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Northwestern European agriculture is challenged

e
Productivity & competitiveness
* Biomass for food, feed, material and energy
« Stagnating yields
» Large import of protein feed
Environment
* High nutrient leaching (Nitrate and Water Framework Directives)
» High pesticide use
 Soil and wind erosion

 Agriculture must contribute to EU climate goals (EU climate policy)

Time to look for radical innovation instead of justincremental



It seems hard to increase yields (sustainably) in

existing crops in Europe
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Patricio Grassini, Kent M. Eskridge & Kenneth G. Cassman, 2013.Nature Communications 4, no. 2918



Agriculture iIs locked-in by highly specialised cropping
system technology and network actors

A Reinforcement lock-in

Technological
lock-in:

The initial choice
remains, even

| Increasing returns to adoption: though crop
diversification
Main self-reinforcing - change costs would lead to more
mechanisms - uncertainty about sustainable
alternative choices agriculture ‘/
- dependence between
technology and standards
- actor relationships
- network externalitics
- learning effects
- scale effects /
'S 3
Historical choice:
European preference
for fertilized cereals )
and imported soybean T'm";

Marie-Benoit Magrini et al., 2016. Ecological Economics, 126, 152-162



There are strong drivers for change -
e.g. N emissions to water from agricultural land

(Englund et al., 2019)
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Strategic perennialization

Example




Fields can look this different in autumn
—we decide
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Biomass production can be doubled
and nitrate leaching halved
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Other environmental benefits from conversion of
annual crops to grass

Reduced soil erosion
Reduced GHG emission (0.5-3.5 ton CO,-equiv/ha)
Reduced pesticide use (by factor 40-50)

Increased biodiversity T
LB

-Kt\ /

L % . = e T Pt



So, what to do with all that grass?




Crude protein yield higher in grasses than in other crops
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Colours

A radical new crop production paradigm can be un-locked by (..o«
green biorefineries Medicin
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Feeding experiment with green protein to pigs,
COWS, br0|lers & egg Iayers




Business evaluation of decentralized green
biorefineries in Denmark

Biorefinery CAPEX : 3.36 mio EUR _SCENEND
SERrEe e Fites 95 year | | oOrganic_|Conventional |

5% Interest rate , 5% Maintenance _ Mio. EUR Mio. EUR
__

Grass price Proteln concentrate +
Organic: 0.15 EUR/kg Flbre

Conventional: 0.13 EUR/kg Expenses

Protein price
Organic 0.67 EUR/k TR
Conventional:  0.34 EUR/ke

Fiber pulp price rice : Depreciation and 0.32 0.32
e |dentical to grass price interest

Residue juice is not given any cost or
value - It is used for internal energy
production at the biogas plant.

Source: Morten Ambye-Jensen



Green biorefinery can disrupt agriculture
from Its lock-in because

Grass can approx. double productivity while nitrate leaching,
pesticide use, GHG emission & soil erosion is reduced

Extracting the high protein content in grass & legumes while
the fibre is fed to dairy cattle creates a new market for grass

The fibre fraction may also be used for biogas, fermentation,
textiles, or.....

Feeding trials on mono- and poly-gastric animals are
promising

The business case for organic production is positive

It may be a cheaper way to fulfil e.g. the Water Framework
Directive than existing measures often reducing productivity



Demo-plant for green biorefinery now ready

to pave the way for market introduction
Supported by public funding and Arla, Danish Crown, DLG & DLF
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