Spacing between two rows should be 45-60cm and between two plants is 12-15cm. Seed
rate is 8-10 kg per hectare and if planter is used it can be reduced to 8kg. Each planting hole has 2/3
seeds which are to be thinned to one plant her hole.

11

Maman, N., Dicko, M. K., Gonda, A., & Wortmann, C. S. (2017). Sorghum and groundnut sole and intercrop nutrient
response in semi-arid West Africa. Agronomy Journal, 109(6), 2907-2917.
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Inputs
Water use efficiency is high. It requires very less water and can also be grown as rain-fed crop. However, irrigation is required if there is no rainfall right after sowing and during critical crop growth stages. Silification on sorghum roots makes the species drought resistance.

Nutrients
Nutrient use efficiency is high. The sorghum crop can produce high biomass yields with low nitrogen
input. Fertilizer requirement is very little and easy crop management. Sorghum have been able to
meet peak N needs along growth by draining excessive soil nitrogen and to perform yields of about 20
Mg fry weight ha−1, by simply tapping existing soil reserves. Significant amount of P and K is removed during harvesting of the crop, therefore for a sustainable crop production enough fertilizer
needs to be added to offset the removal.

Pests and Diseases
Sorghum needs integrated pest management system to protect from pests and diseases. One of the
way is crop rotation with non-grass crops such as soybean. Different varieties of sorghum are susceptible to different diseases.

Harvesting
Harvesting can be done between July and October and with simple machines which separates and
grains from the plant. It can also be harvested manually. The harvester cuts the stalks into pieces
ranging from 150 to 200 mm. Sweet sorghum’s once harvested sugar starts to degrade therefore the
sugar extraction needs to be immediately done. This reduces the flexibility and increase the transportation costs. Sorghum can also be harvested by crop desiccation to maximise the yield through assimilation of carbohydrate in the seed and the moisture is stored in soil for next crop use.

Storage
Sorghum grain moisture content should be less than 13.5% for long term storage. Sorghum juice is
concentrated to syrup for storage to stabilize the juice to reduce sugar loss. Syrup can be stored in
tanks for up to 9 months without loss of quality before they can be used as feedstock for ethanol production.

Crop Productivity/Yield
Sweet Sorghum can yield more ethanol compared to other energy crops like corn, sugar beet. Crop
yield potential is 7.6- Mg/ha and ethanol yield potential of sorghum is 3560 L/ha (12). Similarly, anoth12
er research by shows that the crop yield potential is 13, 600 L per ha. (13).

Crop performance associated to the TRL for each specific characteristic included in the PANACEA definition of NFCs.

12

Barcelos, C. A., Maeda, R. N., Santa Anna, L. M. M., & Pereira Jr, N. (2016). Sweet sorghum as a whole-crop feedstock for
ethanol production. Biomass and bioenergy, 94, 46-56.13. Barcelos CA, Maeda RN, Santa Anna LMM, Pereira Jr NJB, Bioenergy.
Sweet sorghum as a whole-crop feedstock for ethanol production. 2016;94:46-56.
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Triticale

Source: cropwatch.unl.edu

Winter Triticale (Presto)

Source: http://www.triticale-infosinfos.eu/

Source: greencoverseed.com

Belonging to the Poaceae family it’s a hybrid between wheat and rye. It combines the yield potential
and grain quality of wheat with 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.

Where can it be grown?
Poland, Germany, Belarus, France, and the Russian Federation representing the top five producers,
accounting for almost 80% of world production. It can be grown in both acidic and alkaline soil condition. It also survives the water-logged conditions.

What is triticale used for?
Triticale is versatile crop. It has high starch content and a low content of soluble polysaccharides and
13
proteins and is therefore considered to be ideal for bioethanol production (14). It can also be used
as a forage as an alternative source of protein.
Production Cycle
Triticale production cycle is similar to wheat and grows in spring and matures in early summer. There
are two varieties of triticale- grain only and dual purpose. Grain only varieties perform best in longseason environments.
Establishment/Sowing
Triticale varieties have different sowing period. They can be established from Feb-June. The desired
2
plant density is 150-200 plants her m depending upon the seasonal variation. The seeding rate in
75-100 kg/ha.
Inputs
Triticale adapted to less favourable soil conditions. It is suitable for low input farming because of lower
demands on pesticides application. Triticale is more resistant to drought, pest and diseases and offers
13

Frigon JC, Guiot SRJB, Bioproducts, Biorefining. Biomethane production from starch and lignocellulosic crops: a
comparative review. 2010;4(4):447-58.
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more competition to weeds compared to wheat, therefore making it a best option. Control weeding is
required before the crop grows out of the ground. However sometimes triticale is susceptible to yellow
rust, powdery mildew (15).
Nutrients
Triticale is nitrogen efficient and it was concluded that the nitrogen intake can be reduced by 40 kg
N/ha compared to wheat to reduce the problem of lodging. Triticale has shown higher yield, 8% higher
compared to wheat in similar condition (15).
Pests and Diseases
In the spring variety of triticale, ergot is the most serious disease, and this can cause health problems
in animals. In winter variety of the crop, scab is more prevalent. To prevent scab from reoccurring
triticale planting should be avoided for two years in a row. Leaf rust is also more severe on triticale.
Triticale grows slower than wheat therefore it needs certain level of weed management and seed bed
needs to be prepared well for its rapid germination.
Pollination
Triticale is the cross of wheat and rye. Therefore, it is self-pollinating crop like wheat and does not
cross pollinate like rye.
Harvesting
Harvesting should be done timely to avoid sprouting and usually the time is a week later compared to
wheat. Triticale can be easily thrashed when dry.
Storage
Triticale grain is softer than wheat therefore more prone to attack insects. The moisture content
should be 13% or lower for long term storage. Fumigation prior to storage in sealed silos is effective in
reducing the risk of insect damage when storing triticale.
Crop Productivity/Yield
Triticale crops have a high yield potential. The yield is 9.64 t/ha, 0.6 t/ha higher than the best wheat
variety in average. Triticale is gaining attention as a profitable crop and has 8% high yield advantage
14
when compared with wheat (15).

Crop performance associated to the TRL for each specific characteristic included in the PANACEA
definition of NFCs.

14

Clarke, S., Roques, S., Weightman, R., & Kindred, D. (2016). Project Report No. 556.
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Lignocellulosic crops
15

All fibrous crops are considered lignocellulosic crops : Wood, straw, grasses (miscanthus, reed
grass, reeds) and side streams (sugar cane and palm oil side streams). Targeted pre-processing allows the hydrolysis of lignocellulose into fermentable sugars and other semi-finished or end products,
such as packaging materials.

Miscanthus

Photos: University of Bologna, Italy

Perennial rhizomatous C4 grass, native to East Asia, with high biomass yield potential. Miscanthus x
giganteus is presently the only commercially grown miscanthus genotype, which is a 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 enduses mainly related to energy production.

Where can it be grown?
It widely produced in USA, Canada and European countries. It is suitable in wide range of soils and
best produced is pH between 5.5 and 7.5.
What is Miscanthus used for?
Miscanthus can grow as tall as 3m and its low mineral content and high biomass yield makes its suitable feedstock for both energy (heat, electricity and bioethanol) and non-energy purposes (animal
bedding, paper and bioplastics). It is found to be very beneficial for soil erosion mitigation and allows
high level of carbon storage in soil due to high level of plant residues from above and below ground.
Production Cycle
The crop requires the whole year, it is usually sown in November-January and harvest early spring
the following year. It can repeat the crop cycle in average 15 years. Rhizomes are sensitive to frost
therefore should be planted before the frost period.
Establishment/Sowing
Miscanthus rhizomes are sowed at optimal planting density i.e. 1 to 2 plants /m2.

15

https://www.wur.nl/en/Research-Results/Research-Institutes/food-biobased-research/Researchthemes/Biorefinery/Lignocellulosic-crops.htm
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The first year of the cycle is dedicated to the crop establishment with soil preparation, rhizomes planting (19,000 rhizomes/ha) and chemical weeding. One more chemical weeding is applied the second
year to ensure a good establishment of the crop.
Inputs
Miscanthus needs average input of fertilisers and pesticide. High WUE ‐ but substantial amounts of
water are required to sustain maximum growth.
Nutrients
Nitrogen inputs requirements are minimal and in winter most N remains in roots, rhizomes and litter.
Nitrogen (N) fertilization is necessary mainly on soils with low N content. Nitrogen (N), phosphorus (P)
and calcium (Ca) are about 2–5, 0.3–1.1 and 0.8–1.0 kg per t of dry matter.
Pests and Diseases
16

Miscanthus requires very low use of chemicals for pests, diseases and weed management (16). It is
reported that under European conditions, the pests and diseases is low and only few Miscanthusspecific diseases has been reported like Miscanthus blight. Miscanthus can compete with weeds once
its well established due to its rapid growth.
Harvesting
Harvesting can be done once a year and harvested in the form of 3-4 meters high canes. The harvest
is from November - March/April but also depends from region to region. Harvesting can be carried out
using conventional farm machinery (e.g. self-propelled forage harvesters, etc.), producing either bales
or chipped material. It is labour and cost intensive process. The crop is left in the field for the whole
winter to maximise the nutrients recycling and to reduce the moisture content to around 15%.
Storage
Miscanthus chips can be stored well in covered storage but chips have some drawbacks like its low
bulk density (150 kg m−3), low fuel mass in combustion chambers, and potential bridging and clog17
ging in automated feed systems (17).Pelleting is an option for Miscanthus and the highest pellet bulk
density of 810 g L−1(17) can be achieved. The energy costs of large-scale pellet production can vary
from 40 to 80€ t−1 pelleted biomass, at a capacity of approximately 3 t h−1.
Crop Productivity/Yield
18

The yield of above ground Miscanthus biomass can be up to 16.3 ton dry matter/ha/year (18). In
case of fully established 3-4 m tall miscanthus, the crop yield reaches upto 10-20 ton dry matter per
hectare.
Crop performance associated to the TRL for each specific characteristic included in the PANACEA definition of NFCs.

16

Paschalidou, A., Tsatiris, M., & Kitikidou, K. Perennial vs Annual Energy Crops-SWOT Analysis (Case Study: Greece).

17

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.
18

Dufossé, K., Gabrielle, B., Drouet, J. L., & Bessou, C. (2013). Using agroecosystem modeling to improve the estimates of N
2 O emissions in the life-cycle assessment of biofuels. Waste and biomass valorization, 4(3), 593-606.
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Switchgrass

Photos: University of Bologna, Italy

Perennial herbaceous C4 warm-season grass native to Northern America. Erect and caespitose plant,
1-3 m tall. Associated to their 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.

Where can it be grown?
It has wide climatic adaptability and can be grown in different type of soils and ecological conditions
including marginal land, because of its extensive root system (19).
What is switchgrass used for?
Switchgrass is suitable for bioenergy, bioproducts and biomaterials production. It is excellent low cost
19
feedstock for cellulosic ethanol production (20) , direct combustion for heat and electricity, gasification and pyrolysis. It can be used as cover crop for soil conservation and as fodder crop.
Production Cycle
It is broadly adapted crop in varied environments, it has higher yield with minimum agricultural inputs
and easy to establish from seed.
Establishment/Sowing
Switchgrass is established by seeds and ideal seed density is 9-12 kg/ha. Firm seedbed needs to be
prepared for proper planting depth of 1-2 cm and weed control before sowing. It is established in MayJune. Weeds can sometimes be an obstacle specially during summer. During sowing the soil should
be well drained, medium fertile, pH between 6-8 and temperature should be around 20°C to ensure
the high germination rate. It has tolerance to both moisture deficit and flooded conditions.
Inputs
Switchgrass has high water use efficiency (21) and have even shown high productivity under moder20
ate drought conditions (22).
19

Alexopoulou, E., Monti, A., Elbersen, H. W., Zegada-Lizarazu, W., Millioni, D., Scordia, D., ... & Christou, M. (2018).
Switchgrass: From Production to End Use. In Perennial Grasses for Bioenergy and Bioproducts (pp. 61-105). Academic Press.
20

Eichelmann, E., Wagner-Riddle, C., Warland, J., Deen, B., & Voroney, P. (2016). Comparison of carbon budget,
evapotranspiration, and albedo effect between the biofuel crops switchgrass and corn. Agriculture, Ecosystems & Environment,
231, 271-282.
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Nutrients
Nitrogen fertilisation is required from the second year on annual basis but should be avoided during
the establishment year. The optimum N fertilisation depends on the N availability in soil, environmental conditions. It has been found that N fertilisation has no effect at level above 70 kg/ha/yr.
Pests and Diseases
Weed competition leads to failure of switchgrass establishment therefore preemergent herbicides like
glyphosate are used to control weeds. Once the crop is well established no weed control is needed.
Pollination
It is self-incompatible and cross-pollinated species.
Harvesting
Harvesting is done in Nov- Jan. Harvesting is delayed to late winter so that the nitrogen content would
decline from 1 to 0.6%. This reduction in nitrogen removal has positive environmental effect. Harvesting can be done with commercially available haying equipment. It can grow up to the height of 2.5m
and should be cut at the height higher than 10 cm and moisture content should be at least 20% before
baling. Harvesting in summer, after flowering in drought conditions are not recommended.
Storage
5-13% dry matter loss has been reported when the switchgrass bales are stored outside. The moisture content of switchgrass biomass at baling time should not exceed 18% and should be stored under sheltered roof so that composition degradation or spontaneous combustion can be avoided during
storage.
Crop Productivity/Yield
The crop yields is 12 tonne ha−1 (17-year period) when established on marginal areas with shallow
21
soil depth (19).
Crop performance associated to the TRL for each specific characteristic included in the PANACEA definition of NFCs.

21

Alexopoulou, E., Zanetti, F., Papazoglou, E. G., Christou, M., Papatheohari, Y., Tsiotas, K., & Papamichael, I. (2017). Longterm studies on switchgrass grown on a marginal area in Greece under different varieties and nitrogen fertilization rates.
Industrial Crops and Products, 107, 446-452.
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Specialty crops
Specialty crops are defined in law as “fruits and vegetables, tree nuts, dried fruits and horticulture and
nursery crops, including floriculture.”

The legal definition of specialty crops is, however, intimately tied to the definition of horticulture and its
various components. Horticulture is defined as that branch of agriculture concerned with intensively
cultivated plants that are used by people for food, for medicinal purposes, and for aesthetic gratification.

Horticultural plants are commonly divided into those that are edible, those that are used for culinary or
medicinal purposes, and those that are used for ornamental or aesthetic purposes.

The specialty crop sector in Europe, as throughout the rest of the world, is extremely diverse and
complex with little vertical integration; information is difficult to source from the large number of small
and medium sized companies for confidentiality reasons. Products in this sector are generally higher
priced/higher value and are traded in lower amounts than mainstream products in the other sectors.
Cultivation areas therefore tend to be relatively small and the market can quickly become saturated,
severely impacting upon prices.

There is great diversity in the crops grown in this sector. In all, 130-140 plant species are cultivated;
this is approximately 10% of those native to Europe used on a commercial basis; the remainders are
collected from the wild.

In Eastern European Countries there is a long history of production and use of these crops and products and interest and activities are significant. The trade of medicinal and aromatic plants in the countries has changed in recent years, largely owing to change from strictly organized and state-controlled
trading systems based mostly on country-wide networks, to free and diversified markets, with an increasing number of completing, private companies. This has resulted in increases in collection from
the wild, a situation which is at best undesirable.

Peppermint

Source: almanac.com

Source: outsidepride.com

Source: teatulia.com

Belonging to the Lamiaceae family, it is an hybrid mint, indigenous to Europe and the Middle East. It’s
now
widely
spread
and
cultivated
in
many
regions
of
the
world.
It’s
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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.
Where can it be grown?
It is a perennial crop and can survive extreme weather and drought conditions. In grows mostly in
temperate and sub-temperate zones but in tropical weather altitudes above 1000m are suitable for
peppermint growth.
What is peppermint used for?
Pepper mint are known to have antibacterial, antiviral, anti-parasitic and antifungal properties. Average content of essential oil was 1.38%, with menthol and menthone amounts of 69.3% and 12.5%,
respectively. Because of these properties they are used in agro-food industry as food preservatives
22
and antimicrobial agent to improve safety and shelf-life (23).They are also used in pharmaceuticals
and cosmetic industries.
Inputs
Peppermint ere was a significant enhancement in the essential oil percentage under long-term water
deficit. Therefore, these results suggest that moderate water stress (0.5–0.75 FC) in peppermint will
23
be appropriate to enhance its biological properties (24).
Harvesting
It can be first harvested 40-55 days from planting.
Crop Productivity/Yield
The average biomass production was 4.6 kg/m2 in 2 harvest cycle. The average yield is 12-20 ton/ha
of biomass and 30-65 kg/ha of essential oil (ecocrop.fao.org)
Crop performance associated to the TRL for each specific characteristic included in the PANACEA definition of NFCs.

22

D'Amato, S., Serio, A., López, C. C., & Paparella, A. (2018). Hydrosols: Biological activity and potential as antimicrobials for
food applications. Food control, 86, 126-137.
23

Rahimi, Y., Taleei, A., & Ranjbar, M. (2018). Long-term water deficit modulates antioxidant capacity of peppermint (Mentha
piperita L.). Scientia horticulturae, 237, 36-43.
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Calendula

Photos: corus.co.uk

Where can it be grown?
It is widely adapted to temperate climates and shown best results when used as rotational crop. Plant
likes hot warm, dry climate with low moisture. Early maturing genotypes appear to be best suited for
climatic conditions of northwest Europe and it allows concentrated flowering period and easier har24
vesting (25).
What is calendula used for?
Marigold has wide range of usages. i) Marigold has chemical called flavonoids (yellow color) which
can be used as dye. Marigold dye is also found to develop UV protection capacity to textile materials
25
of excellent grade (26) ii) They have the property of hydrosols with antibacterial property and can be
used in agro-food industry to improve safety and shelf-life (Belabbes et al., 2017) ii) Marigold as contains antioxidants and volatile oils which can help in ability to repel certain fungi, pests and insects;
26
and also its capability of improving blood flow and controlling inflammation (27).
Production Cycle
If you establish the seeds in early spring you can harvest the flowers by mid-summer in about 2
months from planting the seeds and grow up to 80 cm tall.
Establishment/Sowing
Establishment of marigold is very easy and can be performed with conventional field equipment It is
-2
sown from early May to mid-June. Plant density established at slightly higher than 40 m is thought to
27
have a positive effect on crop development and yield (25).

24

Cromack, H. T. H., & Smith, J. M. (1998). Calendula officinalis—production potential and crop agronomy in southern
England. Industrial Crops and Products, 7(2-3), 223-229.
25

Shabbir, M., Rather, L. J., & Mohammad, F. (2018). Economically viable UV-protective and antioxidant finishing of wool
fabric dyed with Tagetes erecta flower extract: Valorization of marigold. Industrial Crops and Products, 119, 277-282.
26

Preethi, K. C., Kuttan, G., & Kuttan, R. (2009). Anti-inflammatory activity of flower extract of Calendula officinalis Linn. and its
possible mechanism of action.
27

Cromack, H. T. H., & Smith, J. M. (1998). Calendula officinalis—production potential and crop agronomy in southern
England. Industrial Crops and Products, 7(2-3), 223-229.
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Inputs
Marigold is not very tolerant to drought and flooding.
Nutrients
Nitrogen utilization has found to increase flower yield, water use efficiency and plant height. However
120 kg N ha-1 is the optimal level of nitrogen usages as there was no difference found when the N
28
application was increased from 120 to 180 Kg N ha-1 (28).
Pests and Diseases
They are pest and diseases resistant but is low weed competitor. Herbicide treatments did increase
the yield slightly but not a significant amount (25).
Harvesting
Flowers are best to harvest after the morning dew has dried and should be harvested when flower is
half bloom. Once you harvest the flowers they keep blooming.
Storage
Flowers are preserved for longer storage by desiccating.
Crop Productivity/Yield
29

Seed yields were as high as 1.166-1.839 t/ha (29). The average yield reported in experiments done
in 1994/95 is 1.80 t/ha (25).
Crop performance associated to the TRL for each specific characteristic included in the PANACEA definition of NFCs.

Strengths & Opportunities
Strengths

Adaptability

Opportunities

Tolerance to
stress and
pest,
diseases

Inputs
re- Ecological
quirement
benefits
(water,
nutrients,

End-uses

RED
Directive

II ILUC
rective

Di- Bioeconomy
Strategy

Common
Agriculture
Policy

28

Moosavi, S. G., Seghatoleslami, M., Fazeli, M., Jouyban, Z., & Ansarinia, E. (2014). Effect of Water Deficit Stress and
Nitrogen Fertilizer on Flower Yield and Yield Components of Marigold (Calendula officinalis L.). Int. J. Biosci, 4, 42-49.
29

Gesch, R. W. (2013). Growth and yield response of calendula (Calendula officinalis) to sowing date in the northern US.
Industrial Crops and Products, 45, 248-252.
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pesticides,
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Farmer’s interests
30

Based on the survey (D2.2 ) conducted by PANACEA, farmers’ interests to cultivate non-food crops
for bioeconomy include:

Non-Food Crops and purpose
A lot of different non-food crops are cultivated around Europe, which can be explained by the climatic
variations. Due to this variation in crops, there is also a wide range in purposes and possibilities of the
Non-Food Crops (Bioenergy, biofuels, building materials, pharmaceuticals). Also, a lot of ‘other’ users
are mentioned by farmers, like tobacco, textile, perfume and paper.

Markets
The markets for NFCs are varied over the regions of Europe. In the Lusitanian and Atlantic NFC cultivation is mainly under contract with industry, while in the Mediterranean and Continental/Boreal mostly open markets exists, without contracts with industries.

Continue to produce
Most farmers throughout Europe are planning to continue with cultivating NFCs in the future. Only in
the Continental/Boreal region (especially Poland) several farmers are planning to stop with NFC cultivation due to a lack in profit and demand.

Incentives
Demand for, and profitability of NFCs are the most important incentives for farmers to produce or start
producing them. Only in the Continental/Boreal region, governmental stimulation for NFC cultivation is
a high valued – incentive. However, governments, but also industries can off course help to increase
demand, and therefore profitability of Non-Food crops.

Bottlenecks
Most farmers that do cultivate NFCs do, or did, not see knowledge as a constraining factor regarding
adoption, while non-NFC producers appoint a lack of knowledge as a clear reason to not cultivate
NFCs. The provision of knowledge and advice might help those farmers to give more insights in the
cultivation of NFCs, leading to possible uptake of NFCs into their crop rotation.

30

D2.2 Incentives and bottlenecks for farmers to adopt NFCs.
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Markets, biorefineries, emerging needs and interests of different industries involved in producing biobased products31
Markets for NFCs in Europe32
The turnover of the total bioeconomy in 2016 for EU-28, including food and beverages and the primary sectors agriculture and forestry, was 2.3 trillion €. Roughly half of the turnover is accounted for by
the food and beverages sector, almost a quarter is created by the primary sectors, agriculture and
forestry. The other quarter is created by the so-called bio-based industries, such as chemicals and
plastics, pharmaceuticals, paper and paper products, forest-based industries, textile sector, biofuels
and bioenergy.

The bioeconomy employs 18.5 million people in total. The primary biomass production, mainly agriculture plus forestry and fishery, generates a lot of employment (55%) but low turnover (20%).

Data show clear differences between groups of Member States: e.g. the Eastern European
countries Poland, Romania and Bulgaria apparently are stronger in less value-added sectors of the
bio-based economy that generate a lot of employment. In comparison, Western and Northern European countries generate much higher turnover compared to the employment generated. The countries with the highest ratio between turnover and employment are Ireland, Finland and Belgium.

The contribution of the often-underrated bio-based industries, such as chemicals and plastics, pharmaceuticals, paper and paper products, forest-based industries, textile sector, biofuels and bioenergy
to the bioeconomy. This sector showed considerable turnover of almost 700 billion € and 3.6 million
employees in the EU-28 in 2015. In the biobased chemical industry alone, turnover amounted to
around 30 billion €.

Data show an overall slight increase in the bio-based share of the chemical industry in the EU-28 from
about 6% in 2008 to 7% in 2015. The raw materials used by the chemical industry are about 50%
organic (fossil and bio-based) and about 50% inorganic (minerals, metals).
Only taking the organic part into account, the overall bio-based share increased from 11% in 2008 to
14% in 2015.

Denmark stands out as the one Member State with the highest bio-based share in the chemical industry in 2015, which is mainly due to the high production of enzymes. Latvia and
Sweden follow primarily due to a large production volume of charcoal and tall oil.

31

D2.1 Report on bio-based industries’ needs and interests.

32

European_Bioeconomy_in_Figures_2008-2015. www.biconsortium.eu
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Biorefineries33
Significant activities have been taking place in Europe in the field of biorefineries.

A biorefinery is an integrated production plant using biomass or biomass-derived feedstocks
to produce a range of value-added products and energy


"Sugar-/starch based biorefineries" producing bioethanol and other chemicals (63)



"Oil-/fat-based biorefineries – first- and second-generation biodiesel" (64)



"Oil-/fat-based biorefineries – oleo chemistry" (54)



"Wood-based biorefineries with a range of products: pulp, bio-based chemicals, biofuels,
electricity and heat" (25) (excluding pulp for paper only)



"Lignocellulose-based biorefineries other than wood with a range of products: pulp/fibres, (proteins), bio-based chemicals, biofuels, electricity and heat" (5)



"Biowaste-based biorefineries with a range of products (depending on the waste)" (13)

33

MappingBiorefineriesAppendix. www.biconsortium.eu
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Figure 3 Biorefineries in Europe in 2017

Starch/ Sugar biorefinery

The starch and sugar biorefinery processes starch crops, such as cereals (e.g. wheat or maize) and
potatoes, or sugar crops, such as sugar beet or sugar cane. In Europe, the main application of this
biorefinery is currently the production of starch derivatives, ethanol and organic acids, with the protein
stream being used for food and feed and other co-products mainly going to animal feed.
Starting from a process stream based on starch and sugar crops, the plants will progressively use
lignocellulosic feedstocks and integrate the fractionation processes by 2030. The first step will be the
integration of cereal straw into the supply chain, followed by the use of dedicated lignocellulosic crops
(mainly arable).

There will be a diversification of products from sugar and starch-derived C6-sugars (hexoses) towards
other alcohols, chemicals and organic acids, as new biological and chemical processes to produce
platform chemicals become available and competitive.

42
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Agro-industries have long been involved in sugar extraction, starch fractionation, fermentation and
distillation. With this level of expertise, they can easily integrate biotech processes for first- and second-generation bioethanol and, at a later stage, other fermentation products. The feedstock quantities used at each biorefinery location are in the range of 200,000 to 400,000 tonnes/year of dry biomass. These requirements should be met from locally produced feedstock, which makes for easier
management of sustainability parameters in the overall production chain (carbon sequestration, nitrogen and other mineral nutrient cycles).

This model will lead to the development of small/medium scale rural biorefineries close to agricultural
areas producing the required biomass. These rural starch and sugar biorefineries will be established
in the most efficient production and supply areas. “Mid Europe” (from West to East Europe) is ideal for
this.

Small-scale biorefineries that produce ethanol, biogas and protein for animal feed or human food are
34
being developed at a scale of 10,000-50,000 tonnes of primary dry weight inputs . Starch and sugar
biorefineries may also be located at major centres for grain and sugar import. These are likely to focus on product diversification rather than the integration of lignocellulosic streams.

34

Sanders, J.P.M.; Meesters, K.P.H., 2008. Method and installation for producing electricity and conversion products, such as
ethanol
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Table 1. Biorefinery in the European Industry; current state and bottlenecks to further development35
Biorefinery types

Sugar
Industry

Current state

Bottlenecks

Most production is made into crystallised or liquid sugar 
for food applications. The residue of sugar beet pulp is
used for animal feed, while molasses from the refining
process goes into feed or is fermented to produce bioethanol. Sugar is also processed into alcohol for the 
drinks industry and used by the chemical sector in fermentation processes. Currently only 2% of total sugar
production is used in non-food applications.



Oil indus- Vegetable oil (or animal fat) is increasingly being used
try
to make biodiesel (fatty acid methyl ester or FA ME),
via the trans-esterification process, which produces
glycerol as a by-product. Chemical and enzymatic modification of vegetable oil produces oleochemicals, such
as fatty acids, alcohols, fatty esters, ketones, dimer
acids and glycerol. Oleochemicals are primarily used in
personal care products or as raw materials and additives in industrial applications such as textiles, lubricants, household cleaners and detergents, plastic and
rubber.

Forest/
Wood
Industry

35

Some pulp mills have already transformed their businesses to derive value from compounds extracted from
wood, creating higher value from what were previously
“energy side-streams”.
These mills are, highly innovative and diversified biorefineries. Integrated pulp and paper mills are currently
the best examples of wood-based biorefineries. Currently, wood-based chemicals are mainly isolated from
pulping spent liquors and only a few processes are
used to prepare or isolate any chemicals directly from
wood or wood residues. Examples include the extraction of bioactive substances or other soluble compounds (such as tannins) from wood or bark. In addition, small volumes of essential oils are isolated from
different tree species. Thermal processes are used to
prepare tar and certain tar-derived fractions.

Capitalise on synergies
between the starch and
sugar industries for fermentation applications
Use the cellulose-based
pulp residue for the development of second
generation fermentation
products



•

•
•
•
•

Key bottlenecks are
the oilseed feedstock
cost and land availability for increased
production.
Oil crushers and biodiesel producers’ focus will be on process cost reduction
and value creation
through
integration
with
downstream
transformation.

Developing
innovative
products to fit with changing markets and meet
customer needs
Developing
intelligent,
efficient and lower energy
manufacturing processes
Enhancing
availability
and use of forest biomass
for products and energy
Meeting the multifunctional demands on forest
resources and their sustainable management

Star Colibri, www.star-colibri.eu/files/files/vision-web.pdf
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Bioener- Much of the existing biorefinery network has a strong •
gy & Bio- link to biofuel production, particularly:
fuels
• Co-production of feed (DDGS) from ethanol and •
pressed cake from biodiesel
• Co-production of glycerol from biodiesel, used in the
cosmetic and chemical industries
• Co-production of CO 2 from ethanol manufacture,
used for horticulture or soft drinks
•

Enlarging the feedstock
base
Developing
processing
technologies for a wider
range of feedstocks and
increasing the efficiency
of conversion to valuable
biofuels and other products
Minimising overall energy
consumption and improving environmental footprint of biofuels

Biorefinery types

Current state

Bottlenecks

Chemical
industry

Today, biorefining operations in the chemical industry
are based largely on either sugar or starch and vegetable oil.
Integration of primary and secondary processing of the
raw material remains limited. The chemical industry
uses sugar or starch for fermentation or chemical processing as a “green” alternative to oil-based feedstocks
to make products with the same functionality and performance.
Raw materials for oleochemical production come from
the well-established world market for vegetable oil and
there is no integration with the companies doing the
primary processing
of the oil. Most biobased chemicals and oleochemicals
are high value-added, specialty chemicals.
Some integration of biomass primary processing with
chemicals manufacture is emerging, with the diversification of product streams from some agro-industries
(e.g. starch producers) towards chemical intermediates
(lactic acid, succinic acid, etc.) and specialty chemicals
(e.g. polyols).
Choice of the right starting molecules to minimise energy inputs and capital costs – as is the practice in the
petrochemical industry – can help to build efficient processes and extract greater value from some biomassderived chemicals.
One example is the use of glycerol to produce epichlorohydrin: Solvay has built two factories since 2007. This
process produces the bulk chemical without the need
for chlorine, which reduces energy needs considerably.
Another example of the use of appropriate molecular
structures present in plants is the manufacture of amino
acids from biomass residues.

•
•
•

•

•
•

Resource efficiency and
the development of renewable alternatives
New routes for costcompetitive plug-in building
blocks from biomass
Improving
competitiveness
and
increasing
availability of biomass
feedstock, for example by
breeding better adapted,
dedicated crop varieties,
pre-processing/ compaction of biomass for more
efficient transport, and
more efficient processing
of lignocellulosic biomass
Reducing the costs of
biological
processing
through increased efficiency and the integration
of processes to minimise
energy, water, and raw
material use Integrating
chemical and biological
processing steps
Exploiting specific molecular structures from plant
components
Developing biotech crops
which express useful intermediate chemicals.
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Oilseed biorefinery

The oilseed agro-industry will change significantly over the next twenty years. In 2011, the major focus is on first generation biodiesel and the development of oilseed biorefineries with multiple product
streams. With glycerol as the major by-product, a clear target is to develop an integrated process
stream to make value-added products from this raw material. However, the development of oilseed
biorefineries by 2030 will feature the introduction of new oleochemical process streams, based on
long chain fatty acids from European oilseeds (mainly rapeseed and sunflower) and the progressive
integration of these processes into the biodiesel production chain. This trend will be reinforced by the
continuing evolution of European biofuel production, in particular the decreasing relative importance
of first generation biodiesel due to its inefficient use of farmland.

With decreasing financial support for biofuels, and higher environmental constraints, it is likely that
small-scale production of biodiesel from oilseeds will be reduced and will be mainly used for local
energy requirements (e.g. for farms or rural communities). At the same time, medium/large scale production will increasingly focus on higher added-value applications such as jet fuels and oleochemicals.

Green biorefinery

A green biorefinery processes wet biomass, such as grass, clover, alfalfa, etc. This is pressed to obtain two separate product streams: fibre-rich press juice and nutrient rich pressed cake. The pressed
cake fibres can be used as green feed pellets or as a raw material for chemical production. The
pressed juice contains valuable compounds such as proteins, free amino acids, organic acids, minerals, hormones and enzymes. Lactic acid and its derivatives, ethanol, proteins and amino acids are the
36
most profitable end-products which can be made from this stream . The pressed juice residues are
mainly used to produce biogas, itself then used to generate heat and electricity.

In 2030 many of these smaller scale green biorefineries can be set up, as new industrial value chains
are established in regions that traditionally produce high quantities of wet biomass, such as grassland
areas.

Lignocellulosic biorefinery

There are two primary process routes: thermochemical and biochemical. The thermochemical approach uses heat to convert lignocellulosic feedstocks to syngas, which is then used to produce
transport fuels and chemicals. Many different biomass types can be used as feedstock for this type of
biorefinery: dry agricultural residues (e.g. straw, peelings, and husks), wood, woody biomass, and
organic waste (e.g. waste paper, residues from waste paper pulping and lignin). These are relatively
dry biomass feedstocks and well-suited for new thermochemical conversion processes such as gasification.

36

Kamm, B., Gruber, P.R. & Kamm, M. (ed.), 2006. Biorefineries – Industrial Processes and Products. Status Quo and Future Directions. Vol. 1
and 2. WIL EY-VCH Verlag GmbH & Co. KGaA, Weinheim. p 441 + p 497.
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Vegetable oils are also suitable feedstocks. Depending on the heating conditions, so-called pyrolysis
liquids or pyrolysis oil can also be formed. These are easy to handle (with good storage, atomisation
and pressurisation properties) and transport and can be used as liquid fuels.

Another option is the biochemical approach which uses a primary biological refining step to fractionate
lignocellulosic raw material into three separate raw material streams: cellulose, hemicellulose and
lignin. These fractions then go into three separate process streams and are converted into valueadded products. Cellulose can be hydrolysed to produce sugars which are then used as a fermentation substrate to make alcohols (e.g. ethanol), organic acids and solvents. The hemicellulose fraction
can be converted to xylose, gelling agents, barrier agents, furfural and, further downstream, to nylon.
Finally, lignin can be used to make binders and adhesives (glyoxalised lignin, for example, is being
studied as a potential alternative to formaldehyde-containing resins for applications such as fibreboard panels). Alternative uses are the production of fuels or carbon fibres and as a feedstock for
syngas production, itself a valuable feedstock for a range of uses.
The forestry-based pulp and paper industry has long experience of the logistics of production and use
of woody and lignocellulosic biomass. It is therefore a good candidate for the introduction of thermochemical (gasification) processes, to convert woody biomass (forest biomass and residues or dry
organic waste) to second generation biofuel and/ or chemicals from syngas. The industry also has
access to a large amount of lignin, which is currently mainly used as an energy source. Greater value
will be obtained by integrating processes for the chemical conversion of lignin. An in-depth study of
lignin structure is needed to make the most of this raw material.

Agriculture is another source of lignocellulosic biomass. A range of agricultural residues and dedicated crops will be processed in lignocellulosic biorefineries, either as part of newly-developed industrial
value chains, or to provide additional raw material streams for sugar/starch biorefineries. Agricultural
lignocellulosic crops and residues are more likely to be processed via the biochemical route. It is assumed that the technical and economic barriers to lignocellulosic biomass fractionation will be solved
over the current decade, and that both approaches will lead to commercially viable lignocellulosic
biorefineries
by
2030.
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Bio-based industries’ emerging needs and interests
37

Based on a survey (D2.1 ) conducted by PANACEA industrial stakeholders have given their view on
the use and availability of suitable biobased resources. These are summarized below:


Key bottlenecks for companies that are inclined to changing to bio-based feedstock is the cost
price. Next in line are the purity of the biobased products (especially in the specific oils for chemical production) or the consistency/homogeneity of the feedstock supply (in the lignocellulose fibre
processing). Related to the possible improved sustainability of biobased alternatives, it is mentioned that so far customers won’t pay for improved sustainability (30). Strange enough, use of
pesticides isn’t a key concern to the respondents themselves.



The high importance of child labour suggests that experience that bio-based feedstock somehow
has got an image of being connected with child labour. This may be true for imported competing
(textile) products, but this is not considered to be an issue within the EU, this topic may require
attention by dedicated certification.



The availability of suitable volumes of particular bio-based feedstock is considered insufficient to
meet demand. Here the link with the farmers crop production should be established.



The discussion on competition with food appears less relevant for the respondents. This may be
related to either only small volumes of bio-based feedstock being used for non-food applications
so far, or to affordable food prices worldwide currently.



Majority of the respondents indicate that the EU and national projects in which they partnered
show positive results related to increased options for bio-based feedstock and conversion technologies. However, developments rarely have a market readiness level which allows commercial
implementation at the end of a project.

37

D2.1 Bio-based industries’ needs and interests
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Networking and knowledge diffusion in multi-actor forums
During the research work in PANACEA, the word stakeholders is defined as:
‘an individual or an institution with an interest or influence in sharing information and transfer
of knowledge generated through research and innovation on non-food crops (NFCs).

The PANACEA multi actor forum is analysed based on the principles of the quadruple helix ap38,39,40,41
proach
which beyond the ‘triple helix’ components of university, industry and government also
42 43
recognises the important role of the society , in the process of sustainable development of
knowledge.

Figure 4 Quadruple helix model of PANACEA multi actor forum

38

Carayannis E. G. and Campbell D. F. J. (2009), Mode 3 and ‘Quadruple Helix’: toward a 21st century fractal innovation
ecosystem, International Journal of Technology Management, 46 (3), 201-234.
39

Carayannis E. G. and Campbell D. F. J. (2010), Triple Helix, Quadruple Helix and Quintuple Helix and how do knowledge,
innovation and the environment relate to each other? A proposed framework for a trans-disciplinary analysis of sustainable
development and social ecology, International Journal of Social Ecology and Sustainable Development 2010, 1(1):41–69.
40

Yawson R. M. (2009), The Ecological System of Innovation: A New Architectural Framework for a Functional EvidenceBased Platform for Science and Innovation Policy, The Future of Innovation Proceedings of the XXIV ISPIM 2009 Conference,
Vienna, Austria, June 21–24, 2009.
41
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http://www.innovation-

42

Bhattacharya, C., Sen, S., Korschun, D., 2011. Leveraging Corporate Social Responsibility: The Stakeholder Route to
Business and Social Value. Cambridge University Press, Cambridge, UK.
43

Sayan Banerjee (2016). Social Innovation: A Theoretical Approach in Intertwining Climate Change with Social Innovation
Handbook of Research on Climate Change Impact on Health and Environmental Sustainability (pp. 593-618). www.irmainternational.org/chapter/social-innovation/140598/
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In the case of PANACEA, ‘society’ is narrowed to the agricultural community as their adoption pat44
terns are considered highly important for the development of the NFC sector. They form a critical
part of the society that will contribute to the innovation of NFC value chains starting from the selection
of suitable crop species to the production of innovative biobased products.

The process of adopting NFCs as part of the agricultural crop mix is analysed to understand how the
agricultural community can shift to knowledge-based agriculture and further facilitate rural development and the European bioeconomy.

The selection of this stakeholder group as fourth helix is in accordance to the rationale of the work
45
European Commission performed for Smart Specialisation Strategies . The triple helix has been
applied in local and national innovation initiatives while the quadruple helix has been identified as the
reference approach for the preparation and implementation of Research and Innovation Strategies for
Smart Specialisation (RIS3) and local implementation of value chains.
For the purposes of the work, Non-Food Crops (NFCs) are considered as ‘innovation’ and the helix
type of approach is used to firstly understand optimal ways of sharing information and transferring
knowledge and then assigning and analysing the role of each helix in supporting their adoption and
integration to European agricultural systems. The inclusion of the agricultural community as fourth
helix allows us to broaden the classic innovation concept of triple helix with the actual actors produc46
ing NFCs, leading to innovation user-oriented forms.

The stakeholder categories forming the four main components of the quadruple helix in the PANACEA project are further disaggregated into categories that also relate to advisory services in Europe47
an Agricultural Knowledge and Innovation Systems (AKIS) within the participating countries and
Europe:


Research and education: research institutes, universities, technology centres, technology
platforms, agricultural students and EU projects. Advisory and extension services facilitate
SMEs access to technology and knowledge and act as a liaison to bring together research
services, higher education and agribusiness with producers. Therefore, we have clustered
them with this research and education group.



Industries and SMEs: All bio-based industries including small and medium enterprises.



Government and regulating bodies: agricultural chambers, ministries, regional government
and authorities from sectors like agriculture, waste, circular economy, industry, rural development; EIP-AGRI; other thematic networks, operational groups.



Agricultural community: young farmers; foresters, land owners, associations, cooperatives,
unions, etc.

44

Gomes, L., Lima, M., 1992. From modeling individual preferences to multicriteria ranking of discrete alternatives: a look at
prospect theory and the additive difference model. Found. Comput. Decis. Sci. 17, 113–127.
45

European Commission (2012), Guide to Research and Innovation Strategies for Smart Specialisation (RIS 3), May 2012.

46

Arnkil R., Järvensivu A., Koski P. and Piirainen T. (2010), Exploring Quadruple Helix Outlining user-oriented innovation
models, Final Report on Quadruple Helix Research for the CLIQ project, under the Interreg IVC Programme.
47

https://ec.europa.eu/programmes/horizon2020/en/news/tracking-actors-innovation-agriculture
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PART B ENGAGE IN GROUP DISUSSIONS & INTERDISCIPLINARY
THINKING

Design your non-food crop value chain-(group interactive exercise)
A. Sharing of experience in Non-Food Crops in a region/ country


Definition of Non-Food Crops



Current state of Non- Food crops in your region



What are the thresholds and driving forces for penetration of non-food crops into agriculture?



What are the demands and interests of the bio-based industries on (new) feedstocks?

B. Design of value chain


Site selection: Please explain the rationale of selecting a site



Crop selection and agricultural management practices
•

building a crop rotation and crop management including catch crop for energy (the aim is to
adapt all the crop rotation and not only catch crop)

•

Results of experiments (if any in your region/ country)



Impact of catch crops for biobased economy on soils organic content



Impact of NFCs on GHG



Markets: in which biobased markets can your crop be used? What are the future prospects?
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Figure 5 Non-Food Crops (NFCs) value chains for bioeconomy

C. Sharing the approach and results developed by groups- Discussion



Production cost assessment (the aim is to integrate all the potential costs)



Presentation of economic assessment



Potential revenues for farmer

D. Sharing the results by group- Discussion
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Developing policy for NFCs in bioeconomy value chains in
your country (group interactive exercise)
Describe the context of your chosen sector/value chain/region where you will apply policy analysis.
Why this choice?
Policy aim and justification
This section should define the key issues under consideration for the NFCs sector/value chain/region,
justify the need for government intervention and shortly describe the policy objectives and intended
effects. You can use as guide the following questions in this section:


Which are the key issues under consideration for your sector/value chain/region?



Why is the government intervention necessary?



What are the policy objectives and intended effects?

Analysis and direction setting
Current state of play: Does your NFC value chain exist? If yes, how is it operated; what are the key
issues that need to be improved and how can policy facilitate these improvements?
System description: Describe the system boundaries for your sector/value chain/region.
Example: Miscanthus as raw material for advanced fuels in UK: What is the current share of transport
biofuels and which can be the role of miscanthus; in which market segments (aviation, marine, heavy
duty)?
Criteria & Indicators (that you will use to inform policy for your sector/value chain/region)
5 Criteria; 5-10 indicators; (see figure below)

Figure 6 Performance categories, criteria, indicators to assess future policy in NFC value chains
What is important to measure in the impact assessment of your case? Economics/Environmental/Social indicators.
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Choice of criteria, indicators, units, etc. Select 5-10 indicators. Don’t spread to wide as analysis will
lose focus.
Benchmarks: fossil, other renewables, etc. Who are we competing with?
Recommended policy framework
This section defines the key issues under consideration for biomass use to be integrated/ improved (
in your sector/value chain/region); justifies the need for government intervention and shortly describes
the policy objectives and intended effects.
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