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Outline

nergy efficiency in crop production
— Secondary/alternative uses of the crop
— Land use

— Environmental impacts
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What are energy crops?

« Energy crops may either be used directly from
harvest or stored for later processing.

 All crops have an energy value for burning — can
have other uses as well.
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Energy crops

« crops for biogas
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Crops for combustion

— Miscanthus
— Reed canary grass
— Switchgrass

15-20 year stands
Harvested once a year when dry
Uses all above ground plant material
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Crop selection

Crops for oll

Annual crops (harvest once a year)
Can be used in crop rotations
Also food crops

Does not use all of crop material — only
seeds

BOKU - IFA — Tulln
06 Feb 2006
Cropgen dissemination



Crops for ethanol

Annual crops (harvest once a year)
Can be used in crop rotations

Also food crops

Does not use all of crop material
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Crops for biogas

Verge cuttings etc.

Can have multiple harvest per year
Does use all of plant material

Particularly relevant are forage crops
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Advantages & disadvantages of
energy crops

capital input. fuels.

« Can be developed with » Fertiliser and water
existing manpower and requirements.
resources.

« Are reasonably priced.

* Are ecologically inoffensive
and free of hazards (other
than fire risk).

(Hall, 1979)
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Criteria for selection of energy crops

4. Land use/availability.
5. Environmental impacts.
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1. Crop yield
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Purpose of crop

— wheat (grain) = 8 tonnes / ha
— sugarbeet (beets) = 15 tonnes / ha

« wholecrop (dry matter)
— wheat = 12 tonnes / ha
— maize = 13 tonnes / ha
— ryegrass = 15 tonnes / ha
— miscanthus = 15 tonnes / ha
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yield tDM/ha
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Barley
Cabbage

methane potential m¥kg VS

Carrot
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White cabbage
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2. Production efficiency
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Agro-energetics/economics
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Energy requirements in crop
production

S

fertilisers herbigiQes &
pesticides
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Fuel energy requirements

fertiliser applications 59-88 81

combine harvesting 568-617 598
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Indirect energy requirements

herbicides 264 MJ/kg a.i. (active ingredient)
fungicides 168 MJ/kg a.i.
insecticides 214 MJ/kg a.i.
machinery
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Energy requirements example —
wheat

pesticides 1922
labour 16
transport (on farm) 52
Total 15,136
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Energy requirements for a range of crops

av.

cropgen

Winter wheat 19.12
Winter barley 16.97
Sugar beet 29.49
(Hulsbergen and Kalk
Spring barley 14.45 2001)
spring sown grain 9.98-12.1
Fodder beet 16.8-20.48 (Refsgaard et al. 1998)
Sugar beet 23.88 (Tzilivakis et al. 2005)
Maize 18.71 (Shapouri et al. 2002)
Qilseed rape 13.8 (Elsayed et al. 2003)
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Fertiliser

otal energy requiremen ,136 MJ/ha
— fertiliser energy requirement 7,596 MJ/ha

« Alternatives
— Use digestate as a fertiliser
— Use legumes to provide nitrogen
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Digestate

— a fibrous residue containing most of the phosphate and
potassium.

« These can be applied to the land at the required time.

« Restrictions may be applied to the use of digestate from
wastes other than crops.

Crop selection BOKU - IFA — Tulln
06 Feb 2006
Cropgen dissemination



Legumes

— clovers
— lucerne

« Can be grown as part of a rotation system.

« Can be combined with other crops.
— undersown
— in grass leys
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Energy balance for a lucerne crop

fertiliser 2326 2326
labour 13 23
transport (on farm) 56 223
Total 6,153 7,352
wheat 15,136
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3. Multiple uses of a crop

Crop selection BOKU - IFA — Tulln
06 Feb 2006
Cropgen dissemination



Crop use

« Crops have multiple parts which can be harvested
for alternate uses
— sugar beet tops
— green pea waste
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4. Land availability
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Where to grow energy crops

* Verges.
« Underutilised ‘waste’ ground.
* Reclaimed land.
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5. Environmental impacts

Crop selection BOKU - IFA — Tulln
06 Feb 2006
Cropgen dissemination



Mono-crops

— diversity
« Advantages « Advantages
— duration — vyields

— low input requirements
— carbon sequestration
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Mixed crops

» legumes for nitrogen fixing, catch crops, cover crops

« Disadvantages
— lower yield over the whole farm
— lower carbon sequestration
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How Much Biomass can Europe Use Without Harming the Qog
Environment?

European Environment Agency (2005)

« Atleast 30% of the agricultural land dedicated to
‘environmentally-oriented farming in 2030 in the member
states.

— AD links comprehensively into organic farming and crops can be
chosen which maintain biodiversity.

« The introduction of new cropping systems can combine
high yields with little fertiliser and pesticide input .

— Reuse of digestate as a fertiliser, the use of legumes and cover
Crops .
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Crop selection

The selection of crops for biogas
production

unaerused crops e.g. Jerusalem artichoke

cover and catch crops, harvest and digest before ploughing in
and use as fertiliser.

crops with multiple uses e.g. sugar beet (for beet & leaves for
digestion)

crops with good storage abilities e.g. maize, grass

crops that will grow on a wide range of soil types

market for biomass produced
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Conclusion

Crops can be chosen to fit best with EU legislation

« The energy difference between annuals and perennials
is small compared to the difference between mineral
and organic fertilisers

« Crops can be selected which have multiple uses

« For biogas production forage crops are a good start

— need breeding programmes to increase biomass yields
and exploit the benefits of crops for energy.
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