
Agronomic aspects of future energy crops in Europe
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Biomass crops energy supply



European Union Directives 

• 10% biofuels by 2020 (Res. PE-CONS 3736/08; Res. 8040/09 ADD1)

• 17.5 and 21.1 millions hectares of arable land dedicated to energy crops

European Union Directives



• No information on production potential/agronomic practices

• Appropriate crop management practices assed

Maximize productivity



Perennial herbaceous crops

• Low production costs

• Suitability to marginal lands

• Low water needs (switchgrass, 

Miscanthus)

• Low nutrient and agrochemical 

requirements

• Environmental benefits

Miscanthus

Giant reed

Switchgrass



Perennial herbaceous crops
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Switchgrass and Miscanthus:

• Central and northern Europe

Giant reed:

• Mediterranean climates of southern Europe



Switchgrass seeds Miscanthus and giant reed rhizomes

Perennial herbaceous crops

Seed reproduction gives switchgrass an economical and 

environmental advantage



Perennial herbaceous crops

Weeded
(early growth stage)

Non weeded
(early growth stage)

Ocumpaugh et al., 2002
• Fertilization

• Supplemental irrigation

• Weed control



Perennial herbaceous crops



Perennial herbaceous crops



Perennial herbaceous crops
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Late harvest

• Maintain soil nutrients

• Biomass quality

• Reduced yield
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Perennial herbaceous crops



Short rotation woody crops

Poplar

Willow

Eucalyptus



Short rotation woody crops

Volk et al., 2004
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Short rotation woody crops

Sage, 1999
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Short rotation woody crops



Short rotation woody crops

Cropping strategies to minimize fertilization:

• Longer rotations

• Mixture of nitrogen fixing trees (alder, 

Albizia)

• Intercropping with nitrogen fixing annual 

crops

• Reincorporation crop residues (leaves, twigs)

• Harvest during dormancy/ growth cessationDeckmyn et al., 2004



Short rotation woody crops

Chipping

Trunk stacking on-site



Annual crops (sorghum, hemp)
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Sorghum:

• Mediterranean climates of 

southern Europe

Hemp:

• Wide variety of agro-

ecological conditions (manly 

central Europe)



Annual crops (sorghum, hemp)

Sorghum genotypes: fiber, grain, sugar

Hemp: long history as a fiber crop



Annual crops (sorghum, hemp)

Advantages:

• Propagated by seeds

• Deep rooted

• High cellulose content (hemp) and 

fermentable carbohydrates (sweet sorghum)

• Relatively low nutrient requirements



Annual crops (sorghum, hemp)

Advantages:

• Row crops

• High planting density:

14 to 20 plants m-2 (sweet sorghum)

Up to 270 plants m-2 (hemp)



Annual crops (sorghum, hemp)

Crop rotations:

• Control of pest

• Efficient use of soil resources
Nutrient requirements:

• Low compared to maize (sweet sorghum)

• High leaf turnover rate (hemp)

Anderson et al., 1995



Annual crops (sorghum, hemp)
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Harvest:

• Silage harvesters, straw balers, or sugarcane harvesters (sweet sorghum)

• Available harvesting equipment need some modifications (hemp)



Oilseed crops (Ethiopian mustard)
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Oilseed crops (Ethiopian mustard)

• Harvesting with existing technology



Conclusions

• The most suitable energy crops (in terms of agronomic 

management, climatic adaptability and potential 

biomass production) for northern Europe are some fast 

growing trees and perennial grasses such as poplar, 

willow, and miscanthus.

• Under Mediterranean climates of southern Europe 

eucalyptus, sweet sorghum, and giant reed are 

promising energy crops.



Conclusions

• In general, most of the perennial grasses and woody crops 

are largely undomesticated and are at their early stages of 

development and management. These crops, however, show 

some advantages over annual crops in terms of agricultural 

inputs, yields, production costs, food security, reduced 

greenhouse gas emissions, and environmental sustainability.



• Important cultivation and management practices that 

need further development and evaluation are: 

appropriate selection of species and genotypes, crop 

establishment, water needs, fertilization timing and 

rates, control of weeds and pests, and harvest time 

and method.

Conclusions
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